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U  S .  D E P A R T M E N T  O F  T R A N S P O R T A T I O N  

F E D E R A L  R A I L R O A D  A D M I N I S T R A T I O N

The opening session o f  the 14th Annual R a ilro a d  Engineering Conference 
was c a lle d  to  o rd e r by Robert E. Parsons, Associate A d m in is tra to r,  Research 
and Development^ • Federa l R a ilroa d  A d m in is tra tio n . - Mr. Parsons served in  the  
capacity  o f  conference chairman. ; Chairman Parsons in troduced  Dr. R ichard  
Pesqueira, P res iden t o f  the U n iv e rs ity  o f  Southern Colorado.

Dr. Pesqueira welcomed the de lega tion  on b e h a lf  o f  the U n iv e rs ity .

Chairman Parsons then gave some in tro d u c to ry  remarks and o u tlin e d  the  
conference fo rm a t, a f t e r  which he turned the meeting o v e r . to \D t. \  Donald • 
Spanton, Chairman o f  Session I ,  "The Status o f  F re ig h t Systems, RSD.

Robert E. Parsons
Associate A d m in is tra to r f o r  Research and Development 
Federal R a ilro a d .A d m in is tra tio n

Robert E. Parsons was appointed to  h is  p resen t p o s it io n  in  March, 1975. 
P rev ious ly  he served as D ire c to r  o f  the Secretary o f  T ranspo rta tion 's , Re
search arid Development Plans and Resources, Program. He began h is  fe d e ra l 
career in  1964 as a va lue  ana lys is  engineer fo r  the Federal A v ia tio n  Admini
s tra t io n .  Two years la te r ,  he was appointed c h ie f  o f  the A na lys is  and Con
t r o l  D iv is io n , and from  1969 to  1971, he was A c tin g  Deputy D ire c to r , O ffice , 
o f  Supersonic T ransport Development. P r io r  to  h is  fe d e ra l experience, Parsons 
was w ith  the M a rtin  Company and the C in c in n a ti M i l l in g  Machine Company.

Parsons rece ived  h is  B. S. degree in  Mechanical Engineering from the Uni
v e rs ity  o f  C in c in n a ti and h is  M.S. from Drexel I n s t i t u te  o f  Technology. He 
i s  a R egistered P ro fess io na l Engineer and has been a c t iv e  in  p ro fe ss io n a l 
and c iv ic  o rg a n iza tio n s . Specia l career re c o g n itio n s  have inc luded  the Secre
ta ry  o f  T ra n s p o rta tio n 's  Award and the Department o f  T ra n sp o rta tio n 's  M e r ito r
ious Achievement Award.
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OVERVIEW OF FRA'S FREIGHT SYSTEMS R&D

BY

A. J. Bang 

P. Olekszyk

Executive Summary

This paper describes the mission, goals and objectives of the Office of 
Freight Systems and briefly summarizes the research, development, test and 
evaluation (RDT&E) activities of the past year. The purpose of the paper is 
to inform the railroad technical community, the public, and other government 
organizations of the federally sponsored research conducted in connection with 
the FRA Improved Rail Freight Service Program.

In performing its mission the Office of . Freight Systems within the Office 
of Research and Development serves the rail community and the public 
through the conduct of RDT&E activities designed to stimulate the advance
ment of rail freight technologies. The Office is organized into two divisions. 
In the Analysis and Evaluation Division there are currently two subprogram 
areas of activity; specifically (1 ) Analysis and Evaluation and (2 ) Rail 
Dynamics Laboratory. In the Freight Service Division there are presently four 
subprogram areas of activity; namely: (1 ) Classification Yard Technology,
(2 ) Equipment Performance Analysis, (3 ) Energy /Environment, and (4 ) Inter- 
modal Systems Technology.

A brief description of each subprogram’s goals and objectives, recent 
accomplishments, and Current project undertakings are presented. Performing 
organizations and industry participation are also cited in the paper.

Selected representative examples of research relating to each subprogram 
area are presented in the following conference papers:

a. Research in Freight. Car Dynamics.
b . FAST Mechanical Equipment Test Results to Date-Future Plans.
c. Rail Dynamics Laboratory—Performance Requirements & Hardware, 

Configuration.
d. Optical ACI— A New Look.
e. Truck Performance-Friction Snubber Force Measurement System.
f. Energy Conservation-Multiple Unit Locomotive Throttle Control.
g . Intermodal Cars—New Developments.

Research results expected to become available within the next year or so 
are also outlined for the reader.



■ ENERGY : c o n s e r v a t io n —m u t ip l e  u n i t  
LOCOMOTIVE THROTTLE CONTROL 

BY
M. E. Jacobs

Executive Summary I

During unit train tests performed on the Burlington Northern and Union 
Pacific railroads, significant fuel savings were realized by using, a semi-auto
matic throttle control device or "fuel saver" system to take one or more units 
of the locomotive, Consist off line when , the available power and tractive effort 
exceeded the demand. This procedure effectively lowered the horsepower per 
ton ratio of the train, improved power management in various terrains, and 
decreased the rate of fuel consumption. A prime ingredient for the effective 
use of such a device , was the operating locomotive engineer and the manner in 
which he handled his train. , .•?, ,

Within each of the, two independent test series,, test comparisons were 
made on the basis of fuel consumed with and without use of the fuel saver in 
trains of similar. Configurations., trailing gross tons, and operating speeds. 
For the particular set of operating conditions tested, the average fuel savings 
reached 12.4% for the unit TOFC train test and 9.8% for the unit coal train 
test at average speeds- of 50 and 25 MPH respectively . The savings in the 
unit coal train test were an average of approximately zero fuel savings re
corded for the loaded coal train and the striking 21.5% fuel savings recorded 
for the unloaded coal train.

In both test series there were significant pattern changes in the histo
grams of throttle position versus time between the data base and fuel saver 
tests. As might be expected, operating:,in fuel save dramatically increased 
the total time accumulated in the more efficient eighth throttle position with 
corresponding decreases in the lower throttle positions . / <

In addition to Changes. in trairi handling strategy, several other trends 
were observed: , ■ -■ i

*  For any particular operating route segment, the fuel savings ranged 
from zero to much greater than 20%.

*  With respect to the motive power, it Was found that there is a 
threshold horsepower per ton assignment at which the fuel saver 
concept can be effectively employed.

*  Long periods of dynamic braking tended to decrease the fuel saver 
effectiveness while undulating terrain and ascending grades tended 
to increase the fuel saver effectiveness.

*  With respect to speed, a potential exists for greater fuel savings 
when using the fuel saver system at increased operating speeds.

Of major importance to those concerned with maintaining scheduled train 
service was the fact that operating in fuel save did not affect travel times or 
average operating speeds. Although there were no difficulties experienced in 
either the lead or trailing units of the locomotive consists, any maintenance or 
mechanical problems which might develop can only be evaluated after ex
tensive usage of the system combined with continual monitoring of the results. 
In light of the potential savings to be accrued, the economic advantage of the 
fuel saver concept can hardly be ignored.



INTERMODAL CARS - NEW DEVELOPMENTS

BY

J. R. Blanchfield

M. A. Kenworthy

Executive Summary

Intermodal railcars used for piggyback trailer and container transporta
tion are becoming the subject of increasing design interest in response to a 
recognized need to improve efficiency and to provide superior levels of ser
vice. Although the optimal piggyback railcar design requirements will not be 
defined until the FRA's Intermodal Systems Engineering Program has been 
completed, work in the private sector is underway to investigate and test a 
variety of new railcar ideas and concepts. From these designs it is apparent 
that two common goals are the reduction of weight and aerodynamic drag. 
The ride quality and dynamic stability characteristics of lighter weight Cars 
are key issues which are being investigated. The importance of good ride 
quality is a result of the type of cargo to be carried in the trailers. High 
value manufactured goods are fragile by nature and cannot be subjected to 
harmfully high levels of vibration during transportation. Rail car stability, 
especially the avoidance of truck hunting at speeds above 50 miles per hour 
must be achieved; not only to protect the cargo from vibration, but also to 
minimize wheel and rail wear and the chances of derailment. This paper 
describes the features of several new intermodal railcar concepts. It*- also 
reports on a cooperative government industry test program designed to quan
titatively define and measure the ride vibration characteristics of current and 
experimental intermodal flatcars. Under the program, the procedures, equip
ment and analytical techniques suitable for evaluating car performance under 
both controlled test and actual service conditions were developed and success
fully employed. Preliminary results indicate that substantial weight savings 
can be achieved without adversely affecting, ride quality or dynamic stability.

iii



; OPTICAL ACl' -Z A  n e w  LOOK •' 

BY

R. L. Wiseman
H. C,, Ingrao

W. F. Cracker

Executive Summary.

When Automatic Car Identification (A C I) was introduced over a .decade 
ago, it was considered to be a major breakthrough for improving railroad 
service, operating efficiency, and car utilization; the Nation's railroads, 
however, have recently been reconsidering its continued use. This .paper 
describes a research program undertaken to provide the railroad industry 
with quantification of the potential for improvement of its Optical ACI (O AC I) 
system. The program involves the studies of car presence detectors, perfor
mance and cost improvements to the OACI scanner system, an analysis of 
OACI label properties and label life, and a model to evaluate various car 
identification enhancement alternatives.

The research effort is intended to specify the means for obtaining in
creased OACI system accuracy at lower costs. The major part of the effort 
addressed the improvements possible through the use of advanced technology 
to design, build, and test pre-prototype hardware, and to develop a "firm'' 
specification of the scanner system performance limit. ’

Recent results of this research clearly indicate that significant improve* 
ment in the OACI scanner system performance and costs are achievable. 
Laboratory tests indicate that the scanner system readability accuracy with 
the existing labels can be increased at least 6% from its nominal value of 
88%-91%. This increase is obtainable through the use of charge-coupled 
devices and micro-processors which also enable a 40% reduction in the initial 
scanner system, purchase costs and a 33% reduction in yearly maintenance 
costs. This fully modified scanner system will have a readability of 94-97% 
with a reduction in initial purchase costs from the range of $40,000-$54,000 
down to $27,000. The scanner system yearly maintenance costs would also be 
reduced by $1700 per year, yeilding a $3400 yearly cost including wheel sensor 
maintenance. Alternatively, a scanner system performance of 92 to .95% is 
achievable. Through a $4500 field retrofit cost for a more modest modification; 
however, maintenance costs would not be improved.

The program also resulted in an assessment of the underlying causes, for 
label deterioration and a label life estimate. A number of non-reversible 
cause of OACI module degradation over the years is the change in physical 
properties of the upper layer of Scotchlite due to solar radiation. Also, a 
reversible cause of OACI standard module degration is the loss of . gloss of the 
module surface due to the natural environment or to abrasion. This loss of 
gloss can be corrected by maintenance or module redesign . Data from, two 
sources (the label material manufacturer and the Canadian National Railways) 
leads to a 17 year estimate for the label's operational life.: In the area of 
extending label life, TEFLON overlay on the modules is completely effective ill 
protecting the Scotchlite base material. Also, it has been determined that 
labels of new design using materials not affected by solar radiation and; Opti
cally matched to the scanner can be readily developed.



A number of new capabilities for the improved OACI scanner system are 
also described. A users' guide for an OACI, evaluation model is also identi
fied. In sum, the research results from this program will assist the industry 
in its determination on any future investment in ACI.



TRUfcK PERFORMANCE — FRICTION 
SNUBBER FORCE MEASUREMENT SYSTEM

BY
G. R. Fay

K. L. Cappel

Executive Summary

In seeking to improve railroad productivity through the improvement of 
equipment performance, a great deal of emphasis in the Freight Service, Divi
sion of the Office of Freight Systems R&D has been placed on the character
ization and improvement of the performance of the three-piece, friction snub
bed, freightcar truck.

In 1974, the Federal Railroad Administration awarded a contract to the 
Southern Pacific Transportation Company for the performance of Phase I of 
the Truck Design Optimization Project (TDOP) which had the objective of 
quantitatively characterizing the performance of this general purpose 
freightcar truck. The data generated from this project can be used as q 
base for the evaluation of new or modified designs aimed at improving such 
performance parameters as ride quality, lateral stability, and curve 
negotiation.

TDOP Phase I instrumented the American Steel Foundries "Ride Control" 
truck, with constant snubbing friction, and the Barber S-2 truck, with load 
dependent snubbing friction, to measure accelerations, normal contact forces 
at the roller bearing adapters and relative linear and angular displacements 
between the side frames and bolster. Relative rotation between truck and 
carbody bolsters, was also measured., It quickly became apparent during 
testing that instrumentation was not available to measure the forces trans
mitted through the spring loaded friction shoes or wedges between the side 
frames and bolster. While the forces were calculable, it was clear that this 
approach would be cumbersome and expensive in computer time. Therefore, 
in November 1974, a preliminary design concept of a transducer system to 
directly measure these forces was submitted by Wyle Laboratories.

The resulting assembly contains five force blocks capable of measuring 
two of the three moments applied by the friction shoes. Space limitations in 
the side frames precluded a transducer configuration capable of measuring a 
yaw movement, however, the increased column load due to yaw can be mea
sured. Friction Snubber Force Measurement Systems have been installed in 
the side frames of both the Ride Control truck and the Barber S -2 . To be 
capable of running across the country under cars in revenue service, the 
modified, instrumented trucks had to be able to withstand normal shock loads, 
resulting in stresses below the fatigue limit as specified in AAR M -203-65. 
Therefore, all side frames were modified, properly reinforced, stress re
lieved, and stress tested to assure compliance.

Calibration tests were conducted on the Friction Snubber Force Measure
ment System to demonstrate performance of the transducers in the truck 
under some simulated operating conditions without reproducing all aspects of 
the rail environment. Full scale tests are planned as part of TDOP Phase II 
recently awarded to Wyle Laboratories, Colorado Springs Division. 
Acquisition of these data will aid in the validation of mathematical simulation 
of truck performance, will complete the characterization of the general pur
pose freight car trucks, and will provide a technical baseline for the eval
uation of special purpose trucks to be accomplished in Phase II TDOP.



RESEARCH IN FREIGHT CAR DYNAMICS 

BY

N. T. Tsai 
' E. H. Law

N. K. Cooperrider

Executive Summary

The research work reported here is conducted by the Clemson and 
Arizona State Universities under sponsorship of the Federal Railroad Adminis
tration. The objective of the project is to develop analytical tools and tech
niques, to analyze the dynamic behavior of railroad freight cars. The models 
and analytical techniques developed can be used to determine the causes of 
undesirable freight car dynamic behavior that contribute to vehicle derail
ment, damaged lading and the premature failure of track and vehicle com
ponents.

The approach used in this program is an integrated analytical experimen
tal evaluation approach, involving, theoretical modeling, correlation or valida
tion o f models and analysis of the model behavior. Numerical techniques were 
developed to deal with arbitrary wheel and rail head profiles and other 
non-linear characteristics of rail freight vehicles. Several computer models of 
different complexity have been developed for vehicle behavior on tangent 
track, during curve entry, and in curve negotiation. Together with the 
models, four different methods of solution, namely, linear method,
quasi-linearization method, numerical integration method and hybrid simulation 
method were used. The wide range of theoretical models thus developed are 
intended to meet the requirements of given types or problems such as hunt
ing, forced response, and curving behavior.

Validation techniques were developed to evaluate the numerical models-by 
comparing the results with that of a full scale field test. Some of the inno
vations developed for the rail vehicle test are the application of hydraulic 
excitation system during the test and the random decrement technique in, 
analyzing the test data. The test was planned and carried out by the 
Association of- American Railroads and the Union Pacific Railroad. The 
validation process is in progress.

After validation, the models will be utilized to examine current vehicle 
and track maintenance procedures. The models will be supplied to the rail
road industry for use in evaluating possible modifications of current freight 
car trucks, and in exploring new design concepts.



OVERVIEW OF FRA'S FREIGHT SYSTEMS R & D

BY

A . BANG  

' P. OLEKSZYK

This paper presents an overview  of 
the fre ig h t systems research and de
velopment activ ities in the O ffice of 
Research and Development Federal 
Railroad A dm inistration. I t  describes 
the mission, goals and objectives of 
the Office of F re ig h t Systems and 
b rie fly  summarizes the research,, de
velopm ent, tes t and evaluation a c tiv h  
ties o f the  past y ea r. Also outlined is 
work c u rre n tly  in progress. The p u r
pose of the  paper is to inform the  ra il
road technical community, the public, 
and other government organizations of 
the fed era lly  sponsored research con
ducted in connection with the  FRA Im
proved Rail F re ight Service Program .

IN TR O D U C TIO N  v. , J

The O ffice of F re ig h t Systems was 
established1 in M ay, 1975 as p a rt of an 
overall reorganization of the  Federal 
Railroad Adm inistration (F R A ) research  
and development e ffo r t. The reorgani
zation enabled FRA to respond to the  
rail industries R&D needs. Th ere  was 
at th a t time an emerging awareness 
th a t the Nation's rail system, required  
assistance if  it  was to continue to be 
economically viable and a  s ignificant 
contributor to an e ffic ien t, safe, 
w ell-balanced, and environm entally  
sound national transportation system,

The O ffice o f F re ight Systems w ith 
in the O ffice of Research and Develop
ment (see fig u re  1 ) serves the  rail 
community and th e  public through the  
conduct of research,, development, test 
and evaluation ( RDT&E) activities de
signed to stimulate the advancement of 
rail fre ig h t technologies. In th is conr 
nection, the office mission statement 
reads, "to p lan , implement, sponsor, * 1972

and evaluate fre ig h t railroad research, 
development, and demonstration p ro 
grams designed to improve fre ig h t sys
tems and to serve as the principal 
point of contact fo r such program s." 
This mission statement is fu r th e r  e x 
panded.in  the missions assigned to the  
two divisions w ithin the o ffice .

FIGURE 1. OFFICE OF 
; FREIGHT SYSTEM S-O RG ANIZA TIO N

The Analysis and Evaluation D iv is
ion mission reads, "to p lan , implement 
and sponsor the development o f spec
ialized research facilities and conduct

Arne J. Bane is the Chief.' Freight Service Division, Office of Freight Systems (RSD) for the FRA. He 
received his B.A. (1966) froB San Jose State University; M.S. (1968) in Systems Management, University of 
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Phil Olekszyk has served as the Research Engineer/Division Chief, Office of Freight Systems for the FRA since
1972. He received his BSME from Michigan State, University (1959) and his MBA from Case Western Reserve 
University (1968).  ̂ n



analyses and evaluation programs p e r
taining to rail fre ig h t systems; and 
subsystems". The Fre ight Service  
Division mission is "to conceive, plan, 
promote and implement research and 
development projects designed to fu n c 
tion /as a catalyst and to stimulate 
commercial exploitation of system 
improvements fo r national rail fre ig h t  
service",.
!V vyithin these assigned organizational 

missions, the O ffice of Fre ight 
Systems, in its administration of the  
Improved Rail Fre jght Service  
Program, strives fo r the  implementation 
of research and development th a t 
provides outputs which contribute  to 
two of the FRA goals, namely: ( I )  to
promote and assist development of the  
railroad in d u stry  as an e ffic ien t, 
economically sound, and p riva te ly  
owned national railroad network th a t 
can a ttract th a t share o f - t i ie -m a rk e t  
fo r in terc ity  fre ig h t movement which is 
commensurate With its - inherent 
economic advantages; (2 )  to otherwise  
facilitate ra il transportation 's  
contribution to the  nation's goals, 
including those relating to national 
security , social needs, energy  
conservation,; and environmental pro
tection. ' ;

The Fre ight Systems O ffice p a rtic 
ipates in jo in t governm ent/industry  
cost sharing projects with the  
Association of American Railroads, the  
Railway Progress In s titu te , and ind i
vidual railroads and suppliers. I t  also 
participates in ; international technology 
information exchanges in those areas 
fo r which it  is responsible. In addi
tio n , i t  perform s project management 
functions in. connection with contracted  
research. To extend its technical cap
abilities the office annually establishes 
an agreement to have certain portions 
of its research e ither conducted or 
monitored by personnel of' the  T ra n s 
portation Systems Center (T S C ) in 
Cambridge, M ass., or the T ranspo rta 
tion Test Center (T T C )  in Pueblo, 
Colo. In ter-agency agreements are  
also established with o ther federal 
agencies! fo r the performance of 
research in support' of the program.

; A b rie f description of the activities  
within each division follows. ,

ANALYSIS AND EVALUATION  
D IV IS IO N

The Analysis and Evaluation D iv i
sion is comprised of , two major subpro
gram areas; specifically, ( I) -A n a ly s is  
& Evaluation and (2 )  Rail Dynamics 
Laboratory.

The  goals of the Analysis and 
Evaluation subprogram are: '

o Develop analytical models ' to  des
cribe the  dynamic e ffects  o f ( i )  
the w heel/ra il in terface , (2 )  v a r i
able tru c k  characteristics on the  
performance of rail fre ig h t cars.

o Manage an evaluation program on 
the Facility fo r Accelerated S er
vice Testing (F A S T ) to produce 
results aimed at reduction of-.proH 

- -  curem ent, operating; an d ^ m ain tC n *  
ance : costs of rolling stock and  
tra c k .

o Evaluate available M aintenace-of- 
Way (MOW) equipment in a cooper
ative in d u s try /F R A  project to p ro 
vide data fo r the more e ffec tive  

. allocation : of r  ~fnow .•

Accomplishments in th is area in the  
past year have included the follow ing.

o The initiation of a development 
project with Rutgers U n iv ers ity , 
uhder contract D O T-FR -767-4323, 
to dynamically characterize; th ree  
densities of lading in ' shippers  
comprised of three types of c o rru 
gated board. Also to be inves
tigated will be a single th ree  p ly  
and five  p ly  bag. Lastly ,, a pallet 
th a t is comprised of, an : uncon
strained single high density  ladjng 
in a corrugated shipper wilj be 
characterized. Typical damage to  
be prevented is shown in fig u re  
2 .

o The other significant e ffo r t in 
th is  subprogram is the "F re ig h t  
C ar Vehicle, .Dynamics" research  
project being conducted by Clem- 
sone and Arizona State U n ivers ity . 
A number of interim reports des-
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crib ing  the progress of th is pro
gram have been issued and are 
available through N T IS . They in 
clude: '

(1) Analytical and Experiments 
Determination of Nonlinear 
W heel/ Rail Geometric Con
s tra in ts , December, 1975, PB 
252290

(2 )  General Models fo r Lateral 
S tab ility  Analysis o f Railway 
Freight Vehicles (to  be pub
lished)

(3 )  An Investigation of Rail Car 
Model Validation (to  be pub
lished)

(4 )  , Linear Analysis Model fo r
Railway Fre ight Cars (to  be 
published)

(5 )  Nonlinear Analysis Models fo r  
Railway Fre ight Cars (to  be 
published)

(6 )  Field Test and Validation of 
Railway Fre ight Car Models, 
(to  be published)

(7 )  Users Manual fo r  Asymmetric 
Wheel/Rail Contact C haracter 
ization Program (to  be pub
lished)

(8 )  Users Manual fo r Kalkers 
Simplified Theory  of Rolling 
Contact (to  be published)

The cu rren t status of th is  project 
will be presented in the accompanying 
paper; .entitled "Research in Fre ight 
C ar Dynamics."

o Within the Analysis and Evaluation 
program only the rolling stock 
portion of the FAST program is 
addressed; the tra c k  portion is 
covered in ‘the Improved T rack  
Structures program which is the  

: responsibility of another office 
within OR&D. To date , the track  
s tru c tu re  has accumulated over 
I0Q MGT and the rolling stock has 
seen an average of over 60,000

miles: The recent status of. this
‘project will be p resented . in the ac
companying paper en titled , "FAST, 
Mechanical Equipment. Test Results 
to Date Future P lans."

o A t the time of th is  w r i t in g /a  re 
quest fo r a MOW Equipment Eval
uation Plan proposal has b,ee‘n is -1 
sued. The proposals receivSd/jaFe 
undergoing review to sefett'^ .a 

. contractor who w ill:

( I )  Develop a s tructure  ( e .g . ,
indices of m erit, equipment 
perform ance, e tc .)  fo r the  
purposes of evaluating and 
analyzing existing or protb-; 
type  MOW equipment not 
cu rren tly  used by American 

' railroads.

(2 ) Develop a procedure whereby; 
items selected in step ( I )  can 
be evaluated.

(3 ) F inally , develop a procedure1 
th a t outlines the necessary 
planning steps, schedules, 
documents and representative  
agreements or contracts that 
will allow testing of MOW 
equipment in an operational 
railroad environm ent.

FIGURE 2. EXAMPLE 
OF LADING PROBLEM BEING  

. IN V ES TIG A TE D ’
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The goal of the Rail Dynamics 
Laboratory (R D L ) subprogram is to:

o Provide a fa c ility  to perform  tests  
of fu ll scale railroad and tra n s it 

"vehicles under controlled labora
to ry  conditions.

The  RDL is expected to be o p eratio n -  
al at the beginning of 1978 and will be 
capable of investigating problems asso
ciated with:

o Suspension Characteristics

o Rock and Roll

o Component Stress

o Component and Vehicle Natural 
Frequencies

o Analytical Model Validation  

o Adhesion 

o Ride Comfort 

o Acceleration 

o Braking  

o Lading Response 

o Hunting

The cu rren t status of th is  program  
will be presented in the  accompanying 
paper entitled "RDL T est P lanning, 
Scheduling, and B udgeting ."

FREIGHT SERVICE D IV IS IO N

In t h e , F re ight Service Division 
th ere  are four subprogram areas of 
RDT&E a c tiv ity , njamely: ( I )  C lassifi
cation Yard Technology, (2 )  Equipment 
Performance Analysis, (3 )  E n erg y /E n - 
vironm ent, and (4 )  Intermodal Systems 
Technology. A b rie f description of 
each subprogram area, its recent 
a c tiv ity , and cu rren t undertakings, 
follows.

In the Classification Y ard  Technol
ogy area the major program objectives 
are to:

o Develop technologies th a t will sub

stantia lly  reduce car ^delays in 
.y a r d s ,

o Q uantify  areas where yard  im
provements are feasible and de
s irab le ,

o Evaluate components and systems 
th a t will improve efficiency in 
yards; and

o Im p ro ve . the effectiveness of ra il
road communication and control 
system s.

Accomplishments in th is area in the  
past year have included the following':'^'

o Technical reports relating, to o p ti
cal automatic car identification  
(A C I)  were provided to the indus
t r y  in M ay, 1976 and June, 1977. 
These reports provided the tech 
nical data needed to assess the

> c u rren t in d u stry  standard ACI 
system. The latest reports des-

, cribe options to increase the label 
readab ility  performance of the  op
tical scanner system to 97% from  
the . c u rren t level of 80% and in 
dicates a potential label’ life  o f  17 
years .

o A rep o rt en titled , "Railroad Class
ification Yard  Technology; A S u r
vey  and Assessment" became 
available to the in dustry  and 
public in January , 1977. T h e  re 
port identified  technical areas th a t 
will provide the highest payoffs  
fo r upgraded or new yard s . It  
also provided an inventory o f  the  
yard  population in the U .S . and 
indicated th a t some 200 new or 
major reworked classification yard  
projects, can be projected in the  
n ext 25 years . The report is 
available from the National T ech n i
c a l Information Service (N T IS )  
S p rin g fie ld , V A .,  22161, under 
Accession Number PB '264051.

o A "Research Plan fo r EMC (E lec 
trom agnetic Com patibility) S tudy  
of the  Communication and Control 
Systems in a Railroad Classifica
tion Y ard" was provided to in te r 
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ested parties in th e  industry  in 
June 1977. The  plan; includes 
provisions fo r the participation of 
th ree  railroads t (Santa  Fe> South
e rn , RF&P) in fie ld  tests'; and: fo r  
coordination of . th e  project 
th  rough the i nductive  I n te r fe r -  
ence Committee, Communication 
and Signal Section, Association o f 
American Railroads. Th is  work is 
being performed fo r th e  FRA by  
the Departm ent o f Defense :Elec
tromagnetic Com patibility Analysis 
C enter, a t Annapolis, M aryland.

Representative o f RTD&E in thjs  
program area is th e  accompanying' 
paper, "Optical A C I—  A New Look". 
T h e  new and continuing w ork under
way at th is time includes: - - y

0 In addition :to > the  yard, EMC 
study previously mentioned, this  
work area has, , a t th e  request of 
in d u s try , been expanded to 
Jncluqe^tlifcB EMC/EMI impact of 
railroad f  ' e lectrification; ; - The  
research plan fo r th is  expanded 
e ffo rt is now in the  form ative  
stage and, is expected to result in  
a report o f the  research . findings  
in spring 1978. The rep o rt will 
contain a characterization of the  
yard 's  EM environm ent, aid in the  
understanding of existing  
equipment ^ ; compatibiI ity> ;; ; and 
provide ; recommendations \  fo r  
improvements. , The rep o rt will 
indicate a recommended testing  
methodology fo r  determ ining the  
potential impact o f  e lectrification  
on C&S equipment and the  
surrounding environm ent. •

o A feasib ility  study of a lternatives  
in car speed control in Classifi
cation yards has been in itia ted . ; 
This competitive procurem ent will, 
produce a ’ technical re p o rt /id e n tic  : 
fy in g  and recommending thq itjqst ; 
promising concepts fo r  fu r th e r  ; 
development. • . '

o A fte r  concluding . the  , laboratory  
verification (see fig u re  3 ) of o p ti-.

. Cal. A C ls c a n n e r s y s te m im p r o y e -  : 
ments, fo u r final technical re^

; ports will be made available to  the  
. in d u s try . This research was be

gun in cooperation with the .Re
s e a rc h  and T es t Departm ent, AAR 

j arid the  Rolling Stock Committee 
of, the Railway Progress In s titu te .

FIGURE 3. TSC LABORATORY  
SETUP FOR TESTIN G  OACI 

SCANNER SYSTEM  
IMPROVEMENTS

o As a resu lt of the previously men
tioned yard  survey and assess
ment, a contract has been awarded 
to the  Stanford Research Institu te  
to develop a yard  design meth
odology. Th is  m u lti-year, m ulti- 
phased pro ject, which began in 
A pril 1977, will resu lt in interim  
technical reports on each phase 
of development and ultimately, in a 
design methodology handbook fo r  
use by the in d u s try . Th is  work  
is being coordinated with the Yard  
and Term inals Committee o f the  
American Railway Engineering  
Association (A R E A ) which has es
tablished a special liaison subcom
mittee fo r  th is  purpose.

In general, all RDT&E activities  
associated w ith the  electrical engineer
ing discipline as i t  relates to rail 
fre ig h t service are handled in th is  
subprogram area.

In the Equipment Performance 
Analysis area the  major program objec
tives are to:
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o Increase railroad p ro fita b ility  
through the reduction o f lading  
damage which can be a ttr ib u te d  to 
dynamic phenomena associated with  
rolling stock suspension systems.

' o Develop those technologies th a t 
will help to reduce costs Occur
ring from the wear and m ainten
ance of rail vehicle components.

T b -Q u an tify  the information neces
sary to provide economic-based 
performance data and specifica
tions upon which sound in ves t
ment decisions may be reached.

o Improve tra in  handling and make
up times where system components 
are the limiting factor.

' ’ 'h--, ‘ . ' . •, • , * •

Accomplishments in this area in the  
past year have included the following:

o Ten reports on tes t philosophy, 
measurements and economic analy - 

£ sis pertaining to Phase I of the  
7 T ru c k  Design Optimization Project 

(T D O P ) were made available to 
in d u stry . In addition, some 209 
magnetic data tapes containing  
actual field test measurements 
were made available through  
NT IS . ; ,

0 Two assessments of opportunities  
fo r technical innovation, one in

1 braking and one in coupling, were 
completed. The reports of  th is  
-work are being finalized and will 
be made available to the in d u stry  
and public in Spring 1978. The  
coupling work was coordinated with  
the AAR Advanced Coupler r.Gon-- 
cepts Program while th e 1 braking  
e ffo rt was coordinated w ith the  
AAR Brake Equipment Committee.

6 Completion of the development of 
a fric tion  snubber force measure
ment system. This is th e  subject 
of an accompanying p ap er, "T ru ck  
Performance -■+ Friction Snubber 
Force Measurement System" and is 
representative of our RDT&E 
efforts  in this program area.

With respect to new and continuing

work in’ the  area of equipment 
perform ance, the  following is char^ 
acteristic .

o The most s ign ificant activ ity  will 
include the continuance of TDOP 
with the award of the Phase 11 
contract to Wyle Laboratories. 
This phase of TDOP concerns i t 
self p rim arily  w ith the Type I I ,  
Special Purpose tru c k  but will also 
encompass some Type I ,  General 
Purpose tru c k  testing as indicated 
below. As in Phase I ,  a ra ilroad, 
in this case the Union Pacific, will 
provide, as a subcontractor to 
Wyle, the  necessary facilities fo r  
the conduct of fie ld  testing . 
Also, as was done in Phase I ,  in 
d u stry  consultants representing  
various viewpoints and areas of 
expertise will be employed, and 
close coordination of project .de
velopments will be effected be
tween TDOP and the T ra c k -T ra in  
Dynamics Program.

o In lig h t of the  recommendations 
stemming from the previously men
tioned b rak in g , and coupling tech
nology assessments, investigatory  
research will be in itialed in the  
following areas; electropneumatic 
brakes, fric tio n  material versus  
wheel w ear, automatic coupling 
concepts, load sensing devices, 
disc b rakes, and wheel thermal 
capacity. These studies will 
examine both technical and 
economic aspects. Reports will be 
made to in d u stry  as they become 
available.

0 Field testing of the Friction  
Snubber Force Measurement Sys
tem (FSFM S) will be incorporated  
into Phase II of the  TDO P. The  
B arber S2 and ASF Ride Control 
trucks  will be tes ted , loaded and 
unloaded, w ith new and worn f r ic 
tion shoes, on curved and tan 
gent tra c k  using the newly in s tru 
mented side frames (see fig u re
4 ) .  Findings from this work will 
be incorporated into the Phase II 
reports to be published during  
the coming year.

12 .



FIGURE 4. STANDARD  
BARBER S -2  TRUCK  

EQUIPPED W ITH NEW FR ICTIO N  
SNUBBER FORCE

MEASUREMENT SYSTEM (FSFM S).

o Drawing upon our previous work 
done in connection with T O F C / 
COFC aerodynamic drag studies, 
additional testing in the area of 
aerodynamic drag on d iffe ren t 
fre ig h t car configurations will 
take place th is  yea r along with 
the validation of mathematical 
models developed from several 
w ind-tunnel tes ts . The fu ll-scale  
validation of T O F C / COFC wind 
tunnel data is now underway at 
the Transportation  T est C enter. 
Equipment fo r these tests has 
been made available by the T ra ile r  

. T ra in  Company and Trailmobile  
Division of Pullman, Inc . Ensco 
in c .,  supported by B rew er Engin
eering Laboratories, Inc . are the  
contractors fo r  th is  w ork. A re 
port on the  second series of wind 
tunnel tests should be made avail
able approxim ately one year from  
now. The  rep o rt on the fu ll-scale  
validation of TO FC /C O FC  wind 
tunnel data should become avail
able in spring 1978.

in general, those subjects dealing with 
mechanics, dynamics and the  mechanical 
engineering discipline, as related to rail 
fre ig h t service reside' in th is  subpro
gram area.

In the Energy and Environm ent area 
the  major program objectives are to:

o Exploit and improve the inherent 
energy and environmental advan

t a g e s  of the rail mode.

- O; Assist the railroad in d u stry  with
practical guidelines and tes t p ro - 

: cedures contributing  . to overall
. noise abatement and the reduction  
of noxious emissions.

o Develop and demonstrate energy  
conservation, techniques .having 
economic as well as technical p ay- 
o ffs .

o Q uantify  areas where locomotive 
improvements will produce fu r th e r  

; performance efficiencies. ,
- u

Accomplishments in the  past year in 
th is program area have included the  
following: . o x ./,

o An interim  technicaL re p o rt, "Fuel 
Efficiency Improvement in Rail

- F re ig h t Transportation: M ultiple
U nit T h ro ttle  Control to Conserve  
Fuel", December I976 (N T IS

, Accession No. PB 262 470) des
crib ing  prelim inary tes t results  
(see fig u re  5 ) of the  railroad de
veloped "Fuel Saver" device was 
made available. A final rep o rt 
incorporating additional fie ld  tes t 
data will become available in 

, A p ril, 1978. Representative of
work accomplished in- th is program  
area and. related to th is subject is 
the accompanying paper, "Energy  
Conservation—M ultiple Unit^Loco- 
motive T h ro ttle  C o n tro l."  :

o In conjunction w ith ,th e  Intermodal 
Systems Technology subprogram , 
a wind tunnel aerodynamic drag  

, study was completed on T O F C / 
COFC equipm ent. A technical re 
port entitled  "Aerodynamic Forces 
on Fre ig h t T ra in s , Volume I-W ind  
Tunnel Tests o f Containers and 
T ra ile rs  on F la tcars ," December 
1976, was;.made available to the  

’ in d u s try  and public (N T IS  Acces
sion No. PB 264 ,304). T h e  quan
tification of fuel consumption in 
various rail fre ig h t operations, 
including TO FC /C O FC  was also 
concluded. Another technical = re -
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port en titled , "Railroads and the  
Environment-Estimation of Fuel 
Consumption in Rail T ra n s 
portation, Volume 11-Freight S er

v ic e  Measurements," September 
1977, (R eport N o ._F R A /O R D -75 /74 . 

' l l ) ,  is also being made available  
to the industry  and public  

, thrpugh NTIS (Accession PB 273
w~.?5fry.

FIGURE 5. FRA RESEARCH 
ENGINEER LOGGING OPERATIONAL  

DATA DURING REVENUE 
OPERATIONS IN THE  

EVALUATION OF A M ULTIPLE
U N IT  LOCOMOTIVE TH R O TTLE  

CONTROL DEVICE.

o A prelim inary assessment of the  
potential fo r the reduction of 
aerodynamic and mechanical tra in  
resistance including a determ ina
tion of the economic factors in 
volved. A technical re p o rt will 
be made available to the in d u stry  
and public in A pril 1978. Re
commendations fo r fu r th e r  re 
search and suggested alternatives  
will be incorporated in the  rep o rt.

New and continuing research u nder
way at this time includes:

o A contract to the G arre tt  
Corporation to conduct a systems 
analysis and bench test feas ib ility  
study to determine the  potential 
fo r the application of flywheel 
energy storage technology to a 
yard locomotive. The results of 
this analysis will become available  
in November I978.

o Another contract/ to the  G arre tt 
C orporation, to conduct a 
feas ib ility  study on the potential 
fo r applying wayside energy s to r
age technology to line-haul locomo
tives engaged jn grade  
operations; where there  is 
potential fo r ' producing large  
amounts o f recyclable energy  
through dynamic or regenerative  
braking .

o Establishment o f a technical assis
tance agreement with Lawrence 
B erkley Laboratory, a Department 
of Energy National Laboratory  
administered by the U n ivers ity  of 
C aliforn ia, to provide back-up  
support to the overall energy and 
environment program area by con
trib u tin g  expertise  in E&E related  
m atters.

o The research to develop a 
locomotive data acquisition pack
age (L D A P ) has been in itia ted . 
T h js  work is intended to produce 
a research tool th a t can withstand  
the harsh environm ent found in 
o ver-th e -ro ad  locomotive
operations while >co Meeting 
scientific data th a t will provide an 
insight into the potential fo r  
improvements in locomotive 
performance under vary ing  
operating conditions.

o In connection with LDAP, work  
has been in itiated to d efin itize , in 
a magnetic tape file  form at, th ree  
selected tes t route profiles rep re 
sentative o f normal rail fre ig h t  
tran sp o rt operations. Th is  data 
base, augmented with LDAP- 
gathered inform ation, should 
begin to provide the necessary 
knowledge base to augment 
analytical analysis related to 
energy and economic optimization 
of propulsive power.

This program area deals with sub
jects requiring  m ulti-d iscip linary  skills 
related to the  energy and environmen
tal aspects of ra il fre ig h t service.

In the Intermodal Systems 
T  echnology area th e  major program  
objectives are to:
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o Support the rail in d u s try 's  efforts  
to increase its m arket share in 
fre ig h t tran sp o rta tio n , especially 
in high revenue tra ff ic .

o Promote realization o f superior 
levels of service to be achieved 
through an optimized t r u c k /r a l l /  
tru c k  intermodal system.

. o Assist railroads in attainm ent of 
the maximum level of efficiency  
fo r door-to -door movement of in 
te rc ity . fre ig h t th rough fu ll exploi
tation of the rail mode's funda
mental advantages.

o Support achievement o f major im
provements in safety  fo r  the pub
lic, yard  personnel, tra in  crews 
and goods in tra n s it .

D uring the past year activities in 
th is program area have included:

o As noted previously  under the  
energy and environm ent program  
area, completion of a wind tunnel 
TO FC /C O FC  equipm ent aero
dynamic drag characterization  
study and fie ld  measurements Of 
the fuel consumption character
istics associated with dedicated 
TO FC/COFC; tra in s .

o With the cooperation of the A tch i
son, Topeka and Santa Fe Rail
w ay, Pullm an-Standard, T ra ile r  
T ra in , American Steel Founderies, 
and the National Castings Division 
Of M idland-Ross, a functional test 
and mode shape characterization  
was completed on two existing  
lightw eight intermodal cars , name
ly: the  "skeleton car" one of
which had been modified to carry  
tra ile rs ! (see fig u re  6 ) v is -a -v is  
its form er container only configur
ation. Performance of these cars 
was compared to th a t o f a conven
tional a ll-purpose intermodal car 
which served as the base tine. 
To determ ine the influence of wear 
on the parameters measured, the  
cars have thus fa r  been subjected 
to approxim ately 50,000 miles of 
revenue service and, a rerun of

the instrum ented data collection 
tests conducted at the outset of 
the pro ject. F u rth er revenue  
service exposure will continue to
125,000 miles, a t which time 
another instrum ented tes t will be 
conducted. A technical rep o rt on 
this ac tiv ity  will become available  
in August 1978. An accompanying 
paper, "Interm odal C ars--N ew  
Developments," will b rie fly  des
cribe the  tes t procedures, data 
acquisition methodology and- de
velopments in software associated 
with o v er-th e -ro ad  ride vibration  
tes tin g . Th is  paper is considered 
representative  of the RDT&E in, 
the intermodal system technology 
area. - •, -,

FIGURE 6. INSTRUMENTED  
TRAILERS AND "SKELTON CAR" 

ALONG WITH FRA DATA  
A C Q U IS IT IO N  C A R , T -5  

USED IN THE LIGHTW EIGHT  
FLAT CAR EVALUATION

p r o j e c t f h..

New work underw ay includes: !

o In August 1977, the award of two 
parallel contracts fo r the f ir s t  
phase of a comprehensive intermodal 
systems engineering s tudy . The two 
Phase I contractors, Peat, M arw ick, 
Mitchell & Company and A .T .  
Kearney Inc. are expected to bring  
to bear s lig h tly  d iffe re n t philosophi
cal approaches to the broadscope 
initial assessment s tudy. This will 
lead to a Phase 11 e ffo rt to the  
selected contractor fo r performance 
of a more in -dep th  analysis based 
on the selected options from
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the  Phase I performance. Both 
contractors have assembled im
pressive teams to accomplish the  
task at hand. PMM&CO. has 
teamed with R. L. Banks '&  
Associates, Battelle Columbus Lab
oratories , Boeing . Computer S e r- 

' v ices, and Thomas K. D y e r, while  
;i:! (A V ^ .  Kearney has teamed With'', 
^ ^ tfe h b e rt O . Whitten & Associates'. 
‘ "Manci the CM Transportation  Sys

tems D ivision. '  The contractors  
will in terface with an ad hoc 
Intermodal Technical Committee 
which has been established by the  
A A R , O perating-Transporta tion  
General Committee fo r the purpose 
of providing recommendations p e r
taining to technical issues related  

T t8 intermodal systems. Results of 
the six-month Phase I s tu d y  are  
expected to become available in 
A pril 1978. The Phase li e ffo rt  
ishould be completed in June 1979 
and reisult in a prospectus o r In 
termodal System Development Plan 
fo r consideration and use by the  
in d u stry .

o In itiation this month, of an in ves ti
gation into the feas ib ility  o f .d e 
veloping a lightw eight, low -pro file  
TOFC car ' to  relieve the  problem  
of clearance restrictions fo r th is  
ty p e  of tra ff ic , p rinc ipa lly  in the  
northeast. ShOutd such a 
development prove feasib le , the  
design, fabrication and te s t .of 
th ree  prototype cars w ill be 
undertaken.

T h e ' m^jor area o f in te res t in th is  
program’? area - concerns itse lf w ith  
industrial engineering as related to rail 
fre ig h t service.

SUMMARY

. The Office of Fre ight Systems 
manages a diverse RDT&E program to 
promote the continued v ia b ility  o f the  
Nation's railroads. Much of the  
program structure, relates to recent 
publications th a t attempt to defin itize  
the research needs of the in d u s try .

The ava ilab ility  of resources limits 
what can be done; hence, p rio r
ities must be established. In this re 
g a rd , the Office of F re ig h t Systems 
attempts to address princ ipa lly  near- 
term  (in  the normal R&D connotation) 
solutions to persistent problems, w hile, 
at the  same time, keeping an eye to the  
fu tu re , especially where fro n t-en d  de
velopment of the knowledge base is re 
quired fo r sound and tim ely commit
ment to innovation.

Recognizing its own limitations the  
Office of F re ight Systems encourages 
and solicits c ritiq u e  of its program en
deavors. In an e ffo rt to provide a 
forum through which th is  can occur, 
the office seeks a t ie -in  with the ap
propriate  segments of the  rail tra n s 
portation in d u stry  th a t  can relate to 
its various projects. It  is hoped 
th a t the examples given in this  
overview  report re flec t th is phij-; 
osophy.
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ENERGY C O N SER VA TIO N —M ULTIPLE U N IT  LOCOMOTIVE TH R O TTLE  CONTROL

B Y , / '  1 ;

M. E. JACOBS

D uring u n it tra in  tests performed 
on the B urlington N orthern and Union 
Pacific ra ilroads, s ign ificant fuel sav
ings were realized by using a semi
automatic th ro ttle  control device or 
"fuel saver" system to take one or 
tnore units of the  locomotive consist o ff 
line when the available power and tra c 
tive  e ffo rt exceeded the demand. This  
procedure e ffec tive ly  lowered the  
horsepower per "ton ’ ratio of the tra in , 
improved power management, in various  
te rra in s , and decreased the rate of 
fuel consumption. A prime ingred ient 
fo r the e ffective  use of such a device 
was the operating locomotive engineer 
and the  manner in which he handled 
his tra in .

IN TR O D U C TIO N

Reducing fue l consumption in rail 
fre ig h t transporta tion  has become in 
creasing ly cost e ffec tive . As the price  
of diesel fuel continues to spiral up
ward,; substantial investments in. im
proved. locomotive maintenance prac
tices, operating effic iencies, and con
tro l devices to decrease fuel consump
tion have become a necessity.

Recognizing th is  need fo r  increased 
fuel conservation, the Federal Railroad 
Adm inistration sponsored a research, 
study by j .  N . Cetinich entitled Fuel 
Efficiency Improvement in Rail Fre ight 
Transpo rtatio n* .  . This report p re 
sented an excellent discussion of how 
to design tra in  operating policies speci
fica lly  to conserve fuel while contin
uing to provide desired schedule and 
service perform ance. In addition to 
the presentation of an overall operat

ing policy fo r the  rail in d u s try , the  
author discussed nine . items ch arac te r
izing the ideal diesel road locomotive 
from the  standpoint o f fuel e ffic iency . 
A ccord ing ly , the  ideal diesel locomotive 
would:

1. Be easily maintained
2. Have 3000 horsepower
4. Be fo u r axle
5. Be turbocharged w ithout a

parts catcher  ̂ .s
6 . Use low pressure drop en

gine a ir filte rs
7 . Have controllable cooling 

fans and a ir  compressor d is - 
engagable when not needed

8. Have clean c u t-o ff fuel in 
jectors

9. Have a b u ilt- in  control 
logic to automatically take  
individual units in a locomo
tiv e  consist on and o ff lin e .

With respect to the last item , the  
objective o f such a control device  
would be to keep a working tu rb o 
charged consist a t its most e ffic ien t 
seventh or e ighth  th ro ttle  position as 
much of the time as is operationally  
feasible by reducing to number one 
th ro ttle  those units in excess ;Of the  
normal operational requirem ents. Th is  
procedure e ffec tive ly  lowers th e  horse
power per ton ratio  o f the tra in  and 
decreases the  ra te  of fuel consumption. 
In a practical fie ld  application, the  
number one th ro ttle  position is selected 
in preference to the  idle position in 
order to maintain the  dynamic brake  
capability  o f the units selected fo r  
th ro ttle  reductio n . . Because of th e

♦Available from th e  National Technical 
Information Service; S p rin g fie ld , V A . 
22161; NO. PB 250673.

Marilynne E . Jacobs has served as Research Engineer in  Mechanical Systems, Office of Freight System (R&D) 
for the FRA since 1976. She received her BSME (1968), University of Delaware; and her MSME (1972) - 
Mechanical Engineering, Fa irle ig h  Dickinson U niversity.
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principles involved in using the  control 
device, a decrease in fuel consumption 
can be. expected fo r those tra ins, oper
ating on level grades, on lesser uphill 
grades, and on lengthy downhill runs  
where the number of operational units  
in -th e  locomotive consist is most like ly  
to exceed the  power requirem ents.

% FIGU R E " FUEL SAVER
: SET UP SW ITCH" ON ! ^
LOCOMOTIVE ISO LA TIO N

p a n e l  ; ",

f irs t; tes t series, conducted on the  
B urlington N o rth ern , fp u r turbocharged  
SQ ;4tf-? ^locomotives^ p u jje d ;; a; plow, 

v r  heavy 1 4 ,000-ton 110 car u n it coal tra in  
FIGURE 1. FUEL SAVER across the  predom inantly Ie v e l6 8 2  miles

CONTROL BOX ON . LOCOMOTlV £ betw een. Lincoln; N e b r ; , : and * M etro-
C O N TR O L STAND : ' polis, IM ., a t an average speed of 25

MPH. Th is  was ih m a r  ked contrast to
The objective of th is paper is to 

q u antify  the  actual fuel savings re su lt
ing from the, usage of one such d e v ic e  
in an operating locomotive consist. 
Commonly re fe rred  to as the  " fu e l  
saver" system, the  device itse lf is 
amazingly s im p le ., I t  consists o f a con
tro l box mounted on the  control stand  
in the lead u n it of the consist (f ig u re
1) and a "fuel saver set up switch" 
located on the isolation panel of each 
u n it in the consist (f ig u re  2 ) .

The eleptrical w iring is accomplished 
through tyvo available pins in the jump 
cable between the individual loco
motives. . I t  should be emphasized th a t  
the  locomotive remote control capability  
o f the system functions through the  
interconnecting jump cables of the  con
sist and is not radio frequency con
tro lled .

TE S T DESCRIPTION

The two tes t series presented In  
th is  paper, Table 1 and Table 2 , in 
volved two d is tin ctly  d iffe re n t tra in  
configuratiPns operating in two d is tinc 
t ly  d iffe re n t rail environm ents. In the

thejpecond ?test, a high d r ib r i ty  "Super 
Van" TO FC tra in  o f the  Union Pacific. 
Powered by two EMD DD 40's and one 
SD 40-2 fo r a totaI of 16 ,2001hp, the  
2 ,500-ton 30 car S uper Van reached an 
average --s.piepd'''of,/50VMP:H’'';'in spite of 
the  extrem ely variab le  and somewhat 
mountainous l ,519 mile te rra in  between 
North P la tte , N e b r. ,  a,nd Los Angeles, 
C alif.- The advantages of testing  dedi
cated. u n it tra in s  operating between 
points; A and B were th e  predictable , 
operating Speeds and the  re la tive ly  con
stant tra ilin g  gross tons and number 
of cars per tra in . T h is  typ e  of tes t 
effec tive ly  eliminated the  th re e  most 
predominant variables encountered jn 
testing manifest fre ig h t locomptive con
s is ts ; speed, tra ilin g  gross to n s , and 
number o f cars . >

Fbr both the BN and UP tes t series, 
one round tr ip  was Conducted w ith the  
fuel saver system "off" as a control or 
data base ( D . B . ) tes t and one round  
t r ip  was conducted; yvith/the fu e l saver 
system "bn" designated in the data  
anal ysis as th e  fuel,, sayer (  F S . .) te s t . 
The accumulated mileage per round tr ip  
totaled an impressive 1 ,364 miles fo r
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11 OPERATING GOKDITICIB* -
LOADED COAL TRAIN 
TEST ZONES 1 TO 6

.INL0ADED GOAL TRAIN 
TEST-ZONES 6 TO 1 ; ;

D.B.TES1 F.S.TEST 4 DIFF. D.B. TEST F.S. TEST 4 diff:

1. TOTAL,1c (SO 40*2, FOUR)** 12000 12000 12000 12000 . ->-■

2. UMBER OF COAL CMS 110 ■ 110 110' • 110 *
3. SCALE WEIGHT OF CARS, TCMS 14,368 13,958 - 2.8 .3370 ' 3375 * 0.1 •
4. AVER. CABOOSE WIT, TOG 27. •27 ! 1 27 • 27.
S. TRAILING GROSS TOG. TCT ' 14,395 13,985 - 2.8 3397 S402 • ♦ 0.1
6. ic/TGr .83 .06 ♦ 3.6 <3. S3 • 3.53
7.. MILES TRAVELED ' 682.1 682.1 - 682,1 682.1 ’
8. « TOT.' MIIES/CRAXE RANH • -
a. LEVEL 0 A 0.494 79.4 79.5
h- 0-M * 0.704 9.5 6.2

• 0.71 - 1.S0I- 0.9 1. 7
1.51 - 2.504 0.0 0.0

c. DESCENT 0.50 - 0.704 8.3 9.2
0.71 1.504 1.9 1.4
1.S1 2.504 0.0 . 0.0

9. TOTAL TIKE IN K3TI0N, HR. 27.90 29.IS ♦ 4.5 .27.54 23.90 - 13.2

10. AVER. SPEED, tCH 24.4 23.4 * 4.1 24.8 28.5 ♦ 14.9

11. NUMBER OF CRBG 6 6 6 ' ’ 6 ‘ 0

12. UMBER CP STOPS 31 27 -12.9 32 31 - 3.1

13. AVER. 4 TOC IN FUEL SAVE

14. AVER. 4 TIKE/THROTTLE NO.
4. IDLE (IN MOTION) 8.0 9.0 ♦12.5 6.1 7.2 ♦ 18.0b. THROTTLE 11 7.7 10.7 •39.0 12.5 8.1 • 35.2C. THROmJB 92 13.9 7.0’ -4916 20.0 6.2 • 69.0d. THROTTLE 43 12.4 6.3 -49.2 11.7 S.2 - 5S.S0. THROTTLE 64 10.7 4.6 -57,0 13.1 7.4 - 43.5
f. THROTTLE #5 10.1 6.9 -31.7 9.5 5.8 - 38.96. THROTTLE #6 7.5 ’ S.7 -24.0 5.5 5.4 - 1.8E. THROTTLE 67 4.3 4.7 ♦ 9.3 5.0 7.7 ♦ 54.01. THROTTLE 68 25.4 45.1 ♦77.6 16.6 47.0 ♦183.0

IS. REL GOGUCTICN, GALS. 7566 7700 ♦ 1.8 6278 4927 - 21.5 •
16. TGIM/GAL. 1297.B 1238.8 - 4.S 369.1 471.0 ♦ 27.6
17. GAL./1000 TGIN 0.77 0.81 ♦ 5.2 2.71 2.12 - 21.8

• TEST DATES: FEB. 14*22, 1977 •• SMC UXOOT1VE CONSIST TOR ALL TESTS IMCCKPLEIE BATA

ITERATING CWDITICNS
' WESTBOUO . 

TEST TOCS 1 TO 8
KSTHUffi 

TEST TOCS 1,2,(4
EASTECUO 

TEST 2<KS 1,2,14
'D.B. TEST F.S. TEST 1 DIPT. D.8l TEST F.S.TEST t DIFF. D.B. TEST F.S.TEST 1 OIFF

1. TOTAL KP' 16,200 16,200 16,100 16,200 16.200 16,200
2. TRAP HUE UP

». IAUB) CARS 
b. QCTT ORS ; 

- e. TtTC CARS
34
l- * 

ALL RJT 3
31*
2

ALL
34
1

ill mr s
32
2

ALL
46
1ALL HIT 6

31(21803)
210

S. AV®. CABOOSE ST., TOC 27 27 27 27 27 27 . ,  .
«. Thai UK cross m s, tct 2S01 2500* 0.0 2301 2627 • 4.0 3213 • ms •2.4
s.‘ »/Tcr 6.48 6.48 0.0 6.48 6.17 • 4.8 S.01 3.13 •2.4
6. MILES TRAVELED 1S19 1319 "605“ 60S 605 60S
7. TOTAL TPC IN KJTIOf, W. 31.38 29.70 - S.4 11.70 11.21 * 4.2 11.03 11.36 ♦ 3.0
*. Aya.sFm>, hh 48.8 Sl.S • S.6 SI.9 34.3 ♦ 4.9 35.3 S3.4 - 3.S
9. MMZR Of OtDS 8 8 3 3 3 3

10. MMSn CF STOPS 8 9 3 4 3 4
U. AVBt. 1 TOE Di nra. SAVE

0
47.4

0
0
0 S9.7

0
0

0.0
55.6
60.7

a. 1£AJ) HUES III IT
b. 380 POSE* UNIT 
C. 4th,Sth fOCR LOTTS

u - AVER. l-TWE/IHOTrU HO.
30.3
4.1
6.4
8.5
8.6
9.6
9.6 

22.9

42.9' 
3.S ,
3.4
3.5 
2.8 
4.1
7.5 

32.3

♦41.6
•14.6
•46.9
•38,1
•67.4
•S7.3
•21.9
♦41.0

23.3
3.0 
S.2

10.6
S.6
7.1 

U.2 
31.6

23.0
3.3 
6.S
6.33.4 
S.9 
9.2

42.4

- 2.1 
•34.0 
*2S;0 
•40.6 
-41.4 
•16.9 
•17.8 
•34.2

25.6 
’ 3.3 

6.3
9.2
7.3 

13.3
9.7

25.1

26.4 
• 3.7

3.0
3.0 
7.7
6.1 
5.5

44.6

♦ 3.1 
•22.1 
-S2.4 
-67.4
• S.S 
-S4.I 
•43.3 
♦77.7

a. c-trm. taw , in£
b. Twomc» 2 .c. mom* i, id. TWOTOE 1 4 
«. THJJITLE « S

- t. THOTILE » 6 
| .  THOTTLE 
b. THOITO I 8

13 HEL OKaMTKW, GAL.»«§ 12,MS' 10,641 •12.4 3274 .4491 •14.9 4627 4240 - 8.2

1* TCTWGAL |  ' 312.8 3S6.9 ♦14.1 266.9 333.9 ♦23.3 423.6 450.2 ♦ 6.3
IS GA1/1000 TCIM 2 3.20 2.80 •12.3 3.49 2.83 -18.9 2.J6 2.22 - S.9

■ AVERKZ: CAR QOUNX AT MID TUP POINT.
•• 152 a n  not seochej '

WSJB1I® thcuiies .s k  cejuvid data

TABLE 2. UP U N IT  TOFC  
TR A IN  SUMMARY OF FUEL 

SAVER TE S T RESULTS

TABLE 1. BN U N IT  COAL TR A IN  
SUMMARY OF FUEL SAVER  

T E S T RESULTS

the BN u n it coal tra in  and s ligh tly  
double th a t or 3 ,038 miles fo r the  UP 
u n it TO FC tra in . The BN u n it coal 
tra in  tes t series actually  comprised two 
tes ts . For the outbound leg , the  coal 
tra in  was loaded. A fte r  dumping the  
coaj a t the end point of M etropolis, the  
tra in  re tu rned  on the  inbound leg 
em pty. All testing  proceeded w ithin  
the normal operational fram ework of 
each ra ilroad .

Scale weighing both th e  coal and 
the; cars insured less than a 3% v a ria 
tion in tra ilin g  loads per te s t, fo r  the  
loaded u n it coal t ra in . How ever, such 
inform ation was not read ily  available  
fo r  -the u n it TOFC tra in s . Instead, the  
gross tons p er car were determ ined by 
adding the ta re  weight to the estimated 
tra ile r  plus lading w eight supplied by  
the sh ipper. As noted in Table 2 , the  
UP west dr outbound TOFC fuel saver 
tes t fo r  zones #1 through #8 included 
an average value fo r both the number

of cars and the  total tra ilin g  gross tons 
due to a bad order car exchange at 
the mid tr ip  po in t. The  number of 
cars varied by one and the tons varied  
from 2,372 to 2 ,627 fo r an average of
2,500 tons.

The te s t param eters recorded via 
tr ip  logs and analog ch art recorders  
included the following:

*  Times
*  Milesposts
*  Fuel consumption per locomotive
*  Refueling readings at trackside fu e l

ing racks
*  T h ro ttle  position vs . time
*  Speed vs . time
*  Average % time in fuel save per lo

comotive
*  Number of crew changes and stops
*  Fuel oil tem perature (pum p-up and 

re tu rn ) ,  °F
* . Lube oil tem perature  at the oil 

pump, °F
*  Traction motor exhaust a ir tem per

a tu re , °F (B N  o n ly )
*  A lte rnator c u rre n t vs . time (BN  

only)
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*  :Spectbgraphic lube oil analysis (BN  
o n ly ) . ,

*  Lube oil additions (BN o n ly ).

...To .aid in the  subsequent analysis, 
the above data was supplemented with  
tra c k  p ro files, tra c k  diagram s, and 
mileage tables. All speeds, tem pera
tu re s , th ro ttle  positions, and a lternator 
currents  were recorded fo r th e  lead 
Ioconri0.ti.ve only. In addition, a set 
numeric .order fo r manually recording  
all o ther p ertin en t locomotive data was 
established and adhered to throughout 
th e : tests;

: The locomotives assigned to both 
tost consists had all been screened fo r  
potential problems in reg u larly  sche
du led; 15 or 30 day inspections ju s t 
p rio r ft©; tes tin g . Hence th e ir  p e rfo r
mance, .characteristics and fuel e ffic ien 
cies: were considered to be typical of 
the  average locomotive operating under 
similar conditions. The designated lead 
and tra ilin g  power units never varied  
from one tes t to the next and were set 
up to operate in the fuel save mode 
e ith er ind ividually  or in 'a  preset com
bination. Although all SD 40-2 locomo
tives could be operated independently  
in fuel save, both power units of the  
6,600 hp DD 40 were wired to sim ultan
eously reduce power when in fuel save. 
In th is  case, th e  DD 40 represents a 
special class of locomotive. The  deci
sion to monitor the two power plants 
as a single un it was based on the p re 
vailing route profile  grades and the  
re la tive ly  high tra c k  speeds.

To^record diesel fuel consumption to 
the nearest gallon, two calibrated, volu
metric flow meters were installed in 
each of; the fo u r locomotives of the BN 
u n it cpal tra in  and in each of the five  
power plants of the  th ree  locomotive 
UP un it TOFC tra in . The d ifference  
in meter readings between the supply  
line and, the re tu rn  line to th e  fuel 
tank  indicated the fuel consumed per 
locomotive. The meter readings were 
recorded manually at the end of each 
tes t zone as well as fo r any delay en
countered. Because of the number of 
Crew changes per tes t and the  impor
tance of the locomotive engineer in 
evaluating the performance of the fuel 
saver system, a tes t zone was defined

as th a t distance traveled  before a crew  
change occurred;

In addition to the  on-board m eters, 
trackside. tan k  refueling readings were  
also recorded , where p o ss ib le ,. to de
term ine a com parability fac to r between 
the on-board meter readings and the  
q u an tity  of fuel supplies to each fuel 
ta n k . For the  purpose of these tes ts , 
th e  BN installed in the  pump line of 
th e ir  refueling  racks an accurate high  
volume flow meter calibrated by the  
Nebraska Bureau of Weights and Mea
sures. The most recent calibration  
dates of the  UP trackside  refueling  
meters were not known, bu t the  meters 
themselves were less than a year and a 
half old.

As an indicator of the variation in 
tra in  handling techniques w ith and 
w ithout use of the fuel saver system / 
th ro ttle  positions versus time were re 
corded continuously on the BN tests  
and a t d iscrete time in tervals  on the  
UP tests using a m illivolt versus time 
recorder w ired to the various solenoid 
valve combinations.

In the  course of each tes t i t  was 
found th a t the on-board locomotive 
speed recorders were considerably in 
accurate fo r  speeds less than 20 MPH 
and g rea te r than 35 MPH. Standard  
procedure per crew change involved  
calib rating  th e  speed recorder w ith  
w ristw atch and milepost to correlate  
indicated recorder speed w ith the  
actual tra c k  speed. T h e re fo re , it  was 
not possible to continuously monitor 
speed versus distance as a means of 
com parability between any data base 
and fuel saver tes t series. Instead, 
average tr ip  times in motion per crew  
change were calculated by matching 
the s ta rt and end times per crew  
change with the analog brush charts  
recording locomotive th ro ttle  positions 
versus tim e. The average operating  
speeds per tes t zone were then calcu
lated by d iv id ing  the known distance  
traveled  by the total tes t time the tra in  
was moving.

To accurately record the  desired  
tem peratures , all of the iron-constan- 
tan thermocouple leads were checked 
fo r breaks and precalibrated p rio r to 
tes tin g . The  sensing elements inserted  
into the  various flu ids through drain
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plugs or special fix tu re s  varied  from a 
m ulti-tw is ted  w ire to a d ip  stick: con
fig u ra tio n  to a completely compensated 
insulator sleeve emersion thermocouple. 
Tem perature recording methods in - 
eluded d ir e c t . readings from a p y ro 
m eter a t the  tu rn  of a switch (B N ) and 
continuous - -readings- at d iscrete time, 
in terva ls  using a m illivo lt versus time 
ch art recorder with tem perature versus  
time paper (U P ).

Located, on th e  . back of each fuel 
saver system control box were hour 
counters; to accumulate actual time in 
use to the  nearest ten th  o f an hour. 
T h e  1data w as“ available- b u t1 u n fo rtu n 
a te ly  was not recorded in ail of the  
fuel saver tests on a per tes t zone per 
locomotive basis. On the West or ou t
bound leg of the  UP fuel saver te s t, 
the  th ird  fuel saver system was inop
e ra tiv e . While repairs were being 
made, both the f ir s t  power u n it of the  
iead DD 40 locomotive and the th ird  
SD 40 u n it were manually isolated to 
simulate fuel saver tes t conditions. 
T h e re fo re , time in fuel save per loco
motive was. not available fo r th is type  
of s ituation . ~

Effective use and operation of the  
th ro ttle  control device was h igh ly  de
pendent: on the  skill of th e  locomotive 
engineer.. S k ill : in th is  instance was 
indicated by the  engineer's a b ility  to 
match the use of the fuel saver, to the  
tra c k  pro file  and the power re q u ire 
ments.' For each fuel saver te s t on 
the  BN and UP, the locomotive operat
ing engineer was instructed  by on
board tes t personnel to keep the  loco
motive consist a t the seventh and 
eighth th ro ttle  positions as much of 
the  time as possible. The  fuel saver 
switches, were employed to . reduce 
power - where necessary w ithout sacri
fic ing  tra c k  speeds or operating sche
dule times. * Because of the  numerous 
crew changes on both the BN u n it coal 
tra in  ahd the  UP un it TO FC tra in , the  
time and number of locomotives in fuel 
save varied  considerably.
... Looking at the East or inbound UP 

fu e l ' saver te s t summary of results p re 
sented in Table 2 , note th a t only th ree  
of e ig h t tes t zones of data have been 
presented . T es t zones #5 to #8 were 
eliminated because the  assigned fuel

saver tes t tra in  was mixed fre ig h t and 
did not match th e  data base TO FC tra in  
in configuration o r number of cars. 
Midway through the  te s t rou te , the  
tra in  was changed b u t again it  was 
mixed fre ig h t w ith only one th ird  
TO FC.

DATA REVIEW AND A N A LYSIS  >.

Within each te s t series conducted on 
the BN and UP, te s t comparisons were 
made on the  basis of th e  fuel consumed 
with and w ithout use of the  fuel saver 
in tra ins ' o f sim ilar configurations, 
tra ilin g  r  gross -tons, - and ' operating  
speeds, . The two methods employed to 
compare fuel effic iencies, included the  
evaluation of the. percent decreaise in 
fuel consumed and th e  calculation of 
the ratio of one thousand tra ilin g  
gross ton miles per gallon of fuel 
(1 ,000  T G T M /G A L ). An increase in  
the ratio of 1 ,000 TG T M /G A L  denoted 
an increase in the  fuel e ffic ie n c y .;

BURLINGTON NORTHERN U N IT  COAL 
TR A IN  ■

With 79% of the  route miles a t less 
than 0.5% g rade, th e  overall average  
percent decrease in fuel consumed 
ro u n d -trip  was 9.8%. Th is  fig u re  
represented an average of approxi
mately zero fuel savings recorded fo r  
the loaded coal tra in  and the  s trik in g  
21,5% fuel savings recorded fo r the  un 
loaded coal tra in  (T a b le  3 ) .  Though  
the average fuel saver tes t speed fo r  
the unloaded case was 15% g rea te r than  
the data base ru n , i t  must be remem
bered th a t the  percen t d ifference tech
nique is deceiving fo r  low numbers and 
tha t the actual d iffe rence  was only 3 .7  
MPH from one te s t to th e  n ext.

S ignificant p attern  changes werje 
exhibited in the average percent time 
spent, per th ro ttle  position between, the  
data base and fuel saver tes ts . As 
shown in fig u re  3 , operating in . fuel 
save dram atically -reduced the  accumu
lated hours in th ro ttle  positions #2 and 
#5;- b y - 30-50% ■ arid 40-70% respectively  
fo r , the loaded and unloaded coal 
tra in s . However, the  time spent in 
th ro ttle , position #8 almost doubled and 
trip led  with increases of 78% and 183%

21 .



TEST TYPE SPEED,WH 1 TDC IN FUEL SAVE RIEL ONSUCD, GALLONSOfMILES ZONE 4 PER UXTPCTIVE PER UXnCTlVE CONSISTPERONT
ZOC TEST AVER 01FF 2ND 3RD 4W LEAD 2ND3RD 41H •AVER. TOTAL DIFF.
(UAEED) n 27.8 234 383 $42 332 ■ 422.8 16911 FS 317 370 620 468.1 1873

32.1 219 1932 113.1 •10.0FS 21.9 388 176 188 279. 237.8 1031.
in 26.2 3S7 29$ 423 410 371.23 FS 40$ 2S4 330 326 328.7 131$
M 23.2 117 11369.4 - 0.9FS 23.0 TESTWES l|to S: 228 137 137 162 166.0 664
tt 19.4 336 330 482S 134.4 ♦ S.7 24.739.0 28. SFS 20. S SSI 386 314 338 392.2 1S69
in 21.7 292 2S0 363 357 313.3 12626 106.2 • 6.9FS 20.2 TESTCNES (to 6: 418 269■269 290 sii.s 1246

(IMAUCD) DB 21.8 174 164'239 249 206.5 826106.2 •12.8 39.6S6.1 S6.1 • 8.1FS 19.0 381 171 80 m 188.2 7S3
d> 19.3 14$ 162 250 271* • • •FS 20.9 46S 132 $S 99 187.7 7S1

4 Dl’ 69 .'418.3 •S4.6 1S6 134 198 141 137.2 629FS 28.6 109 75 72 83 84.7 339
is 43.S*1 30$ 2S2 362 424 335.7 13433 117.4 • ■ , •ISAFS 38.7 482 17$ 231 246' 283.5 1134
01 33.4 314. 372 210 2S8 261 275.2 1101
DB 33.2“ 317386 98 173 192 212.2 849

AVERAGE VAILUESimrep SB 24.S 1SSS1S662219 7566FS 23.4 25201S4916082013 192$.0 7700
liNUMCED 08 24.8 1411122828. S 219$ 861 1691002 1231.7 4927
• USED BUT NOT RECORDED *‘BASED (M AVAILABLE DATA

TABLE 3. BN U N IT  COAL 
T R A IN : FUEL.CONSUM PTION

PER TEST ZONE

respectively fo r the  two tes t cases. 
Due to time gaps in th e  paper tape  
recordings, only th ree  of six tes t 
zones of representative  th ro ttle  data  
have been presented in fig u re  3.

Looking at the loaded coal tra in  tes t 
results (Tab le  3 ) ,  the  d ifferences in 
fuel consumption ranged from an in 
crease of 24.1% or 129 gallons fo r  tes t 
zone #4 to a decrease of 11.4% or 170 
gallons fo r tes t zone #3. The  average  
speeds of 25 and 23 MPH fo r these two 
tes t zones were similar and th e  number 
of stops were identica l. How ever, the  
number of route miles p er grade range  
were d is tinctly  d iffe re n t.

In the loaded coal tra in  te s t fo r -te s t  
zone #4, 90%: o f the  route miles were  
essentially level a t + 0.5% grade as; op
posed' to 73% fo r tes t zone #3. From 
fig u re  4 , the re la tive  time spent in the  
lower th ro ttle  positions fo r te s t zone #4

0URUNCTCN NORMRN (682.1)
UNUMHD (UAL TRAIN 
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PO SITION

indicated That most of the 90% "level" 
route miles were actually  descending  
with increased periods, , in dynamic 
b rake . Fuel saver usage in th is  s itu 
ation was not as e ffective  as fo r  tes t  
zone # 3 ,. where the  te rra in  was charac
te ris tic a lly  more undulating . Examin
ing the  histogram fo r tes t zone #3 more 
closely ( f ig u re  4 ) ,  it was found th a t  
the  recorded fuel savings fo r th is zone 
were obtained by reducing the  time 
spent in th ro ttle  hotch #5 followed by  
smaller reductions fo r positions #1 and 
#2. The  net resu lt was more e ffic ien t 
power usage in the  eighth th ro ttle  pos
ition and I I . 9% fuel savings in spite of 
the  heavy 14,000-ton  tra ilin g  load.

For the  unloaded coal tra in , th ere  
were fuel savings ,on every  tes t zone. 
As shown in Table 3 , the  decreases in 
consist fuel consumption ranged from  
8% to 15% on fo u r ou t of six tes t zones. 
How ever, fo r  te s t zones #4 and #1, the  
fuel savings exceeded 30%. For these  
two te s t zones as well as fo r tes t zone 
#2, the  fuel saver tes t operating  
speeds were s ign ificantly  h igher than  
th e  data base tes ts , y e t the  fuel con
sumed /was d e fin ite ly  less fo r the  fuel 
saver tes ts . Combining th is  fa c t with  
higher ratios of ton miles per gallon 
and extensive shifts in th ro ttle  usage 
p a tte rn s , fig u re  5 , indicated a possible 
tre n d  tow ard g reater fuel savings  
when using the fuef saver system at 
increased operating speeds fo r  the  3 .5  
horsepower p er ton power assignment.

Insta lling  calibrated meters in the  
pump lines of the  trackside  fue ling  
racks enabled a d irec t comparison be
tween- th e  q u an tity  of fuel added to 
th e  locomotive fuel tanks and the  act
ual fuel used as recorded by the  on-
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FIGURE 4. BN LOADED 
COAL T R A IN  HISTOGRAM OF TIME  

VERSUS TH R O TTLE  
PO SITIO N PER T E S T  ZONE

board fuel flow m eters. The  percent 
variation  between the two fuel record
ing methods was extrem ely small; less 
than one percent. The advantage of 
th e  on-board meters was th a t fuel con
sumed in-motion could be d iffe ren tia ted  
from fuel consumed when the  tra in  was 
stopped. T h e re fo re , a variation  in the  
number and length of stops between 
tests could be e ffec tive ly  eliminated as 
a te s t variab le  by considering only the  
fuel consumed when the tra in  was in 
motion. The fac t th a t the  stops occur
red would o f course be recorded and 
evaluated in the  overall locomotive 
operational perform ance.

Using a sampling technique fo r re 
cording fuel and lube oil tem peratures  
(Tab les  4 and 5 ) ,  ra th e r than continu
ous m onitoring, indicated two tren d s . 
F irs t, fo r  the  ambient conditions 
tes ted , the average tem peratures  
changed v e ry  little  per round tr ip  
a fte r  55 and 53 hours in motion with

FIGURE 5. BN UNLOADED  
COAL T R A IN  HISTOGRAM  

OF T IM E VERSUS TH R O TTLE  
PO SITIO N PER TEST ZONE

the same number Of crew changes and 
a similar number of stops. Second, 
the average tem peratures were s ligh tly  
elevated fo r the fuel saver tests as 
could be expected w ith increased time 
in the  h igher th ro ttle  positions.

More specifically , fo r  the data base 
round tr ip  tes t (loaded plus unloaded 
tra in  ro u te ), th e . average tem peratures  
ranged from 9 0°F to 100°F respectively  
fo r  the  pum p-up and re tu rn  fue l oil 
lines with the  lube oil a t 162°F. For 
the fuel saver round tr ip  te s t, the a v 
erage pum p-up and re tu rn  fuel oil tem
peratures ranged from 95°F to 108°F 
respective ly , while the  lube oil tem
perature  increased to the  172-178°F  
range.

UNION P A C IF IC  U N IT  TOFC TR A IN

Examining th e  aggregate tes t results  
in Table 6 fo r  the  e ig h t tes t zones in 
the Westbound d irection indicated an
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TEST* MTA BASE TEST (TRIP TDC-27.90 HR.) FUEL SAVER TEST (TRIP TDC -29 .IS HR.)SNCIE FUEL OIL TOPERATURE, °F LUBE OIL FUEL OIL TDPERAIURE, °F LUBE OILMM8ER POP UP return' DIFF. °ITEFP.',®F PUP UP REJWN DIFF.«F TEW. ,°F
1 as . 90 5‘ 140 90 10S IS 1(0.2 ‘as ' ,.98 13 140' 90 110 ’20 11090 : no 20 ,157 9S 105 10 180 .4 9S 120 ' 2S 17S 95 105 10 180S 85 ' 100 IS 170 95 11S 20 1806 as 9S 10 16S 100 10S s 1807 90 100 10 175 100 120. 20 180ao 90 , 10 16S 95 105 10 110
■9 95 10S 10 • 170 100 105 s 18010 90 10$ IS 17011 9S 110 IS 17012 100 ns IS 180
AVER. 88 101 13 162 95 109 14 178

TABLE 4. BN LOADED  
COAL T R A IN : FUEL AND  

LUBE O IL TEMPERATURES

TEST* DATA BASE TEST (TRIP TI5E-27.S4 HR.)’ FUEL SAVER TEST (TRIP TIME-23.90, Ml.)
SAMPIZ FUEL OIL TWERATURE, °F LUBE OIL FUEL OIL, TBPERA3URE, °F LUBE OIL
NIMBFR PUP UP rttubn DIFF., ®FTW.,°F PUP UP RETURN DIFF., °Frap., °F

1 90 95 5 150 100 105 5 ISO
2 BS 90 5 ' 150’ 95 110 IS 175
3 90 95 5 155 90 100 • 10 • 150
4 90 100 : . 10 160 9S ' 105, '• . -ip ' IBS
S 100 no 10 175 100 115 15 , 185
6 100 . 110 10 170 95 105 10 • 175
7 95 100 5 175 • 100 115 15 IBS

AVER. 93 100 7 162 96 108 12 r 172

TABLE 5. BN UNLOADED  
COAL T R A IN : FUEL AND  

LUBE O IL TEMPERATURES

overall average decrease in fuel con^ 
sumption on the order o f 12% at an 
average speed of 50 m ph. Individual 
te s t zone savings - fo r th is  direction  
ranged from zero to a high , o f 23%. 
Due to a problem in matching the  East- 
bound fuel saver tes t tra in  with the  
TOFC data base tra in , only selected 
tes t zones in th is direction have been 
presented fo r analysis. Though the  
Eastbound comparison fuel saver test 
tra in  was only one th ird  TOFC>, the  
fuel savings still averaged 8%. The  
tra ilin g  gross, tons and speeds were  
similar fo r all tes t zones w ith the  only  
marked variation in number o f cars 
occurring in the Eastbound d irec tion .

T est zone #3 was elim inated from

TESTTYPE SPEEI, WH X T»E IN FUEL SAVE FUEL OONSUCD, CALLUSOF MILES ZCNE \ PER LOQKTTIVE PER LOCUCTIVE XNSISI FUELZCNSTEST AVERDIFFSAD 3RD4TH.STPLEAD 2ND 3RD 4TH STHAVER. 1
(VEST)DB 221 49.6 ♦ 7.0 S52 497 SIS*498 534* 519.225960.0 ** 45.6 523 460 SS6 200 248* 397.41967
2 IS 173 SS.6 •10.2 335 290 MS*292 31S* M7.4 1S37 - 9.60.0 ** 58.0 3S8 311 266 203 252* 276.01390
DB 40.S 225 179 193*178 199* 194.8 974S ■FS 133 48.9 •20.7•• •• S4.4 131 256 228 72 89* 1S5.2 776 •20.3
DB S2.6 267 208 226*207 233* 228.211414 FS 211 SI.3 • 2.4•• •• 75.4 316 286 348 73 91* 222.81114 • 2.4
IS 207 60.S 331 283 290*261 300*S FS SB. 5 - 3.4 45.2 299 428 290*196 243* 291.214S6 • .6
IS 4S.8 368 287 321*312 332' 324.01620e FS 243 47.2 ♦ 3.1*• •• 19.4 279 333 320*218 271' 284.21421 •12.3
DB 49.3 357 294 313*291 323! 315.61578 •14.27 FS 170 S1.5 •• 15.1 30.3 306 331 261 193 243 270.11354
IB 38.1 282 227 228, 12348 1S9 •U.S • 7.442.5 46.1 50.8 303 266 224 140 210 226.6 1143

(EAST)DB 221 SI.9 • 2.9 277 213 235 209 260 238.6 1194 -14.00.0 58.0 67.6 327 279 209 65-147 205.4 1027
2 DB 173 S9.0 - 7.0 299 266 270 256 Ml 276.4 1392FS 0.0 S7:i 60.3 315 230 234 184 237,240.0 1200
DB - ■ 5S,0 504 367 39S 3S0 20314 211 * 5.7SI.8 0.0 51.6 S4.0 503 381 231 333 402.6 2013AVERAGE VALUES(WEST) 1 TO tIS 1519 48.8 • S.6 271722652407226724892429.012,145 -12.4SI.5 •• 47.4 251526712S13129516472126.210,641

(WEST)1.2,4 DB 60S SI.9 • 4.9 1154 9951046 997108210S4.6 5274 •14.9** ** S9.7 119710571170 476 591 698.2 4491
(EAST)1.2.4 IS 60S 5S.3 - 3.S 1080 846 900 815 976 923.4 4617 - 8.2FS SS.4 0.0 5S.660.7 12071012 824 460 717 848.0 4240
•DERIVED MIA ••USED BUT NOT RECORDED

TA B LE 6. UP UNIT. TOFC  
T R A IN : FUEL CONSUMPTION  

PER LOCOMOTIVE PER 
TE S T ZONE

the Eastbound data comparisons be
cause th e  average tes t zone speed fo r  
the fuel saver tes t exceeded the data 
base tes t by 30%., In th is te s t, th ere  
was a reluctance on the  p a rt of the  
locomotive engineer to use th e  fuel 
saver system under the m isapprehen
sion th a t tra c k  speeds were going to  
be sacrificed as p a rt of the tes t c r ite r 
ia. As might be expected, operating  
at e ighth  th ro ttle  more of the time 
w ithout reducing power in. the  tra ilin g  
units increased the  fuel consumption 
and th e  average operating speed fo r  
th a t te s t zone.

As.on the Burlington N o rth ern , fuel 
usajje on-board the  locomotives was 
compared to the actual fuel added to 
the fuel tanks from the trackside  re 
fueling racks. U n fo rtu n ate ly , the  
method of refueling  and the refueling  
personnel were not controllable ele
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ments of th is  tes t series. Consequent
ly ,, the com parability between the two 
fuel recording methods varied  from 2% 
to g reater than 15%.

In the Eastbound d irec tio n , all on
board fuel meters were operational fo r  
both the data base and fuel saver 
tes ts . Such was not th e  case in the  
Westbound d irec tion . Due to clogging 
in the "pum p-up" fuel meters of two of 
the fiv e  power p lan ts , it  was neces
sary to derive  some of the  fuel data 
presented in Table  6. B y determ ining  
the percent deviation from  the  average  
locomotive fuel consumption in the East-
bound d irec tion , it  was possible to de
velop coefficients to p red ic t individual 
locomotive fuel consumptions fo r the  
Westbound data base te s t. T h is , of 
course, assumed th a t the  individual 
locomotive perform ance characteristics  
within the consist were essentially con
stant th roughout the 1 ,519 route miles. 
Evaluating these fuel consumption co
efficients on a per te s t zone basis 
(Eastbound) indicated th a t th is was 
indeed the situation w ith only a few  
exceptions in te s t zones #4, #5, and 
#8. Note th a t not all o f the Eastbound 
data was presented in th is  paper fo r  
reasons previously discussed.

Only a s iigh tly  d iffe re n t technique  
was used to derive  fuel data fo r the  
f if th  power p lant operating  Westbound 
in fuel save. Due to continual v a ria 
tion in th e  number o f locomotives in 
fuel save at any given tim e, it  was not 
possible to p red ic t ind ividual locomotive 
fuel consumptions from the  consist 
average. However, the  fo u rth  and 
f if th  power plants were w ired to be 
simultaneously operated in and out of 
the. fuel save mode. With similar duty  
cycles, and again assuming consistent 
performance characteristics  throughout 
testing,' the  fuel consumed by the fifth  
power p lant in the Westbound direction  
was derived from the  parallel p e rfo r
mance of the fo u rth  and f if th  power 
un its . Both the data base and fuel 
saver tes t results (E astbound) were 
included in the  d e riva tio n .

As shown in fig u re  6 , the total time 
accumulated per th ro ttle  position varied  
considerably between the  data base arid 
fuel saver tes ts . T h e  le tte r "C" 
denoted an id le-dynam ic braking  se-

FIGURE 6. HISTOGRAM
OF TIM E VERSUS TH R O TTLE  

POSITIO N

quence fre q u e n tly  encountered in the  
somewhat mountainous te rra in . For 
tes t zones #1 through #8 Westbound 
from North P latte to Los Angeles, major 
decreases of 50% to 70% were recorded  
fo r th ro ttle  positions #3 to #5 accom
panied by 40% increases in the  id le - 
dynamic brake and th ro ttle  #8 posi
tions. The  p attern  s h ift of time v e r 
sus th ro ttle  position fo r the  th ree  
Eastbound tes t zones was s lig h tly  d if 
fe re n t. Though the time in th ro ttle  #5 
varied lit t le , s ign ificant decreases of 
40-70% occurred in positions #3 and #4  
as well as in #6 and #7> with a corres
ponding increase of 78% in th ro ttle  #8. 
Ind ividual th ro ttle  histograms per tes t 
zone have been presented in figures  7 
and 8.

In the Westbound d irec tio n , te s t 
zones #2, #3 and #8 exhibited h igher 
operating speeds fo r the  fuel saver 
tes ts , b u t lower fuel consumption per 
tes t zone when compared to the  data  
base tes ts . Th is  same tren d  was ob
served on th re e  of six tes t zones eva l
uated on the  BN unloaded coal tra in  
tests .

To determ ine if  th ere  were any s ig 
n ificant changes in the fuel and lube 
oil tem peratures while te s tin g , these  
tem peratures were continuously moni
tored a t the  rate of one set of 
readings a m inute. Breaks in th e  
thermocouple leads were common and 
were d iffic u lt to avoid. All available  
tem perature data was condensed to  
illu s tra te  the  d is tribu tion  a t the com
pletion of reg u la r time in terva ls  per 
tes t zone (Tab les  7 and 8 ) .  Data fo r  
the  pum p-up fuel oil tem perature was 
not available. A fte r  30 hours in motion 
Westbound, the  maximum re tu rn  fuel
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oil tem peratures averaged 128°F both 
w ith and w ithout the  fuel saver, ran g 
ing from a low of 117°F to a h igh of 
138°F. For all e ight tes t zones, the  
fuel saver re tu rn  fuel oil tem peratures  
were consistently similar to th e  data  
base comparison levels. The same 
tre n d  was observed fo r the  limited 
lube oil tem perature data w here the  
maximums ranged from 173°F to 184°F  
fo r  the data base and fuel saver com
parisons. T h ere fo re , fo r these te s t 
conditions, operating a t h igher tra c k , 
speeds in fuel save, did not a ffe c t the  , 
fuel and lube oil tem perature levels.

FIGURE 7. UP U N IT  
TOFC T R A IN  (EA S TB O U N D ) 

HISTOGRAM OF T IM E VERSUS 
TH R O TTLE  PO SITIO N PER

T e s t  z o n e

FIGURE 8. W ESTBOUND: HISTOGRAM OF T IM E VERSUS  
TH R O TTLE  PO SITIO N PER TEST ZONE
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TABLE 8, UP U N IT  TOFC  
T R A IN : LUBE O IL  

TEMPERATURES

SUMMARY

D uring  u n it tra in  tests performied 
on th e  Burlington N orthern and Union 
Pacific ra ilroads, s ign ificant fuel 
savings were realized by using a semi
automatic th ro ttle  control device or 
"fuel saver" system to take one or more 
units of the  locomotive consist o ff-lin e  
when the  available power and tra c tiv e  
e ffo rt exceeded the demand. T h is  p ro 
cedure e ffec tive ly  lowered th e  horse
power per ton ratio  of the tra in  and 
decreased the rate  of fuel consumption. 
For th e  p a rticu la r set of operating con
ditions tes ted , the average fuel savings  
in percent reached 9.8% fo r  the  u n it 
coal tra in  tes ts , and 12.4% fo r  the  u n it 
TO FC tra in  tes ts . A prime, in g red ien t 
fo r the  e ffective  use of such a device  
was the  operating locomotive eng ineer.

On a per tes t zone basis w ith in  each 
of the two tes t series, the fuel savings  
ranged from zero to considerably more 
than 15%. However, fo r th ree  out of 
six te s t zones on the BN loaded coal 
tra in  tes ts , the fuel consumed actually  
increased. In th is  p a rticu la r s itua 
tio n , the 0 .8  horsepower per ton power 
assignment was below the  threshold  at 
which th e  fuel saver concept could be 
effec tive ly  employed. .

In both tes t series there  were s ig n i
fican t pattern  changes in th e  average  
percent time spent per th ro ttle  position 
between the data base and fuel saver 
tests . As might be expected,, o p erat
ing in fuel save dram atically increased  
the  total time accumulated in the  eighth  
th ro ttle  position. As a re s u lt, th ere  
were s ign ificant reductions recorded  
fo r  the average percent time spent in 
th ro ttle  positions #2 through #5.

In the TOFC tests and in th e  u n 
loaded coal tra in  tes ts , several of th e  
individual tes t zones exhib ited h igher  
operating speeds fo r the fuel saVer 
tests b u t lower fuel Consumptions when 
compared to the data base tes ts . Com
bining th is  fact w ith h igher ratios o f  
ton miles per gallon and extensive  
shifts in th ro ttle  usage patterns  in d i
cated a possible tren d  toward g rea te r  
fuel savings when using the fuel saver 
system at increased operating speeds 
fo r the 3 .5  and 6 .5  horsepower per 
ton power assignments.
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For th e  ambient conditions' tested;, 
th e  fuel and lube oil. tem peratures  
changed v e ry  little  per round tr ip  
a fte r  30 and 50 hours in motion w ith  
the  same number of crew changes and 
a sim ilar number of stops. A t the! 
lower 25 mph operating speed of the  
u n it coal tra in , the average tem pera
tu res  were s lig h tly  elevated fo r the  
fuel saver ; te s ts . Such was not the  
case; fo r  the 50 mph u n it TOFC tra in  
where the  fuel and lube oil tem pera
tu res  w e re ’ consistently; similar to the  
data base comparison levels.

For the  conditions encountered, 
testing  o f the  fuel saver system did  
not a ffec t th e  total te s t times or th e  
average operating speeds. A lthough  
th ere  were no d ifficu lties  experienced  
in e ith e r th e  lead o r tra ilin g  units of 
the locomotive consists tested , any  
maintenance or mechanical problems 
which m ight develop can only be eva l
uated a fte r  extensive usage o f the  
system , combined with continual mon
ito ring  of th e  resu lts .
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INTERMODAL CARS— NEW DEVELOPMENTS  

BY ' ' 'V

J. R. BLANCHFIELD ?;''-

M. A . KENWORTHY

Intermodal ra ilcars used fo r "p iggy
back" tra ile r  and container tran sp o rta 
tion are becoming th e  subject of in 
creasing design in te res t. In response 
to mounting fuel costs and competitive 
pressures, a number o f new car de
signs have been developed, some to 
th e  hardw are stage. From the designs 
it  is apparen t th a t two common goals 
are the  reduction of ta re  w eight and 
aerodynamic d ra g . The  ride quality  
and dynamic s ta b ility  characteristics of 
lig h te r w eight cars are key issues 
which are  being investigated . This  
paper describes the  features of several 
new intermodal ra ilcar concepts. I t  
also reports  on a cooperative govern
ment in d u s try  tes t program designed 
to q u an tita tive ly  define and measure 
the ride v ib ra tion  characteristics of 
c u rre n t and experim ental intermodal 
fla tcars . Under the  program , the p ro 
cedures, equipm ent and analytical tech
niques suitable fo r evaluating car p e r
formance under both controlled tes t 
and actual service conditions were de
veloped and successfully employed. 
Prelim inary results  indicate th a t sub
stantial w eight reductions can be 
achieved w ithout adversely  affecting  
ride q u a lity  or dynamic s tab ility .

IN TR O D U C TIO N

The objectives of th is  paper are to 
review  developments in the  area of in 
termodal ra ilcar design which represent 
the  beginning of a new cycle in the  
evolutionary process and to describe a 
method of tes ting  and evaluating the  
dynamic perform ance of new car p ro 
totypes under actual service condi
tions.

CAR DESIGN OBJECTIVES

As th e  backbone of th e  intermodal 
hardw are system the fla tc a r has be- : 
tome the  subject o f  increasing design 
in terest due to a number o f tren d s .
In combination, these trends  have pro
duced several d is tin ct objectives fo r all 
new fla tcars  which are:

o Reduced tra in  resistance

6 A b ility  to c a rry  45-foot tra ile rs

o Improved service capabilities

o Reduced acquisition and maintenance 
COStS "

o Reduced man-machine interaction

o Reduced clearance requirem ents

The d riv in g  forces behind these  
objectives can b e ' read ily  traced  to:

o Increased fuel; costs /

o Shortages of motive power

o Increased cost of investm ent capital

o Tightened competition Within and 
between modes 7

o Need to extend , serv ice  jnto northeast 
metropolitan area

Consideration of design changes is 
appropriate a t th is  time because th ere  
is a need to produce new intermodal 
cars to replace those th a t have reached 
the  end of th e ir  useful life  and to p r O -
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vide the flee t expansion needed to 
handle an annual 10 to 12% grow th ra te  
in intermodal carloadings. A produc
tion rate of 6,000 new cars a year may 
be necessary.

INTERMODAL IMPORTANCE

The importance of intermodal tra ff ic  
to the  railroads is based on its re ve 
nue potential. Shippers of high value  
m anufactured goods pay the highest 
revenue ra tes, bu t they  demand 
prom pt, re liab le , damage free  service  
in re tu rn . Dedicated, ru n -th ro u g h  
intermodal tra ins  appear to be th e  only  
way the railroads can meet the service  
requirem ents.

Such service is proving to be well 
worth the e ffo r t, fo r its revenues can 
assure the long term  economic v ia b ility  
of the  railroads. I t  is like ly  th a t w ith 
in a few years many railroads will de
rive  20% or more of th e ir total revenues  
from intermodal tra ff ic . Recently it  
was reported th a t one major ra ilroad  
has already attained the  25% m ark. 
Noting th a t in terms of tra ff ic  volume, 
intermodal loads account fo r only 15% 
of the to ta l, shows th a t its revenue  
potential is rem arkably h igh. As a re 
sult of its earning power the  in ves t
ment in new intermodal equipment ap 
pears a ttra c tive . The opportu n ity  will 
soon exist to introduce designs th a t  
are b e tte r suited to the needs of the  
times. Although the design re q u ire 
ments have yet to be defined, and. p ro 
bably will not be until the Federal 
Railroad Adm inistration (F R A ) In te r 
modal Systems Engineering Program has 
been completed, a number of concepts 
have been form ulated w ithin the  indus
t r y  toward achieving the basic objec
tives cited above.

DESIGN CONSIDERATIONS

The design of an intermodal car is 
a challenging task . The c u rre n t car 
presents a deceptively simple image. 
It  has been doing its job well fo r  the  
past 20 years and when it is su p er
seded the new equipment must be su
perio r in meeting the needs of the  in 
d u s try .

Will the new design be evolutionary

or revolutionary? For good reason the  
in d u s try  has been cautious and slow to 
accept revo lutionary hardw are . A t the  
present time the  new concepts being 
proposed range from alterations of the  
c u rre n t design to radical new 
approaches to the idea of moving 
tra ile rs  and containers by ra il.

In connection with FRA's Intermodal 
Systems Engineering Program , new 
ideas are being solicited fo r study and 
evaluation. Each will be subjected to 
a comprehensive assessment of its m er
its based on the interrelationships be
tween the  car and the  o ther compon
ents in the intermodal system.

T h e  systems aspect must be empha
sized. In order fo r the railroads to 
benefit from the  intermodal potential, 
the  cost of provid ing the service must 
be minimized. A w ell-m atched, e ff i
c ien t, and cost e ffective  hardw are sys
tem will be essential. Each element's 
characteristics must be established in 
concert with those of the o ther equip
ment items toward maximizing the  sys
tem's overall performance in terms of 
service and re tu rn  on investm ent. 
This  means th a t all the  equipm ent, fa 
cilities and sub-systems used between 
the shipper's and consignee's loading 
docks must be considered. The in te r 
modal rail car is certa in ly  one of the  
major elements of the system. Typical 
considerations fo r a new intermodal car 
include:

S ize (s ) of tra ile rs /co n ta in e rs  to be 
carried

6 Number of loads per car

o Method of loading

o T a re  w eight per load

o Aerodynamics (resistance and 
s ta b ility )

o Number of axles

o Ride qua lity  and s tab ility

o Method of connection between cars

o Vertical and lateral clearances

o Automation of load securement 
devices
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o Cost o f acquisition and maintenance 

o D u ra b ility  

o Com patibility  

o In terchangeab ility  

NEW CONCEPTS

A review  of the  proposed concepts 
has disclosed a v a r ie ty  of ideas con
cerning these design considerations. 
Variations in the ranking  of p rio rities  
is apparen t re flecting  tradeoffs  made 
by the  respective designers. However, 
w ith o u t. commenting on each concept's 
m erits w ith respect to the design con
siderations, it  is in teresting  to observe  
in what areas changes have been p ro 
posed in some of th e  b e tte r known 
concepts.

The  Santa Fe "S ix Pack" concept 
utilizes articu la ted  jo ints with 2 -axle  
tru c k s  a t the  fiv e  interm ediate points 
of the  s ix -u n it  car sets. This
arrangem ent reduces by tw o -th ird s  the  
number o f  couplers and brake reser
voirs in a typ ical 60 tra ile r  tra in . A 
box ty p e  s tru c tu re  serves as the lon
gitudinal member and supports cantile
vered aprons fo r  the  tra ile r  wheels. 
The slenderness of the  center s tru c 
tu re  allows it  to be straddled by the  
landing legs of the tra ile rs  elim inating  
the  need fo r th e ir  adjustm ent. Car 
section length will correspond to the  
length of tra ile r  to be carried  resulting  
in a minimal spacing between succes
sive tra ile rs  and lower aerodynamic 
d rag . T w e n ty -e ig h t inch diameter 
wheels contribute  to a 16-inch reduc
tion in vertica l loaded h e ig h t .. Com
pared to conventional equipm ent, the  
Santa Fe design has achieved a w eight 
reduction of 34%. The  cars are in 
tended only fo r captured service and 
req u ire  l i f t  ty p e  loading capability  at 
the  term inals.

The  T ra ile r  T ra in  Company is con
sidering modifications to th e ir  conven
tional car which will perm it the c a r
riage of two 45-foot tra ile rs . They  
have also reported ly  been looking at a 
new configuration th a t would c a rry  
single 45-foot tra ile rs . In both cases, 
l i f t  ty p e  loading operations appear to 
be req u ired .

Pullm an-Standard utilized  a skeleton 
type  longitudinal fram e in th e ir  design 
fo r a ligh tw eight intermodal container 
car which resulted in the  construction  
of two experim ental ligh tw eight cars in 
1969. Both cars carried  two 40-foot or 
fo u r 20-foot containers. T h ey  incor
porated several innovations in load se- 
curement devices, bu t th e ir  prim ary  
achievement was a 17% to 31% reduction  
in weight compared to the conventional 
cars.

The Southern Pacific has received  
f o r , testing , a unique design wherein  
two 40-foot containers are carried  in a 
stacked configuraton such th a t th e ir  
overall height is I8 '-6 M above the ra ils . 
A car length of 63 fe e t saves 26 fee t 
of tra in  length fo r each pa ir of con
ta in ers . Using articu la ted  joints be
tween cars a w eight savings of 40% may 
be achieved over conventional cars.

The Bimodal Corporation's concept 
is to eliminate the need fo r a rail car 
completely by constructing tra ile rs  with  
a rail wheel system included in addition  
to the  highway suspension components. 
Tra in s  would be made by coupling  
numbers of such tra ile rs  d irec tly  to 
gether using devices included in the  
tra ile rs . With elimination of the f la t 
car, the net to ta re  ratio  fo r the  rail 
mode would improve dram atically and 
there  would be no problem with tunnel 
or bridge clearances.

The  Paton Corporation has a con
cept which reduces the  rail-based  
equipment to a minimum configuration . 
Low ta re  w eight, high utilization ra te , 
fle x ib ility  and th e  a b ility  to operate  
through the restric ted  clearance areas 
of the - Northeast region have been 
cited as its predom inant fea tu res .

LIGHTNESS vs . S T A B IL IT Y

A common a ttr ib u te  o f all the new 
concepts is an improvement in the  net 
to ta re  w eight ratio  toward the  goals 
of improving fuel e ffic ien cy , increasing  
locomotive p ro d u c tiv ity  and increasing  
component service life .

O f p a rticu la r concern to the indus
t r y  are the ride q u a lity  and dynamic 
stab ility  characteristics of lig h ter  
w eight rolling stock. The  reduced  
mass o f the carbody, combined with  
the possibility of a h igher loaded cen
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te r  of g ra v ity , could ren d er such a car 
unacceptable. ..
; However, because of the major pay

offs in intermodal effic iency th a t could 
resu lt from lig h te r w eight rolling stock, 
the e ffo rt to * acquire arid provide re li
able, quantita tive  information on the  
relationship between car w eight and 
dynamic performance to those who will 
be. working on new car concepts and 
perform ing system tra d e -o ff studies is 
v e ry  im portant, The capability  to  
measure and characterize th e  ride  
vibration  environm ent o f intermodal 
cars will also aid in the evaluation of 
specific design a lternatives once a 
basic concept o r configuration has 
been established.

Under a cooperative F R A /in d u s try  
research . program , . the procedures, 
equipm ent, and processing techniques  
have been developed and tested toward  
providing th is  cap ab ility . Intended to  
yield, information about car behavior in 
the operational environm ent, the  tech
niques can be applied to the  evaluation  
of all of the  new car designs.

FR A -IN D U S TR Y  TE S T PROGRAM

' The  program was orig inally  planned  
to evaluate the performance of two ex
perimental ligh tw eight intermodal cars 
produced by Pullm an-Standard jn  1969. 
For comparison, a. conventional T ra ile r  
T ra in  TTA X. car was inc luded . in the  
evaluation. E|oth lightw eight cars were 
orig inally  configured to c a rry  con
ta iners  only with landbridge operations  
in mind. A t a la ter date , one of them 
was modified to c a rry  tra ile rs  by add
ing fixed  stanchions .and. support plates 
fo r the tra ile r  wheels- Both cars 
c a rry  two loads, as does the conven
tional f la tc a r. However/ one of the  
lightw eight Cars weighs 47,800 pounds 
compared to 6 9 ,300v pounds fo r  the  
conventional car resulting in a savings 
of 31%. The  ligh tw eight tra ile r  car 
weighs 57,100 pounds fo r a savings of 
17%. ... ... ;>• , ;

DESCRIPTION OF TESTS

The Lightw eight Flatcar EvalUjp|ion 
program consisted p rim arily  of £w o 
types of tests whose geographic loca

tions are  shown in fig u re  1 . The f irs t  
te s t, re fe rred  to as the Vehicle Dyna
mic Characterization (V D C ) te s t, was 
conducted in a controlled environm ent 
to provide information on th e  dynamic 
or elastic nature  o f fla tc ars . The se
cond tes t Was conducted in a revenue  
service environm ent to q u a n tify  th e  
acceleration environm ent actually  e x 
perienced by the fla tcars  and loads. 
This te s t is re fe rred  to as an O ver- 
the-R oad (O T R ) te s t.

FIGURE 1. TEST ZONE 
LOCATIONS

The te s t consist was comprised „of 
the  th ree  instrum ented tes t fla tcars  
and the FR A /D O T Data Acquisition  
Vehicle T -5 .  The tes t vehicles in 
cluded a conventional T T A X  (973799) 
and two lightw eight fla tcars  designed  
by Pullm an-Standard. One lig h t
w eight fla tcar (T L D X  62) was designed  
fo r  container service only and the  
other (T L D X  61) was modified fo r  
tra ile r  service on ly . The te s t m atrix  
included em pty, half loaded, and fu lly  
loaded configurations fo r both the  VDC  
and OTR tes t series.

The VDC tes t was conducted on two 
te s t zones near La Junta , Colo. The  
te s t zones were established on a one 
mile section of class 3 tangent tra c k  
and a th ree  mile section of class 5 ta n 
gent tra c k . Accelerations w ere  mea
sured on the vehicle and recorded at 
consist speeds of 10, 15, 20, 30, and 
40 mph over the f ir s t  tes t zone and at 
40, 50, 60, 70, and 79 mph over the  
second zone.

The OTR tes t series was conducted 
on main line tra c k  between A rgentine  
Y a rd , Kansas C ity , M o ., and Hobar*
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Y a rd , Los Angeles, C a lif. Data were 
recorded in tw elve 10-mile te s t zones 
representing a cross section of track  
classes and s tru c tu re s . D uring the  
OTR te s t, th ere  was no control over 
consist speed, and as a re s u lt, speed 
varied  from 20 to 79 mph d uring  mea^ 
surem ents. Th is  method of testing  in 
cludes the effects of tra in  handling  
which were not included in the  VDC 
te s t.

Signals recorded d u rin g  the VDC  
and OTR tests consisted of speed, 
automatic location detection (A L D ), and 
up to 120 accelerations. The la tte r of 
these requ ired  a number of ancillary  
components in addition to the acceler
ometer transducer as shown in fig u re  
2 .

TEST CAR DATA ACQUISITION OR.T-i

FIGURE 2. SCHEM ATIC OF 
IN STR U M EN TA TIO N  AND  

RECORDING SYSTEM .

For the purpose of th is evaluation  
program , 120 precision servo-accelero
meters were mounted on the carbody, 
loads and axle journal bearings of the  
th ree  tes t fla tcars . 5g accelerometers 
were used on the car and loads 
while 30g accelerometers were 
used on the axles. An excitation vo l
tage was supplied from T -5  and. cali
bration signals were in p u t a t junction  
boxes located on each tes t vehicle.

Each accelerometer was mounted - in 
a mechanical isolator fo r protection  
from high frequency accelerations of 
large amplitude present in the rail en

vironm ent. Mismatched rail jo in ts , fo r  
example, can produce impulses, as large  
as a hundred g 's . The isolators With 
a natural frequency  of 150, Hz were  
designed to low pass, accelerations. 
The signal from  the accelerometer 
transducer was transm itted along the  
consist through a maximum of 250 .feet 
of shielded cable in a c u rren t mode to 
avoid, voltage drop due to line resis
tance.

In the Data Acquisition Car. the  
signal was converted to a voltage. 
This  signal was then filte red  using a 
low ; pass single pole f i l te r  ( - 6 d B /  
octave) w ith a corner frequency of 1 .6  
Hz. Th is  f i l te r  is used to o ffset the  
effect o f acceleration amplitude increas
ing with freq u en cy  and th ereb y  p ro 
duced an increase in the system resolu
tion . N ext th e  signal was anti-a liased  
using a 4-pole (-24 d B /o c ta v e ) Bessel 
f i lte r  w ith a, corner frequency of 30 
Hz. Th is  ty p e  of f i lte r  provides a 
linear phase s h ift  ;Which is essential to 
data processing requ iring  phase syn 
chronization.

The fu lly  conditioned signal was 
m ultiplexed a n d : converted to a 12 b it  
digital word at a rate of 128 samples 
per second. The  d ig itized signal was 
stored in the  on-bciard m ini-com puter 
(Raytheon 704) and bu ffered  onto: a 
magnetic tap e . Selected channels were  
passed through the  D /A  converter and 
displiayed on a s trip  ch art recorder fo r  
real ,tim e .examination of data. Th is  
system was also used to v e r ify  the  
data, tapes a fte r  te s ts . .

Data , Reduction and Analysis : •

. In o rd er to analyze the acceleration  
environm ent of the  fla tcar/lo ad  system  
use is made of the technique of super
position. Th is  method presupposes 
th a t the  acceleration, a, a t any point 
on the fla tc a r may be thought of as 
being the s u m . of contributions o f 
rig id , a , and. elastic body, ae / accel
erations ; .

., ■. a - ar + ,ae ■ ■/, ! ‘ ' ; :,’';(T)i

The components of a and a are  
re ferred  to as the  modes or ttiodal 
coordinates. The  use o f modal coor
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dinates offers a number o f d is tin c t ad 
vantages in the  analysis o f rail 
vehicles. F irs t, the  modal coordinates 
are conceptually easy to  v isualize and 
as a result are a g reat aid to the  de
sign engineer. Second, since these 
coordinates by defin ition are  Orthogonal 
or independent, phenomena such as 
cancellation and reinforcem ent do not 
obscure details of analysis. T h ird ,  
modal coordinates may be used to ob
ta in  the  actual acceleration level a t any 
point on the vehicle.

The  vehicle subsystems trea ted  in 
th is  evaluation program are th e  load, 
carbody, and axle . The  acceleration  
response of each subsystem is modeled 
as a separate freebody. A Cartesian  
coordinate system is established a t the  
geometric centroid of each subsystem  
w ith positive x in the d irection Of 
tra v e l, positive y  to the  le ft  when 
viewed in the  direction of tra v e l, and 
z positive upw ards. T h e  rotational 
coordinates are 6, <p, and ip about the  
x ,  y ,  and z axes respective ly . F igure  
3 illustrates the  sign conventions fo r  
the carbody coordinate system . The  
load and axle coordinate systems are  
identical with the  orig in a t th e ir  re 
spective centroids.

BOUNCE

FIGURE 3. R IG ID  BODY 
MODAL COORDINATES

T h e  rig id  body modal coordinates  
are composed of th ree  linear and th ree  
angular acceleration elements. Linear 
accelerations are parallel to th e  axes

defined above and angular acceleration  
are about these same axes . For the  
purposes of iden tifica tion , th e  acceler
ation along or about a given axis 'is  
indicated b y  a double dot over th a t  
coordinate, used to show double d iffe r 
entiation w ith respect to tim e. F u r
th erm o re ,.’ modal coordinates are sub
scripted w ith ° Thus the  longitu 
dinal modal coordinate is xo ; the la
tera l modal* coordinate, re fe rred  to as 
sway, is yo . and .'the' vertica l modal 
coordinate,? re fe rre d  to as bounce, is 
z 0 . The  angular modal coordinates are  
roll pitch and yaw denoted e0 , 
and ip o respective ly  .

The contribution  of rig id  body 
modes to  linear accelerations may be 
w ritten  as th e  modal coordinate in the  
given d irectipn plus the contribution  
due to angu lar modal coordinates about 
the  two remaining axes. T h u s , de
noting the  rig id  body acceleration com
ponents w ith th e  subscrip t r:

xrCy,2.t) « Xa(t) + ?o (t)z - J5o(t)y C2)
?r(x,z,;t) - ?» (t) + 9o(t)z. ■*-.$« (t)x- (3)'
2TCz,y,.t) 2o(t) * 9o(t)y - 5o(t)x (4)

Note th a t the  small angle approxim a
tio n , cosine of the angle of deflection  
is approxim ately u n ity , has been made.

N ext certain  assumptions concerning  
the  elastic body modal coordinates must 
be made. In th e  most general case an 
elastic body may bend and tw is t about 
any axis . Associated with each elastic  
deformation is an in fin ite  set of modes 
or harmonics. Experience has shown 
th a t th e  more im portant contributions  
to t h e . rail vehicle v ib ration  environ 
ment occur below 30 Hz. Thus based 
on s tru c tu ra l considerations and e xp e r
ience, it  was. determ ined fo r the  c a r-  
body it  was necessary to include only  
the f ir s t  and .second bending modes 
about the  y -a x is  and f irs t  and second 
tw is t modes/ more .commonly re fe rred  
to as /to rs io n , about the  x -a x is .  
T h ere  are denoted a ou, and 3 2 
respective ly  and are illustrated  in f ig 
ure 4. The  loads w ere found to re 
q u ire  only th;e ’f ir s t  bending mode 
about the  z -ax is . -This mode is called
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lateral bending to distinguish it  from 
the  previous bending modes. The axle 
is treated  as a p u re ly  rig id  body so 
th a t the  set of modal coordinates asso
ciated with th e  axle contain neither 
bending or torsion modes.

SIDE VIEW END view

‘SECOND BENDNG MODE 0t

FIRST TORSION MODE ̂

x : : x :  -;tx i
SECOND TORSION MOOE ’

s

FIGURE 4. ELASTIC  
BODY MODAL 

COORDINATES

The shapes of the elastic modes are 
described by power law expressions. 
This  is considered reasonable since the  
elastic deformations o f ra il vehicles are 
small in amplitude and re su lt in re la 
tiv e ly  smooth shapes. T h re e  terms are  
required to model the  carbody f irs t  
bending mode while two terms were, re 
quired fo r all o th er modes. Based on 
considerations of symmetry these are  
w ritten  as:

fi(x) «1 ♦ aix* ♦. atx* for <*1; (S')
fi(a) ■ X '+■ bix* for a*; (6)
giCx) ■ X' + , . C | X *  for Si; (7)
g*Cx) ■ 1 + dix1 for 02 (8y

where the  coefficient a - ,  a2 , b - ,  c * ,  
and d 1 are re fe rre d  to as  ̂ the mode 
shape coefficients and are  to be d e te r

mined. The  mode shape of the  load 
lateral bending mode is similar to equa
tion 5 b u t w ith a2 set to zero . Elastic 
body contributions to carbody linear 
acceleration subscribed e are:

5fe(x,z,t) ■ [0i(t)gi(x) + 02(t)g2(x)]z
( 9 )  '

*e(*.y>t) “ [ai(t)fiW +. <*2(t)fa(x)] + 
[Si(t)gi(x) + B2(t)g2(x)]y.

(1 0 )
Because of the assumption of small 

. amplitude deflection, cross sections 
taken normal to the x -a x is  are not de
form ed. As a resu lt, elastic body de
formations make no contribution to  
longitudinal accelerations.

Equations 2 through 4 are combined 
with equations 8 and 9 to obtain e x 
pressions fo r the  linear accelerations 
along the principal axes in term s of 
the modal coordinates. An example o f 
th is is illus tra ted  by the vertica l c a r-  
body acceleration

2m(xVy*t) = A*(t) + Al(t)xi + A2 (t)x1* + 
B,(t)x. + B, C.t)x» + C'j (t)xy: + 
Ci(t)x3y.+ P0(t)y.+ D1(t)xiy

(1 1 ?

where

a0 (t) = 2„(t) * ai(t)
,Ai(t> "at(t)a*
A2(t) ■ at(t)aa 
Bg(tj * o2(t) - Jo(r) 
Bi(t) = «2(t)bi 
Cfl(t) - 0,(t)
Ci(t) -
Do (t) *= 90 (t) * 02 (t)' 
D»(t) “ 0*(t)d,

and the subscrip t m denotes a modeled 
acceleration as opposed to a measured 
or observed acceleration. Expressions
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fo r the remaining components and 
masses can be w ritten  s im ilarly . The  
time dependent coefficients defined in 
equation 11 are determined from mea
sured accelerations.

Each mass was ind ividually  in s tru 
mented with a specified number o f se r- 
voaccelerometers: 17 on each carbody,
8 on each load/ and 5 on each axle. 
The transducer location and orientation  
are shown in fig u re  5, 6 , and 7 . A 
summary of the modes and m easure
ments of each subsystem is g iven in 
Table  1. Each measurement of accel
eration represents a single equation in 
term s of modal coordinates. Thus the  
set of 10 modal coordinates fo r  the  
carbody is found using 17 equations. 
S im ilarly , the 7 load modal coordinates  
are found using 8 equations.

Z . *•

FIGURE 5. CARBODY  
ACCELEROMETER LOCATIONS

5

FIGURE 7. AXLE  
TRANSDUCER LOCATIONS

SUBSYSTEM RIGID BODY MODES ELASTIC BODY MODES TOTALMODES MEASUREDACCELERATIONS
TRAILER 6 1 7 8

CONTAINER 6 1 7 8

CARBODY 6 4 1 0 17
AXLE s * 0 S S

TABLE 1. SUBSYSTEM  
MODES AND MEASUREMENTS

These systems of equations are re 
dundant, and the  solution set of modal 
coordinates will not, except in the  
ideal case, satis fy  the  set of equations. 
For th is  reason the method of least 
squares is used to find th a t solution 
set which satisfies most nearly, all the  
equations. The c riterio n  of th is me
thod is th a t the  sum of the squared 
erro rs  be a minimum. This is accom
plished by d iffe re n tia tin g  the expres
sion fo r the  sum o f squared errors  
with respect to each modal coordinate 
ind iv idually  and setting the result 
equal to zero . The  resu lt is a set of 
N equations in N unknowns which is 
solvable and yields the desired resu lt. 
The set of equations corresponding to 
the number of measurements made is 
w ritten  as:

[X ] A = 1  (12 )m

X- LONGITUDINAL 8- ROLL ^

z - vertical ■$’yawH *Note th a t the  axle pitch mode is not
 ̂ included since the  axle itse lf coincides

with the y -a x is . T h u s , pitch is simply 
FIGURE 6. LOAD wheel rotations.

ACCELEROMETER LOCATIONS
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D E P A R T M E N T  O F  T R A N S P O R T A T IO N  

FEDERAL RAILROAD ADMINISTRATION 
WASHINGTON, D.C. 20590

ASSOCIATE ADMINISTRATOR

Dear Conference Attendee:

Over the last fourteen years, the Railroad Engineering Conference has earned 
a reputation as a highly effective symposium for exchanging technical 
information pertinent to the railroad community. We, in the Federal Raiload 
Administration have been proud to assist in sustaining this tradition during the 
past four years. In 1978, however, we will not sponsor our conference because 
the Sixth International Wheelset Congress will be hosted by the United States 
for the first time in its more than fifteen years of existence. The 
International Congress is composed of distinguished international technical 
experts and several hundred of these delegates will meet in Colorado Springs, 
Colorado, from October 23 through October 26, 1978. Although the Federal 
Railroad Administration's annual engineering conference will not be held this 
year, we intend to reconvene the series with the 15th Annual Engineering 
Conference in 1979.

If you were looking forward to participating in this year's Annual Railroad 
Engineering Conference as I was, I would like to take this opportunity to 
observe that the plans for the Sixth International Wheelset Congress give every 
indication that it will be a worthy substitute. The Congress is dedicated to the 
improvement of railway technology and safety; it serves as an international 
forum aimed at improving the contribution of wheels, axles and bearings in the 
rail system. To date, representatives from over twenty nations as well as from 
the United States plan to attend. Besides the formal program which promises 
insights into recent technological developments, the Congress offers a unique 
opportunity to informally meet with delegates possessing a broad range of 
application experiences and knowledge.

The first two technical sessions, on October 23, will be devoted to "The 
Behavior of Wheelset Materials". The third and fourth sessions, on October 24, 
will explore the "Behavior of Wheels in Service and Simulation Testing".



2.

"Experience with Wheels in the FAST Loop" is the topic of session five, on 
October 25, which will conclude with a tour of the Transportation Test Center, 
including the Facility for Accelerated Service Testing (FAST) and the formal 
dedication of the new Rail Dynamics Laboratory (RDL). The final day of the 
Congress, October 26, will begin with presentations covering the "Theoretical 
Stress Analysis of Wheels" and finish with a session on "Roller Bearing 
Performance and Wheel Machining and Mounting".

I encourage you to attend and if you eleet to do so, registration should be 
completed prior to July 15, 1978. Details, further information, and necessary 
forms can be obtained by contacting Mr. William H. Chidley, 230 North 
Michigan Avenue, Chicago, Illinois 60601, telephone number (312) 236-0294.

Sincerely,

Robert E. Parsons 
Associate Administrator 
for Research and Development

cc: William H. Chidley



where X  is th e  coordinate m atrix pf 
th e  polynomial, A is the  vector of the  
coefficients defined in equation 11 and 
Z is the  modeled acceleration vector. 
Trie condition of least squares is! fu l
filled  by the  expression

[ X ] T  {Z m } = [X ]  T  {Z} < 13)

where Z is th e  measured acceleration 
vector.

Substitution of equation 12 into equa
tion 13 yields

[ X ] T [X ] {A} = [ X ] T  ( Z j  . (1 4 )

Introducing the  following definition  

Q = [ X ] T  XX]

Equation 14 becomes

[Q ] {A} . = [ X ] T  {Z} , (15 )

o r fin a lly

{A } = [Q ] "1 [ X ] T  {Z} . (16 )

Equation 16 thus  defines the  m atrix  
operation requ ired  to convert measured 
accelerations on th e  carbody and load 
to the corresponding modal coordinate. 
The 5 axle modal coordinates are solved, 
fo r using 5 equations in closed form 
req u irin g  no f it t in g  technique.

The A -v e c to r fo r  the carbody con
tains elements which are the sum of 
two modal coordinates (see equation 
1 1 ), one rig id  and one elastic. In 
o rd er to uncouple these the  condition 
of dynamic equilibrium  is used. This  
condition states th a t the  net force or 
moment due to an elastic deformation is 
zero . The  re su lt is an equation fo r  
each coupled element o f the A -vector 
of the  form

2

• * > < * > ' * :  X  ®  V » >  (1 7 >:
n=0 , '

where Rq  is th e  coupled rig id  body 
modal coordinate and A is the  corres
ponding subset o f the  Vv-vector and M 
is defined by n

L / 2

M . = J  • x 2n (x )d x
: / ;  - L /2 :

Here ( x )  is used in a more general 
sense to denote e ith er a mass o r . polar 
mass moment of d is trib u tio n . Detailed  
knovyiedge of the  vehicle s tru c tu re  p e r
mits the  .uncoupling of rig id  and elastic, 
modal coordinates.

The .time histories of accelerations  
measured on the  carbody are  thus re 
duced to modal cbordinate time h is 
to ries . As mentioned at the outset of 
th is  section, modal coordinates are use
fu l in the  analysis of rail vehicle p e r
formance; and the  following data p ro 
cessing schemes are  employed.

1. Goodness of F it -  A time series o f 
the d ifference between each mea
sured^ and modeled acceleration, z 
and z , is created . This series, 
as welP as the  z series, is Fourier  
transform ed and the power spectral 
density  (P S D ) calculated. The  
power in the two PSD's is calculated  
from 0 to 30 H z, and the  ratio  of 
residual to measured power obtained. 
This param eter indicates th e  p e r
cent e r ro r  incurred  in’ the  model,

2. Power Spectral Density (P S D ) of 
Modal Coordinates -  The en tire  time 
series; Qf  modal coordinates are also 
Fourier transform ed and PSD's

. form ed. The root mean square  
(rm s ) is calculated from 0 to 30 H z.

3. Positive Zero Crossing (P Z X ) H isto
grams -  The  time series of each 
modal coordinate is analyzed to de -̂ 
term ine the  number of zero cross
ings w ith positive slope which lie in 
ranges or bins of given am plitudes. 
These results are tabulated in th e  
form ! o f numerical histogram on a 
mile by mile basis, i . e . ,  one modal 
coordinate PZX histogram per m ile.

4 . P robab ility  Density  Function -  The  
data fo r  each modal coordinate are  
divided into 200 equal am plitude In 
crements to cover the  range from  
minimum to maximum amplitudes ob
served . The percentage of occur-
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rences' w ithin each amplitude in c re 
ment is then calculated, and plotted  
to form a probability  density  fu n c 
tion fo r th a t coordinate o ver the  
te s t ru n . In addition, the  standard  
deviation , 95% level, 99% jevel and 
rms of the coordinate, are calculated  
and prin ted  out.

5. RMS Time H istory :- The. time h is
to ry  of each modal coordinate is 
Fourier transform ed and a PSD cal
culated fo r each 4 seconds of tim e. 
The PSD is divided into octaves 
w ith center frequencies a t 2 , 4 , 8 , 
and 16 H z, and the rms value cal
culated fo r each octave as well as 
the band from 6 to 30 H z. These  
f iv e  values are then plotted as a 
function of time fo r the te s t ru n . 
The averaging time can be varied  in 
increments of 4 seconds up to  16 
seconds. In addition, speed is
plotted on an adjacent graph fo r  
ease of analysis.

equal which indicates th a t the  lig h t
w eight fla tcars  are  as s tru c tu ra lly  
sound as th e ir  conventional counter
parts .

o

<  x  UI J U! O
<

2  o"

o 
d ■

co o  d'

o „ d

8  d -

X Lightweight Flatcar with two loaded trailers Q Conventional Flatcar with two loaded trailers A Lightweight. Flatcar with two loaded containers ^ Conventional Flatcar with two loaded containers

CLASS 3 TfMCKj

! >< &  o
□

0
X

□

0X c

[CLASS 8 TRACK

l'o io 3o ? 0  ^ 0 60 76 80
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The instrum entation and data analy 
sis techniques developed fo r th is  p ro 
gram have proven h ighly successful in 
th e  evaluation of the  dynamic perform 
ance of lightw eight and conventional 
fla tc ars . In particu lar the use of 
modal coordinates provided c lear, con
cise engineering results which co rre 
late well with physical phenomena.

Shown in fig u re  8 is the e ffec t of 
speed on the bounce of fu lly  loaded 
fla tc ars . Th is  result is representative  
of th e  acceleratjoh environm ent in gen
e ra l; -  however, i t  should be kept in 
mind th a t bounce is only one of ten  
modes heeded to completely describe  
th e  vibrational response of th e  c a r-  
body. Th is  and other plots like it  
show conclusively th a t the ligh tw eight 
and the conventional flatcars are quite  
comparable in performance. F u th e r-  
more, fig u re  9 shows the load bounce 
versus speed, and serves to illu s tra te  
th a t th is  conclusion can be extended to 
the  loads. Th is  is of prim ary impor
tance in considering the economic p e r
formance of rail vehicles. F ina lly , the  
magnitudes of elastic deformation fo r  
both types of cars were generally

FIGURE 8. FULLY  
LOADED CARBODY  

ACCELERATION
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X  Lightweight llntc.ir with two loaded trailers Q Conventional Flatcar with two loaded trailers ^ Lightweight Flatcar with two loaded containers 
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FIGURE 9. A -E N D  
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Figure 10 shows the  rms time h is
to ry  o f the  conventional carbody  
bounce mode. T h ere  are basically two 
points to note here . F irs t, the f irs t  
octave* w ith its center at 2 Hz is the  
largest co n trib u to r to th e  overall accel
e ratio n . T h is  is anticipated based on 
considerations of carbody/load mass 
and the  spring  s tiffness. Second, it  
is apparent th a t the  acceleration level 
is speed dependent. In fa c t, figures  
8 and 9 show speed to be the  most im
p ortan t single param eter influencing  
the acceleration lev e l. Th is  serves to 
emphasize th e  comparable performance 
of the  ligh tw eigh t and conventional 
fla tc ars .

0. 91 181. 272. 363. 453. 544
. S E C  ‘

B O U N C E-C A R B O D Y

FIGURE 10. MODE TIM E  
H ISTO R Y

, Results have also shown th a t fu lly  
loaded fla tcars  provide a b e tte r ride  
performance than other load configur
ations. In p a rtic u la r, it  was found 
th a t the  tru c k s  of the conventional 
fla tcar ca rry in g  a single load had a 
tendency to go into a lateral oscillation

* ln  the  rms time h is tory  plots the  
curves of th e  octaves are numbered 
consecutively corresponding to center 
frequencies o f 2 , 4 , 6 and 8 Hz. The  
f if th  curve is the  0 to 30 Hz band rms 
value.

or hunting mode. Th is  in tu rn  had an 
extrem ely adverse e ffec t on th e  accel
eration levels in the loads.

F ina lly , data has been obtained  
which characterize the v ibrational en
vironm ent of containers and tra ile rs  
during  revenue operation. Th is  data 
should prove beneficial to both the  
shippers and the railroads in eva luat
ing the use of th is  mode of fre ig h t  
transporta tion . .

Testing will continue d u rin g  the  up 
coming year to provide sim ilar data at 
specified points in the mileage accumu
lation of the tes t cars . Th is  will allow 
a determination of the effects of com
ponent wear on the  ride performance  
of these cars. This information is 
vita l to engineers who will be de
signing and evaluating the fu tu re  
generation of intermodal rail cars.
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O P TIC A L A C I— A NEW LOOK 

BY

R. L. WISEMAN

H. C . INGRAO

W. F . CRACKER

T his  paper describes a program  
which has been underw ay to provide  
tha  railroad in d u s try  with methods fo r  
the  improvement o f its Optical Automa
tic  Car* Identification (O A C I) system. 
The program involves studies o f car 
presence detectors, performance and 
cost improvements to the  OACI scanner 
system / an analysis of OACI label p ro 
perties and label life , and a model to 
evaluate car Identification enhancement 
from  the  railroad 's advanced consist 
inform ation. The  major p a rt o f the  
effO ft addressed improvements to the  
scanner system. These improvements 
involved the  use of advanced technol
ogy to design, b u ild , and te s t p re - 
prototype hardw are to develop a "firm "  
specification of the  scanner system  
performance lim it. The results to date  
from laboratory tests indicate th a t the  
s c a n n e r  system readab ility  accuracy  
With the  existing  labels can be in 
creased at least 6% from its nominal 
vaiue of 88% to  91%. Th is  increase is 
obtainable th rough the  use of charge- 
coupled devices and microprocessors 
which Will also enable a 40% reduction  
in in itia l scanner system purchase costs 
and a 33% reduction in yearly  m airiten-. 
ance costs. The  program also resulted  
in an assessment of the. underly ing  
Causes fo r label deterio ration , a label 
life  estimate o f 17 years , and a user's  
guide fo r each railroad 's determ ination  
of th e  effectiveness of its own OACI 
data enhancement policy.

IN TR O D U C TIO N

T h is  paper presents th e  recent re^ 
suits o f e ffo rts  on the  p a rt o f the  
Federal Government to explore the u p 
grad ing  of the  Optical Automatic C ar 
Identification  (O A C I) system; The  
e ffo rts  have been under the  technical 
support of DOT's Federal Railroad  
Adm inistration (F R A ) and are  intended  
to specify  the means fo r  obtaining  
increased OACI system accuracy and 
w ider application a t lower costs. A l
though ACI is considered to be a major 
breakthrough fo r im proving railroad  
serv ice , operating e ffic ien cy , and car 
u tiliza tio n , the  nation's railroads have 
recently  been reconsidering its contin 
ued use. Since its adoption oh a na
tional scale in 1967, the  railroads have  
been faced, with the problem of sus
ta in ing  an e ffective  maintenance . p ro 
gram fo r the  OACI scanner system and 
the  labels mounted on 1 .7  million 
fre ig h t cars . Depending on the o p er
ating life  o f the  label and th e  levels of 
maintenance over the past f iv e  years , 
the OACI readab ility  accuracy has 
varied  from 78% to above 97%. While 
one railroad will contend th a t the  lower 
accuracy can be g re a tly  enhanced 
th rough  correlations with th e ir  separ
a te ly  derived  manual car identification  
records (advanced co n s is t), another 
will argue th a t th is degraded p e rfo r
mance is unsatisfactory . .T h e  main 
reason fo r  th is  d ifference of opinion
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lies in the way each railroad utilized  
OACI in th e ir  Management Information 
System (M IS ). Some railroads with  
th e ir  own maintenance program and 
fleets  have derived s ign ificant benefits  
from g re a te r efficiencies in th e ir  way
bill p reparation , classification yard  
operation, and cargo identification yard  
operation, and cargo identification . 
How ever, since the nationwide benefits  
of AC I requires the  cooperation of all 
the  railroads,, its fu lles t potential can
not be realized until a convincing case 
is made fo r  improved performance at 
lower operating and maintenance costs 
and an a ttrac tive  re tu rn  on investment 
is dem onstrated.

FIGURE 1. T Y P IC A L  
OACI IN STA LLA TIO N

BACKGROUND

Since 1890, when a patent was iss
ued fo r a mechanical technique, the  
railroads have recognized a need fo r  
the automatic identification of the own
ership and serial number o f fre ig h t  
cars passing critical ra il junction  
points. In 1967, the  optical ACI was 
adopted as a viable technology a fte r  
the Association of American Railroads 
(A A R ) had developed specifications and 
tested the system in the  fie ld . R efer
ring  to fig u re  1, the OACI system was 
composed of th ree  d is tinct elements: 
(.1) A color-coded label; (2 )  An optical 
trackside  scanner system; and (3 )  
Wheel sensors to determ ine tra in  p re 

sence and d irec tion . When the tra in  
f irs t  approaches, a high in tensity  lig h t 
source is tu rn ed  on and begins a rapid  
vertical scan of the trackside  w ith a 
set of rotating m irro rs . The wheel 
sensors then id en tify  the passing of 
each rail car which has labels mounted 
on both of its sides. The labels con
sist of 13 modules of re tro re flec tive  
material like th a t used fo r  m arkers i l 
luminated by. car headlights alonc|~the 
highways. Each Of the th irteen  ̂ mod
ules has two s trip es , which are colored 
w hite, red , b lue, or black! . T ile  re 
flected lig h t from these stripes is 
sensed s lig h tly  o ff the  incident l ig h t . 
axis and converted into electrical s ig 
nals by photom ultipliers. These s ig 
nals are then decoded into th ree  d igits  
of car owner inform ation and ,se\>en 
digits of the  fre ig h t c a r /ty p e  
I f  all of these d ig its  and t l^ '^ ’flxecl 
code of th e  label's "s ta rt"  and"' ,"s;tpsp" 
modules are detected , th is  information  
is passed on to a label data processor 
fo r subsequent transmission to the  
railroad's local management information  
system com puter. V a lid ity  fo r the! 10 
identification d ig its  is checked by the  
re tu rn  from a modulo-eleven b in ary  
coded p a rity  module.

In the past, use of the  OACI sys
tem's information has varied .consider
ab ly, depending on its size and the  
special needs of the ra ilroad . 1 One v e ry  
large netw ork, managed by the Chicago 
Railroad Term inal Information System, 
Inc. (C R T IS ) ,  was developed as a 
jo in t railroad e ffo rt to serv<S\28 users 
over 7 ,689 miles of track  connecting 100 
fre ig h t car classification and; support 
yards, or the last fiv e  y e a rs / the  FRA 
and 12 railroads have been1 involved in 
a cost-shared C R TIS  demonstration of 
the benefits o f OACI in reducing c le r
ical costs, car detention times, mis- 
routings, and classification • e rro rs .

The results to date have had limited 
success due to: (1 )  a degradation in
the qua lity  of th e  labels;. (2 )  a less 
than optimum scanner system p e r
formance; and (3 )  limited data enhance
ment. In 1975, concern over the slowly 
deteriorating OACI readabilities led to 
an in d u stry  request fo r an FRA spon
sored C R T IS  fie ld  tes t program which 
was conducted by the Departm ent
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of Transportation 's Transportation  Sys
tems Center (D O T /T S C ). The tests 
showed th a t the readabilities could be 
increased from the national average of 
80% to 91.3% through recent im prove
ments to the OACI scanner system by 
the equipment m anufacturers. A l
though the fie ld  tes t sample of over
6,000 cars was su ffic ien tly  la rg e , th is  
resu lt was subject to considerable con
tro v e rs y . Some railroads believed th a t 
the test site was not representative  of 
th e ir  own OACI experience. Others  
reported th a t readabilities of h igher 
than 95% were obtainable through a 
careful label washing program on th e ir  
own captive fleets? ’ The  problem was 
fu r th e r  complicated when each railroad  
tr ie d  to assess the readab ility  e ffect in 
terms of the costs and benefits of th e ir  
own operations. V ery  little  technical 
information was available on the e ffec 
tiv e  life of the labels and the u n d e rly 
ing causes fo r th e ir deterio ration . The  
exten t of readab ility  improvements 
through advanced consist and m ulti
scanner-correlations from both sides of 
a car had not been system atically de
fined in a form which could be in te r 
preted by each individual ra ilroad. 
These and other problems established a 
"w ait-and-see" environm ent in which 
the static m arket fo r OACI systems 
precluded any major technological up
grading by the equipment manufac
tu re rs .

For the past y e a r, the FRA has 
been working on fo u r areas of the Op
tical AC I System to resolve its major 
issues and to provide a firm  basis fo r. 
the  railroad industry 's  decision reg ard 
ing its fu tu re  use and deployment. 
These areas and th e ir  status are des
cribed as follows:

1. Car Presence Detector Studies have 
ju s t recently been in itiated  to iden
t ify  methods fo r improving the  p e r
formance and re liab ility  of the c u r
ren t wheel sensors and to in ves ti
gate a lternative  techniques.

2. An analysis of the  optical properties  
of the existing labels has been 
underway fo r the  past year in order  
to ’ estimate the label life  and sug^ 
gest methods fo r label improvement?

Prelim inary results of th is  work  
were presented to the in d u stry  in 
June 1977 and are discussed in a 
later section of th is paper.

3. An extensive e ffo rt to improve the  
performance and cost of the scanner  
system has been conducted over th e  
past year by D O T /T S C . The r e 
sults of a f ir s t  stage of fabrication  
and testing  of newly designed p re 
prototype hardware in th is  e ffo rt  
were also presented to the in d u stry  
in June 19777 The major portion of 
th is paper describes the advanced 
designs which will lead to a July  
1978 specification of the scanner 
system performance lim it. The des
crip tion  contains an analysis of the  
c u rre n t system, an identification of 
the levels o f improvements, the re 
sults of laboratory tes tin g , and cost 
and sizing considerations.

4 . An OACI System A lternatives  Evalu
ation Model is being developed to 
provide each railroad with a tool fo r  
assessing th e ir  own approach to  
O A C I. The model deals with the  
effectiveness of OACI enhancements 
from advanced consist information  
and m ultiplexed data from pairs of 
scanners. A user's guide fo r th is  
model is being prepared and can be 
combined with an extensive C lass ifi
cation Yard  Simulation Model devel
oped by jARINC Research C orp. fo r  
the AAR? The combination should 
provide a thorough assessment of 
AC I costs and benefits in the con
te x t of system enhancements, in d i
vidual yard  operations, yard  con
fig u ra tio n s , and clerical re q u ire 
ments.

PART I: SCANNER SYSTEM IMPROVE
MENTS

CURRENT SYSTEM DESCRIPTION

The existing  OACI Scanner System  
is composed of optics of good commer
cial q u a lity  and 1969-vintage electronics  
components. The system was orig inally- 
designed to id en tify  99.5% of new or 
properly  maintained labels with an un 
usually low false alarm rate of less
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than 1 p a rt in 250,000. However, 
label degradation in the  form  of d ir t ,  
damage, and other causes has reduced 
th e  lig h t re tu rn s  from some of the  
labels to the  point where th ey  are  ob
scured by th e  system noise. For the  
purpose of iden tify ing  re a d a b ility . im
provements w ith the  existing  labels, 
th e  scanner system (f ig u re  2 ) may be 
div ided into fo u r p arts : an optics
subsystem ; fro n t-e n d  amplification  
electronics; a detector (called  a "stan- 
d a rd iz e r" );  and a label data processor.

LABEL- DATA PROCESSOR
•  ARC SOURCE

•  MIRRORS

• FOCUSING LENSES

•  PHOTOMULTIPLIERS

• LIN E  DRIVER

• LOW- PASS'FILTER

• O.C. RESTORER

•  DELAY LINE

• DIGITIZER

•  LABEL RECOGNITION

• MINICOMPUTER OR 
DIGITAL LOGIC .

• WHEELSENSING

FILjURE 2. SCANNER  
SYSTEM COMPONENT?

FIGURE 3. LO CATIO N ON 
SCANNER ZONE

The detection of a label s tarts  when 
its  vertica l edge f irs t  appears in the  
plane of the label scanning zone shown 
in fig u re  3. The label is illuminated  
in th is  zone by a 7 .5  inch c ircu lar  
beam of collimated lig h t from  a Xenon 
arc lamp w ithin the scanner head. 
T h is  incident lig h t is swept upwards  
by m irro r faces mounted on a spin 
cube which rotates a t a ra te  high 
enough to ensure a t least one scan of 
a label moving a t 80 miles p er hour. 
T h e  ro tating  plane is tilte d  7 degrees 
about the  vertica l axis to accent the

labels re tro re flec tiv e  properties over 
noh-label specular reflections which 
are dominant on,; th e  normal to, the car 
side. The labels contain v e ry  small 
glass beads mounted on a silvered s u r
face which re flec t lig h t back w ithin a 
small 2 degree cone centered on the  
axis of the incident beam. This e ffect 
may be seen by sighting a label with a 
flash lig h t a t angles which can be :as 
much as 45 degrees o ff the norm al'to  
the label. j

r  -• " . ' ■

FIGURE 4. SCHEM ATIC OF 
O PTIC A L SUBSYSTEM

The optics subsystem is shown in 
fig u re  4 and contains a hole in a 
m irror which is also used to fold the  
incident lig h t from the  arc source on 
its way to the  ro tating  m irro rs . The* 
hole admits the  re tu rn  lig h t to a lens 
system which focuses it  on the  cathode 
of red and blue channel photomulti
pliers (P M T ). Color separation is 
achieved by a dichroic m irro r which 
passes the  red band of lig h t bu t re 
flects the blue band a t 90 degrees. A 
white label module will th ere fo re  result 
in a PMT o u tpu t on both channels. 
The red and blue filte rs  are narrow - 
band matched to the  spectral charac
teristics  of th e  label colors. The e f
fective  received fie ld  of view is estab
lished by a fie ld  stop which admits a 
horizontal s lit equal to the  en tire  len
gth of a module b u t only one q u arte r  
of its he ight. T h is  causes a trian g u la r  
PMT output fo r  each half-m odule color 
and a trapezoidal outpu t fo r fu ll mod
ule colors. An example of these wave
forms and the color code in terpretation
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is shown in fig u re  5 . The color com
binations will produce 16 possible logic 
states fo r each fu ll module (fo u r  times 
fo u r fo r each half m odule). O f these 
only 10 are used: because of the re 
strictions th a t no bottom s trip e  will be 
black and th a t the re d /b lu e  and b lu e / 
red modules are respectively reserved  
fo r. the "start" and "stop" modules. 
The label background between and 
abound both edges of the modules- is 
composed of low reflectance black 
anodized material . . A bac kg ro u n d -to - 
module spacing ratio of 6 to 5 provides  
a near-zero  re tu rn  between the  signal 
pulses of adjacent modules.

HALF-MOOULE 
, COLORS

RED P MT 
O U TPUT

HALF MOOULE TO BACKGROUND SPACING RATIOS

' B W
L H
UE T

E

W W
H H
T T
E E

BLUE PMT 
O U T P U T

I I EFFECTIVE RECEIVED FIELD OF VIEW

l l z A
FIGURE 5. COMBINED RED 

AND BLUE CHANNEL COLOR 
CODE IN TER PR ETA TIO N

Recalling fig u re  2 , the  red and blue 
photomultiplier outputs are each fed to 
a separate line d r iv e r /4 0 0 -k H z  low-pass 
f i lte r  combination with a dynamic range  
of 50 db. The line d r iv e r  outputs p re 
sent low impedance 30 mV to 10V label 
signals to the detector which is 
mounted in the a ir-conditioned Label 
Data Processor equipment h u t. The  
hut also contains a power and signal 
in terface box.

INPUT (GOOD LABEL)' ’

FIGURE 6. DETECTOR  
(S TA N D A R D IZE R ) OPERATION

Since the purpose of the OACI sys
tem detector is to assure th a t only  
label analog signals resu lt in an id e n ti
fication of a fre ig h t c ar, th is  device  
has been, more appropria te ly  called a 
s ta n d ard ize s  The s tandard izer elim in
ates false information from non-label 
reflections and assures th e  proper de
coding of label signals through the use 
of DC R estorer c irc u itry , a delay line, 
a d ig itiz e r , and s trip e /lab e l recognition  
logic. As shown in fig u re  6 , the t r i 
angular and trapezoidal photom ultiplier 
signals a rr iv e  a t the standard izer with  
rounded edges due to a non-ideal label 
re fle c tiv ity , and optical and electronic  
bandwidth ' lim itations. DC Restorer 
c irc u itry  f ir s t  amplifies and level shifts  
the signal pulses so th a t th ey  rise from  
a fixed  DC reference level which is re l
a tive ly  independent of the slow v a r ia 
tions in the  outside ambient lig h t. The  
ultimate objective is to convert these  
analog pulses into digital pulses with  
the same half or fu ll module w idths and 
re la tive  spacing. Th is  objective is 
realized through the use of a lumped 
constant transmission line which contin 
uously tracks  the instantaneous analog 
pulse amplitude over delayed time in 
te rv a ls . . Th is  delay line is shown in 
fig u re  7 and contains ten signal tap  
outputs w ith tap weight m ultip liers . 
The nine microsecond "times-one" tap  
and the  two 0 .5  taps assure th a t a 
dig ita l pulse is formed from the  h a lf
amplitude points of the analog label 
pulse regardless of its peak amplitude  
(th e  re fle c tiv ity  s tren g th ) o r waveform  
width (th e  label distance from the scan
n e r ) .  O ther taps fu r th e r  away from  
the X1 center tap provide amplitude  
guardbands which irih ib it a d igital 
pulse when adjacent module peak ampli
tudes or spurious noise spikes are more 
than ten times g reater than the center 
peak. The center tap voltage is also 
inh ib ited when it  goes below a 50 m illi
vo lt DC threshold or when it  falls be
low 0 .2  times a "crosstalk" signal from  
the cen ter-tap  of the o ther channel. 
The crosstalk signal prevents a white  
color decision when one color produces 
a signal less than 1 /5 th  of the o thers .

The d ig itization of the red and blue  
label pulses is d irec tly  followed by two 
stages of Label Recognition Logic. 
The f ir s t  stage examines the  individual
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half-m odule pulse w idths and d e te r
mines th e  red and blue coincidence. 
These , are assembled to a rr iv e  at a 
fu ll-m odule numerical code which is 
checked fo r maximum pulse w idth and 
maximum distance from adjacent mod
ules (w hich should always have at 
least one channel pulse in th e ir  f irs t  
h a lf m odule). I f  these conditions are  
not met, any preceding pulses are  
classified as noise and the  c irc u itry  is 
reset.

SIGNAL INPUT

FIGURE 7. STAN D A R D IZER  
DELAY, LINE OPERATION

The second stage o f label recogni
tion checks more global information  
about the label, v e rify in g  th a t the  
pulse tra in  consists of a "s ta rt"  module 
followed by 10 numerical modules, a 
"stop" module, and a "p a rity"  module. 
I f  any module is missing, ail preceding  
pulses are discarded as noise. I f  the  
pulse tra in  satisfies all of the  preced
ing conditions fo r a label, the label 
numerical codes are loaded into memory 
in the Label Data Processor.

The  Label Data Processor verifies  
the  label p a r ity , checks fo r multiple 
Scans of the  same label, and uses the  
wheel sensor signals to id e n tify  each 
car and watch fo r cars w ith no labels.

For. each tra in , a list is then assem
bled and p rin ted  or transm itted to a 
remote computing site.

SCANNER: SYSTEM .IMPROVEMENTS _

In its simplest form , the improve-^ 
ment of a scanner system to read more 
labels which have become, degraded in 
volves two tasks: (1 )  The dynamic
range must be extended downwar^J,,tjo, 
read smaller optical re tu rn s ; a ria , 0 )  
The effects o f noise, e ither ori • fBe 
label o r ir ite rn a lly  to the scanner must 
be reduced. T h a t is , the system gains 
fo r new labels are maintained while im
provements are  made to id en tify  v e ry  
small signals from  degraded labels in 
the presence o f noise from th ree  
sources: (1 )  background noise from
the label; (2 )  noise from the scattering  
of in ternal lig h t; and (3 )  electronic  
noise. With th is  in mind, two stages 
of modifications to the  scanner optics, 
electronics, and label detection sub
system were iden tified :

1. A F irs t S tag e , involved: (1 )  optics
improvements; (2 )  w ider dynamic 
range of th e  fro n t end line d r iv e r ;  
and (3 )  more stable thresholds fo r  
the exis ting  s tan d ard izer. These  
modifications were intended to be an 
early  package which could eventually  
be re tro fitte d  in the field  by the  
m anufacturer a t a cost of $4,500  
(approxim ately 10% of the  in itial 
purchase price  o f the scariner sys-: 
tern). T h e  f ir s t  stage hardw are has 
been designed, fab rica ted , and 
tested, in th e  D O T /T S C  laboratory . 
The tests simulated the key aspects 
of the conditions in the fie ld  and 
were perform ed with a label popula
tion which was a representative  sel
ection of marginal and non-read  
labels provided by the  railroads. 
These modifications were installed in 
a scanner system and d irec tly  com
pared to another scanner which had 
the  m anufacturer's  latest improve
ments and a known readab ility  of 
91.3% established from fie ld  tests . 
The comparison revealed th a t the  
modifications^ produced a readab ility  
im provem ent* o f over 4%.
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2 . Final Modifications are now being  
designed to replace the  s tandard izer  
and the  Label Data Processor m ini
computer with a new detector and 

..... m ulti-scan correlation in a m icro- 
j-v, processor. These modifications will 
^  build on the optics and line d r iv e r  
; improvements of the  F irs t Stage and 
v will take advantage of recent ad

vances in signal detection tech n i- 
,ciq y ses and integrated c irc u it tech - 
;^gpipgy. These modifications have 

been verified  as feasible and , from  
th e  results of a detailed analysis , 
will produce an additional 2 to 2.5% 
increase in read ab ility . T h e y  will 
also involve a major reconfiguration  
of The present fo u r-b o x  system with  
its, air-conditioned hu t into a tw o- 
box, system mounted e n tire ly  on the  

,. scanner wayside pole. T h is  and 
{ -ith e  use of in tegrated  c ircu its  will 

Reduce the initial costs o f the  scan- 
" ner system from the present $40,000  

to $54,000 range down to an es ti
mated price of $27,000. T h e  system  
re liab ility  and m aintainability  will 
also be im proved, reducing the  
scanner maintenance costs from  
$5,100 to an estimated cost of 
$3,400 per year.

FIGURE 8. F IR S T-S TA G E  
OPTICS & LINE D R IVER  MODS

The opti;ics modifications and the
/ ''

line d r iv e r  modifications are  shown in
fig u re  8 and are described as follows:

1. Optics Modifications

A . A new arc source manu
factured  by V arian , In c .,  has 
been substitu ted  to obtain a 
b rig h te r rectangular beam of light 
on the  label. The beam height 
has been reduced by a factor o f 
twp while m aintaining an optical 
collecting and focusing system of 
the same F number as th a t c u r
re n tly  used. The  lamp assembly 
contains a secondary optical sys
tem w ith a well defined illumination 
beam which results  in less internal 
lig h t sca tterin g . Although the  
new source is more expensive  
($475 versus $375), it  has a 60% 
longer lamp life  and can be much 
more qu ick ly  replaced w ithout any 
of the p resent requirem ents fo r  
special alignm ent time and sk ill.

B . A h a lf-s ilve red  m irror has 
been installed in place of the p re 
sent pierced m irro r. The new 
m irror and a la rg e r, more expen
sive lens ($260 versus $60) in 
crease the  lig h t re tu rns  on the  
photom ultipliers:

C. F la tte r fo ld ing and rotating  
m irrors have been installed (a t  
negligible additional costs) to ob
tain b e tte r resolution and more 
repeatable scan-to-scan module 
pulse times from the label. These  
m irrors also operate in conjunction 
with a small lens to obtain a synch
ronization pulse with a .05 micro
second s tab ility  fo r the advanced 
detection processor applications. 
The sync pulse is obtained from a 
reference module placed inside the  
scanner and s lig h tly  below the  
bottom of its viewing window. 
This module can also be used fo r  
optical th ro u g h -p u t checks and 
photom ultiplier gain stabilization  
similar to th a t a lready provided in 
the present scanner.

2. Line D riv e r Modifications

The new line d r iv e r  has an in 
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creased dynamic range of 80 db which 
should be su ffic ien t fo r  the  weakest (1 
m illivo lt) re tu rn s  from v e ry  degraded  
labels. The d r iv e r  has in tegrated  c ir 
cu it operational am plifiers in place of 
transistors  to achieve a h igher immun
ity  to tem perature and power supply  
variations. The optics modifications 
and the new line d r iv e r  have resulted  
in a 3% readab ility  increase and have 
reduced the in ternal lig h t scattering to 
the point where the  dominant noise (o f 
approxim ately 3 m illivo lts ) is from the  
background material and deterioration  
of the label its e lf. An additional 1% 
improvement was obtained through mod
ifications to the  exis ting  standardizer 
at an incremental cost o f $1,250.

FIGURE 9. STA NDA RDIZER  
M O D IF IC A TIO N S

The new standard izer is shown 
along with the present one in fig u re  9 
to indicate th a t the  breadboard elec
tronics were w ell-constructed and are 
d irect p lu g -in  replacements fo r the  
existing c irc u itry . The purpose of the  
modifications was to increase the  dyna
mic range by a fac to r o f 3 (from  46 db 
to 56 d b ) and to provide a stable 
threshold fo r degraded label signals in 
the region of 5 m illivo lts . The stabil
ity  was obtained through the substi
tution of in tegrated  c irc u it operational 
amplifiers fo r  the  tra n s is to r summers 
used in the tap w eight m ultipliers (see 
fig u re  7 ) .  This substitution reduced

the threshold  tem perature sen s itiv ity  
by a fac to r o f th ree  (from  12 mv to  
4 m v, 0° to 50° C ) and resulted in a 
b ette r immunity to power supply v a ria 
tions (from  15m V/V to I m V /V ) . -Sijgnal 
reflections in the  delay line were also 
reduced through high impedance-1 b u f
fe rin g  a t the inputs to the  tap w eight 
m ultip liers . ■

T h e  fina l stage of modifiCatiohsP be- 
gan with an assessment of th e  Capiibil- 
ities of the present s tandard izer "and  
Label Recognition Logic. These sub
systems were well designed to id e n tify  
labels which had signal re tu rn s  as low 
as 1% of those from a new label. How
e v e r, a s ign ificant number o f the  d e
graded tes t labels received from the  
railroads had pulses more than 10 times 
lower (5  m illivo lts) than th is  threshold  
and , in some cases, were bare ly  ^distin
guishable from the  background Yioise. 
In addition to the  threshold lim itation, 
the  unusually s tr ic t requirem ent on 
false alarm rates had led to a design  
where partia l label reads were d is
carded d uring  each scan with no p ro 
vision fo r  scan-to-scan correlation . 
This situation , and recent advances in 
m icrocircuit technology, dictated a ma
jo r modification of the  system detector 
based on gated in teg rato r or matched 
f i l te r  techniques. The new design 
started with the requirem ent fo r  an 
accurate location of the label from  
which the signal energy could be 
accurately gated into an averaging c ir 
cu it. The averaging c irc u it would be 
followed by a matched f i l te r  fo r  module  
decoding which operated from an in 
stantaneous estimate o f the;; label's 
width and position in tim e. Th is  de
sign was complicated by th ree  p ro 
blems: | ,

1. The pulse w idths v a ry  as the  arc  
tangent o f the ratio  o f th e  label 
height to its horizontal distance  
from the  scanner.

2. The  pulses have a wide variation  in 
amplitude from module to module.

3. Vertical motion of th e  railroad car 
can cause a continuous s h ift in 
pulse location, by as much as 1 /6  of 
a pulse w idth during  each succes
sive scan.
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These problems were solved w ith th e  
following designs:

1. A Voltage-Controlled O scillator 
‘ ?(VCQ) with a secant-squared furtc-

■ tion is used to v a ry  th e  system  
clock rates. This results in. the  

, detection of pulse tra in s  w ith an 
' ^^veh spacing and w idth which is 

! j*”“rfhsdependent of vertica l position .

2 . A Label Locator is used to  take  ad
vantage of the fac t th a t th e  13 r e g 
u la rly  spaced label modules are  a 
unique pattern  on the ra ilroad  car 
side. The input to th is  locator is 
fixed -leve l d igital pulse obtained  
from an adjustable threshold  detec
tion of the  analog label, signals. 
The outpu t of the locator vis the

I label location tim e, pulse w id ths , 
and an indication of the  confidence  
in these two measurements.

, . 3. A Signal Processor and Module De
coder uses the label locator outpu t 
from the previous scan to perform  a 
matched f ilte r  averaging o f each 
module's pulse energy d uring  the  
c u rre n t scan. Th is  inform ation is 
then fed into a tapped delay line 
where the  half-module and interm od
ule, spacings are stored  ̂ T h e  mod
ule is then decoded and fin a lly  as
sembled into a label identification  
and a confidence indication on each 
module's detected d ig it value.

4 . A Microprocessor is used fo r  ’ multi -  
scan correlation of the large number 
of label identifications and confid 
ence indications obtained on each 

1 scan from the module decoder. For 
the tra in  speeds usually encountered  
(speeds above 40 miles p er hour are  
extrem ely ra re ) a t least 10 id e n ti
fications are available. The  most 
like ly  identification ahd th e  confid
ence on each module are then stored  
as the  car identification.

F igure 10 illustrates the' method fo r  
locating a label with tapped analog de
lay lines made from  charge-coupled de
vices (C C D 's ). As the  label's combi
ned red and blue signals pass by in 
tim e, a set of windows matched to the

label pattern  are  observed fo r the  
sum of colors in all windows. The  
sum has a tr ia n g u la r form which 
peaks when the  label is exactly  
aligned w ith the  windows. This  
analog label location technique re 
quires an a rra y  of fiv e  such w in
dows of successively smaller length  
and window size in o rd er to match 
labels in the  range of horizontal 
distances from th e  ‘ scanner. A 
breadboard version of a single 
a rra y  has been constructed and 
has located v e ry  degraded labels 
with pulses as low as 5 m illivolts. 
The location accuracy was within  
1 /6 th . of a module w id th . As a 
backup measure, a second a ll-d ig i
tal label locator u tiliz in g  the  pulse 
symmetry was constructed and 
tes ted . T h is  locator had the  same 
accuracy as th e  analog version and 
could locate a s ign ificant number 
of the  laboratory  te s t labels which 
were not read b y  the  scanner.

LABEL

FIGURE 10. CHARGE-COUPLED i  
DEVICE LABEL LOCATOR s

FIGURE 11. ADJUSTABLE  
THRESHOLD DETECTO R
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The princ ip le  o f adaptive threshold  
detection is illu s tra ted  in fig u re  11. 
H alf-am plitude leading edge detection  
independent o f th e  pulse amplitude is 
obtained th rough an "anding" opera
tion of the  signal am plitude, the  sign 
of its slope, and its inflection points. 
All o f  these conditions will be met fo r  
band-lim ited signals a t the  half-am pli
tude po int. The detector also has a, 
threshold setting to reduce false alarms 
and contains a gated delay to suppress  
noise spikes.

The microprocessor is commercially 
available in a "M il.S p ec ."  version w ith  
a 0 .5  microsecond clock cycle time. 
The in p u t data is 16 e ig h t-b it  words 
p er scan which includes ^1 words fo r  
the  car identification and the  p a rity  
d ig it. Four thousand words of Ran- 
dom-Access-Memory (R A M ) are required  
fo r the I/O  b u ffers  and 64 .scans of 
data storage. The software program  
will occupy 4 ,000 words of Erasable  
Read-O nly-M em ory.

FIGURE 12. LABEL LOCATOR & 
POST D ETEC TIO N  

PROCESSOR

The fu ll system block diagram fo r  
the label locator and the  detection pro
cessing is shown in fig u re  12. The  
label locator is indicated on the top 
p a rt of the fig u re  w here the  combined 
red and blue channel d ig itized  pulses 
are fed into the  a rra y  o f fiv e  matched 
f ilte rs . The highest amplitude of all 
of these f ilte rs  is identified  by a very  
fas t (5  M H z) peak detector which has 
been designed and tes ted . The detec
tion processor is shown in the  bottom 
p a rt of the fig u re  and contains the  
signal averager w ith  an h ( t )  impulse 
response which varies  as the label 
length. . The signal average dynam i
cally varies th e  gains in the  separate  
red and blue channels. The  resulting  
signal is then passed on to the  module 
detector which identifies  each module 
and its associated detection confidence 
level.

FIGURE 13.
SYSTEM TEST F A C IL IT Y  

SCANNER SYSTEM TESTIN G

Figure 13 illustra tes  the D O T /T S C  
laboratory te s t fa c ility  where the  read
ab ility  improvements were measured (a  
photograph of th is  fa c ility  is contained 
in an earlie r paper in these proceed
ings entitled  "O verview  of F re ig h t Sys
tems R&D ". )  A label motion generator 
holding up to ten railroad labels was 
constructed to simulate horizontal label 
motion past the scanner system. 
Speeds up to fiv e  miles per hour were  
obtained from a c h a in -d riv e r c a rr ie r .  
An extensive hardw are in terface and a 
microprocessor system were also deve l
oped fo r a tes t control and m onitoring  
capab ility . These, included an operator 
display and keyboard , control of label 
Speed, and recording of the label read 
status on a p r in te r  and cassette tape . 
The fre ig h t car wheel sensor signals 
and speeds h igher than fiv e  miles per
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hour were simulated. O ff- lin e  data  
analysis, comparing the  scanner read 
values with the  actual label iden tificar  
tio n , was performed on a large time^- 
shared computer fa c ility .
' A tes t label population of 54 labels 

w*as carefu lly  selected from 129 de - 
graded4 labels supplied by the  r a i l 
roads. -T h e  selection process involved  
the*^identification of the non-read and 
marginal read labels and a matching of 
the  percent of non-read e rro r , causies 
(dam age, d ir t ,  bent backing p la te , 
e tc .)  w ith the d istribution  of e rro r  
causes in the  fie ld . An analysis re 
vealed th a t the e rro r causes were inde
pendent of car type (box c ar, hopper, 
etc? ). This enabled the tests to be 
performed at a fixed distance which 
was representative  of the  distances of 
car types in the national fle e t. R epre-. 
sentative speech were also obtained  
from field  data.

The measurement of improvements in 
readab ility  over the  known 91.3% read 
ab ility  of the  m anufacturer's reference  
scanner system were based on a newly  
developed readab ility  c rite ria  called a 
Figure of M erit (F M ). The FM was 
created from a close examination of the  
standard izer input signals and a know
ledge of its central detection mechan
isms. These examinations suggested a 
ratio o f two term s: (1 )  The average
value of the  pulse heights in th e  red  
and blue channel; and (2 )  A denomina
to r which was the sum of the ratio  o f  
the largest to smallest signal amplitudes 
in each* channel. This Figure of M erit 
ratio represented the combined effects  
of thresholding and delay line re flec 
t iv ity  constraints in the  s tan d ard izer. 
A functional relationship between 
values of the FM and known fie ld  read
abilities was then established fo r  the  
54 tes t labels and was closely ap p ro x i
mated by:

• ( D
Readability = 1 -  (F ig u re  of M e rit)

A ran k-o rd ered  correlation of the* 
read and non-read status of the 54 tes t 
labels in decreasing values of the  FM 
showed significant results: A corre la 
tion of 0 .97  was obtained in the  d e te r
mination of the readability  of a single 
label from its reference s ca n n e r' FM

value. M oreover, the  FM value fo r  
labels read by the  reference scanner 
always established its readab ility  at 
91% regardless of th e ir  distance w ithin  
th e  scanning region. Th is  resu lt en^ 
abled the increased readabilities of an 
improved scanner to be d irec tly  de
rived  from the increase in  the number 
of labels, it  read over the  reference  
scanner. The increased readability  
established by equation 1 was ' easily  
obtained from  a tab le  look-up of th e  
corresponding FM value fo r  the  im
proved number of reads.

PART I I :  OACI LABEL PROPERTIES

The Scotchlite engineering grade  
(commonly used on the  highw ays) is 
used as the basic material in the manu
facturing  of OACI modules and consists., 
of a superposition of e ight layers with  
d iffe re n t physical p roperties . Figure  
14 shows a schematic cross section of a 
standard module. T h e  removable cover 
sheet ( 1 ) ,  when peeled o ff , exposes a 
self-adhesive layer ( 2 ) .  The second 
layer (3 )  is a moldable cushioning 
coating. The re flec to r coating (4 )  in -

CROSS SECTION OF A - 
STANDARD OACI MODULE

FIGURE 15. SCHEM ATIC  
CROSS SECTION OF AN 1ST 

OACI MODULE
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eludes metallic flake  pigment particles;
(5 )  contains a tran sp aren t color p ig 
ment; (6 )  contains a tran sp aren t color 
pigm ent in which is p artia lly  embedded 
a single surface layer of glass beads 
( 7 ) ,  which g ive re tro -re fle c tiv e  p roper
ties when illum inated. There^are  up
wards of . 1550 beads per cm . The  
tra n s p are n t coating (8 )  over the layer 
of glass beads bonds ,to and conforms 
to the  exposed fro n t surfaces of the  
beads and the  b inder coating (6 ) ,  
F in a lly , the  silk  screened (9 )  color- 
coded layer receives the  protective  
coating (1 0 ) .

F igure 15 shows a schematic cross 
section, o f an Improved Surface T re a t
ment (1 S T ) module which is similar to 
the  standard label w ith the  addition of 
a layer o f fluorihated. e th y len e -p ro p y
lene (F E P ) Teflon 2 mils th ick  film
(1 1 ) p u t on a layer (9 )  with a self- 
adhesive (1 0 ) .  The  Teflon layer p ro 
vides an in e rt surface which does not 
collect nearly  as much d ir t  as the stan
dard label, th e re fo re  considerably ex 
tending its life  in th e  railroad environ
ment.

To evaluate the optical properties of 
the OACI modules (b lu e , red and 
w h ite ), fo u r param eters should be 
measured: (1 )  the  wavelength X max,
fo r maximum retroflectance; (2 )  the  
bandw idth , between the  10% points;
(3 )  th e  re tro -re flec te d  fu ll beamwidth 
angle, A ; and (4 )  the  optical re tro re -  
flectance, G . The prim ary  parameter 
of in te res t is the  retroreflectance, G, 
which is proportional to the  signal vo l
tages a t the  detector input.

LABEL LIFE ESTIM ATES

Previous estimates of label life have 
been made from visual judgments of 
label q u a lity . The  judgments have 
proven unreliab le  since th e  human eye 
does not see the  labels in the same way 
the scanner system views them. The  
estimates of the  operational life expec
tancy in th is  paper have been based 
on fie ld  data from the  Canadian Nation
al Railways and on weathering data 
supplied by the  3M Company at fixed  
tes t installations fo r Scotchlite modules 
which were exposed in a south-facing  
direction . The  estimation of the OACI

label operational life  expectancy is com
plicated by th e  fa c t ,th a t  a defin ition of 
operational life  has not been form ulated  
and th a t labels are: (1 )  installed with
d iffe re n t degrees of q u a lity  control 
(especially substrate p re p ara tio n ); (2 )  
exposed to d iffe re n t kinds of natural 
environm ent ( i ;e . , solar rad iation , 
ra in , snow, e tc .) ;  (3 )  subjected to  
d iffe re n t railroad environm entst s trongly  
dependent on typ e  of car and , cargo; 
and (4 ) subjected to d iffe re n t levels o f 
maintenance. In o rd er to properly  
assess 3 , 8 the  fie ld  Scotchlite  
weathering and OACI label data and 
translate  it  into operational life  e x p e c 
tancy term s, an understanding is re 
quired of the causes a n d /o r mechan
isms which a ffect label operational life  
fo r d iffe re n t label s tru c tu res  ( i . e . ,  
standard , 1ST, and s ta n d a rd ^  over r 
layed ).

For the OACI label operational life? 
the  following defin ition applies: OACI
label operational life  |s the tim e, T ,  
required in a given environm ental and 
maintenance condition to reduce the  
original re tro reflectance, G , of any of 
the 13 modules to 5% of its original 
value. (T h is  value is conservative and 
is consistent with the present and im
proved 1% minimum system voltage fo r  
the scanner system ). Since th e  reduc
tion in retroreflectance is affected by  
the environm ent, operational conditions, 
an d /o r level of label maintenance,, it  is 
im portant to qua lify  th is  defin ition with  
these factors.

The f irs t  source of data fo r the  
label, life estimate was based ..on data 
from the 3M Company. 3M has con
ducted, over the years , .w eathering  
tests at th e ir  d iffe re n t te s t sites of 
the Scotchlite and OACI modules ,(s tan 
dard and 1ST). These tests consisted 
Of the  measured G , along w ith spectral 
retroreflectances and chrom aticity coor
dinates.

Figure 16 gives the  results  of tests  
at Texas (a )  and Florida (b )  fo r  
Scotchlite, The data consists of ap
proxim ately 100 data points per year 
from 20 samples of each of the  follow
ing colors: b lue, g reen , re d , s ilv e r,
and yellow. An evaluation of the ave r
age solar insolation at ground level at 
both sites and, tak ing  into account the
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different orientations (vertical and slanted at; 45°), led to the conclusion that the ratio of total integrated solar radiation on the samples tested in Flojqda and Texas is approximately two. FieTd,':tesi:s for standard OACI modules rendered similar results to the field testŝ of' the Scotchlite material. By observation of the data given in figure 16, Is,’clear that to reach a given G in t^ ‘̂Jfqri'da samples, it will take one- half pt „|he time that it took in Texas. This ̂ suggests that the difference in sojar radiation input is the cause. Further analysis of the Scotchlite also suggests that the reduction of G appears to be mainly due to changes in the bulk of layer #8 due to polymerization and on the surface of layer #10 (see figure, 15) due to loss of gloss.

FIGURE 16. SCOTCHLITE RELATIVE OPTICAL RETROREFLECTANCE,G, „VS. WEATHERING TIME AT:
(A)  TEXAS, SAMPLES ORIENTED VERTICALLY;(B) FLORIDA, SAMPLES . ORIENTED 45° TO THE HORIZONTALBased on the limited data (9 samples over 20 months exposure) available, it appears £bat; the 1ST modules do not weather any differently than the standard modules. That is, the Teflon material does not provide any protection against solar radiation.The second source of data for life estimates was obtained from the CNR

in-service evaluation of 1ST labels.In February 1970, one 1ST and two standard labels were applied. to ,each side of,20 "Dane Ore" captive fleet cars in service between Hamilton, Ontario, and the iron mines in Northern Ontario. These cars are exposed to a severe environment in passing through the mine and the steel plant to automatic ore loading and unloading operations. As a result of CNR laboratory measurements on some of these labels, and after five and seven years in-service, reductions in retro reflectance of 3.3% per year and 2.2% per year (a mean of -2.8% per year) were respectively obtained. The ratio of this value, to the -4% per year observed by the 3M Company (figure 16a) for the Texas test site is 0.7, which is the estimated ratio of the yearly solar exposure on a vertical surface facing south in Texas to the region where CNR conducted the tests.Since the tested CNR labels are seven years old, the 2.8% per year (4% per year x 0.7) adjusted rate from the 3M Company tests (figure 16) is applicable and is the same value obtained by the CNR. Based on the 3M data in figure 16 and yearly solar exposure adjustments, the 1ST CNR labels decay will increase up to 7.7% per year after a 10 to 11 year period. Allowing for an uncertainty on the order of 15%, the estimated operational life of the 1ST CNR labels will be approximately 17 years. This estimate is based only on module performance and not on other overriding mechanisms such as damage and deterioration of the background surface.Simultaneously with the 1ST label evaluation, the CNR carried out the evaluation of overlays on in-service labels from the "Dane Ore" captive fleet. The experiment indicates that the self-adhesive on the Teflon has improved the standard label surface conditions and that Teflon improved the label life to the point where it had the 1ST performance.
LABEL ALTERNATIVES
Review of available OACI label operational data obtained by railroads

10
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and test data obtained by the 3M Company on the two different types of material (standard and 1ST) shows a wide range of railroad reports on label operational . lifetimes. This apparent disparity can be explained on the basis of three factors:
1. Different definitions of OACI label operational lifetimes,
2. Non-uniform quality control on label assembly by different assemblers, and
3. Different characterizations of the label population and the railroad environment.

In cases where the 1ST label does not satisfy the operational needs, label alternatives can be suggested. These alternatives could be applicable for different car and service types as well as for given operational life expectancies.The main concepts developed in the FRA's OACI program and used in one of the new label designs are:
1. Use of materials, practically not affected by solar radiation over a 15- year, period;
2. Substituting automatic means of label, s construction for the present manualassembly methods;
3. Physically separating the addition of the label color from the retroreflec- tiye material (that is, the colors are added as a separate layer during■< construction);

P • . •:
4. Introduction of rugged modules which can be easily handled and inserted in the field; and
5. An outer layer of 5 mil thick abher- ent film (e.g., Teflon FEP to protect the module surface.
An alternative module design shown in figure 17 consists of a Plexiglass back plate with a cavity to receive the silver Scotchlite High Intensity Grade Module covered by a front plate which is made of the same material used for

the blue and red filters in the scanners. The front and back plates are sealed to completely isolate the Scotch- lite from the elements. A 5 mil thick Teflon FEP layer is applied for surface protection. The modules are dropped into cavities made in an aluminum back plate. Prototype modules of this design have been , successfully " made and photometrically tested. The retrore- flectance is equal to the 1ST modules and the color match of the red and blue modules with the spectral transmittance of the respective scanner channels is perfect and does not change with time.

FIGURE 17. ALTERNATIVE MODULE DESIGN
PART I II: OACI SYSTEM ENHANCEMENTS " _ "T •
The OACI scanner , system improvements offer a number of new capabilities which can be used by the railroads in their OACI maintenance program and their management information system. These new capabilities can be summarized as follows:

1. Confidence levels on" all digits of the car identification can be automatically correlated with "advanced consist" car identifications lists; even in cases where on|y a few digits are recognizable from a very degraded label.
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2. The scanner system can provide train speed and direction data previously obtained from the wheel sensors. The speeds can be derived, from the number of label locator outputs and the known synchronous speed of the scanner rotating mir- i ror. Train direction can be obtained from the asymmetrical structure of the label "start" and "stop" modules.
3. A communications microprocessor can be installed in the scanner to permit multiple scanner polling by the management information system computer. The polling will enable a serial connection of large numbers of scanners systems at a reduced cost for communication lines.
4. Thorough system error and status checks of the scanner system and labels can be performed for maintenance purposes. This includes intercomparisons of scanner readabilities, the early identification of labels needing repair or washing, and more elaborate through-put checks on each scanner's operating condition.
The cost-effectiveness of these enhanced capabilities should be evaluated in the context of each individual railroad's operations. Quantitative information for this evaluation can be obtained by including the capabilities of the OACI Alternatives Evaluation Model in tĥ  Classification Yard Simulation model.

SCANNER SYSTEM 
OPTIONS READABILITY1

- NEW SYSTEM2 
CAPITAL COSTS FIELO3RETROFIT COSTS YEARLY MAINTENANCE COSTS4

ONEUNIT
$00

UNITS ONEUNIT sooUNITS ONEUNIT SOOUNITS
1. FULLY MOOlFtEO 

SCANNER 94-975 5 S27K EI4M sm S9M S3.4K S1.7M

2. PARTIALLY IIOOIF1EO SCANNER 92-951 S49K S2SM S4.SK S2.3M $5.1 K S2.6M

3. MANUFACTURERS'LATEST MODIFICATIONS 08-911 S47K S2SM - SS.IK S2.6M
4 TYPICAL EXISTING ' SYSTEM 78-861 S47K S2SM - SS.U S2.6M

NOTES
1. LOVER LIMITS INCLUDE WHEEL SENSOR AND MAINTENANCE PROBLEMS (ESTIMATED LOSS 31); UPPER LIMIT IS FOR SCANNER SYSTEM ALONE
2. ONE-KUNORED LOT BUYS
3. COSTS TO UPGRADE EXISTtNG SCANNERS IN THE FIELO
4. COSTS INCLUDE 405 MONTHLY WHEEL SENSOR MAINTENANCE AND 605 SCANNER MAINTENANCE
5. PERCENT READABILITIES EXCLUDE CARS WITHOUT LABELS AMO MISAPPLIED LABELS

TABLE 1. OACI SCANNER READABILITY AND COSTS

CONCLUSIONS
This paper clearly indicates that significant improvements in OACI scanner system performance and costs are achievable. The extent of these improvements are summarized in Table 1 where the Final and First Stage of modifications are respectively listed as items 1 and 2 of the scanner system options. The table indicates the range of readability accuracies for each option and identifies one-unit and 500-unit initial purchase costs, field retrofit costs, and yearly maintenance costs. The final modifications will increase the scanner readability to 94%-97% enabling a reduction in initial purchase costs from the range of $40,000 to $54,000 down to $27,000. The scanner system yearly maintenance costs would also be reduced by $1,700 per year, yielding a $3,400 yearly cost after the wheel sensor maintenance is included. Alternatively, a scanner system performance of 92% to 95% is achievable through a $4,500 field retrofit cost for the first stage of modifications.
In the OACI label area, a number of significant conclusions are made. These are:

1. The main non-reversible cause of OACI module degradation over the years is the change in physical properties of the upper layer of Scotchlite due to solar radiation.
2. A reversible cause of OACI standard module degradation is loss of gloss of the module surface due to the natural environment or to abrasion. This loss of gloss can be corrected by maintenance or module redesign.
3. Data from two sources (the label material manufacturer and the Canadian National Railways) leads to a 17-year estimate for the label's operational life.
4. Teflon overlay on the modules has been completely effective in protecting the Scotchlite base material and extending its life.
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5. Labels of new design using materials not affected by solar radiation and optically matched to the scanner Can be developed.
In closing, the railroad industry has a large prior investment in the OACI system. It is believed that the improvement effort and the enhancements Reported will assist the industry in making its decision on any future investment in automatic car identification.' ■'
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TRUCK PERFORMANCE - FRICTION SNUBBER FORCE MEASUREMENT SYSTEM
BY

G. FAY
K. CAPPEL

With all its truck and carbody instrumentation, Phase I of the Truck Design Optimization Project found that adequate transducer systems for the measurement of forces in the friction snubber were non-existent. This paper documents the design, testing and potential utilisation Of such a system, fabricated and tested by WyI e Laboratories.
INTRODUCTION
Within the last decade, an increasing amount of research has been directed toward improving the performance of the three-piece freight car truck. Truck manufacturers have designed and built several new truck configurations as well as added special purpose components aimed at improving such performance parameters as ride quality, lateral stability, and curve negotiation. There has been a great deal of testing by both industry and government for the evaluation of the comparative advantages afforded by modified or new trucks under a range of operating conditions. Of course, testing was conducted on the standard three-piece friction snubbed truck to establish quantitative performance characteristics as a base for the evaluation of new or modified designs.While the conclusions drawn from many of the test results were very often Contradictory, the methods of truck performance evaluation, have steadily grown more rational. Much of the technological advance can be. attri

buted to the parallel use of mathematical simulation and full-scale testing. The mathematical models used in simulations are necessarily idealized as they are linearized to reduce comput-. ing time, and because many of the nonlinear parameters in truck dynamics are not quantified.In 1974, the Federal Railroad Administration awarded a contract to the Southern Pacific Transportation Company for the performance of Phase I of the Truck Design Optimization Project (TDOP) which had the . objective of quantitatively characterizing the performance of the general purpose freightcar truck. The Contractor was primarily concerned with the evaluation of the two most commonly used three- piece trucks: the American SteelFoundries (ASF) “Ride Control" truck, and the Barber S-2 truck; the first . incorporates constant snubbing friction, and the second, load-dependent snubbing friction. TDOP Phase I instrumented new 70-ton (63,502 kg) and 100-ton (90,718 kg) ASF and Barber trucks to measure accelerations, normal contact forces at the roller bearing adapters and relative linear and angular displacements between side frames and bolster. Relative rotation between truck and carbody bolsters was also measured.It was soon recognized that instrumentation was not available to measure the forces transmitted through the spring loaded friction shoes or wedges between the side frames and bolster. In theory, it might have been possible
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to derive the friction forces by comparing measured accelerations and displacements with the calculated dynamics of a system without energy dissipation.It was also apparent that this approach would not only be cumbersome and expensive in computer time but would not lead to an accurate determination of the friction forces. In November 1974, a preliminary design concept of a transducer system to measure theforces between side frames and bolster was submitted by Wyle Laboratories for review.
ENGINEERING CONSIDERATIONS
Although the bolster-side frame connection is structurally and mechanically simple, it performs a multiplicity of functions:o Vertical support of the carbody weight through the spring nest.
o Centering of the bolster between the side frames through lateral spring forces.
o Partial isolation of the carbodyfrom shock and vibration through the springs in both vertical andlateral directions.
o Dissipation of energy in both vertical and lateral directions, through the friction wedges and wear plates.
o Equalization of wheel loads on uneven track, by permitting relative pitch and roll displacement.
o Transmission of longitudinal braking forces, also through the friction shoes
o Limitation of excessive relative displacements through the bolster gibs.
Examining these functions it is important to note that the friction, shoes are involved in four of the eight interactions between side frame and bolster. The non-rigid connection between side frame arid bolster permits relative mo

tion in six degrees of freedom and consequently transmits six generalized forces—three forces and three moments --between the friction shoes and wear plates.The tapered surface of the friction shoes presses against the mating surface of the bolster, and the wedge action results in a normal force between the vertical shoe surface and the wear plate. This is generally referred to as the column pressure. The two shoes at each bolster end load each other. Relative vertical or lateral displacement of the bolster gives rise to corresponding friction forces. Braking forces are transmitted by increasing friction forces on the rear shoe unless the column load js exceeded which results in gib contact. Relative bolster roll, in which plan contact between friction shoe and wear plate is maintained, applies a roll friction moment on the side frame column.
The remaining two rotations, rela* tive pitch and yaw, give rise to more complex interactions as both the slanting and vertical surfaces can no longer remain in plane, contact with the bolster and wear plate, respectively. The resulting edge-to-surface contact is an important cause of wear, both in the . bolster pocket and at the upper and lower edges of the vertical shoe surface. The high restoring moment in yaw, also in pitch, occurs when the side frame is yawed with respect to the bolster and plane contact at either the sloping or vertical surfaces of the , friction shoes changes to contact at diametrically opposite wear plates or contact points in .the bolster pockets. Rotation qf this diagonal into the center plane of the side frame thus requjres that the distance between opposing friction shoes be shortened. The friction shoes thus move closer together, and in so doing slide inward afong the slanted mating surfaces with the bolster. This causes additional compression on the snubber spring, and since the vertical load has not changed, there is a slight rise in the bolster with respect to the side frame in the case of load-dependent snubbing. The potential energy of
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elastic deformation is merely redistributed between the suspension and snubber springs. Thus, yaw rotation increases the potential energy of the system by raising the weight carried by the bolster. For load independent snubbing, where the snubber spring is based on the bolster, the entire potential energy is stored in the snubber spring. In either case, the reactions due to skew are applied at diagonally opposite edges of the side frame column, thus providing a yaw restoring couple.All of the load paths discussed above were considered in the design of the Friction Snubber Force Measurement System (FSFMS).
MANUFACTURING TECHNOLOGY AND CONCEPTUAL DESIGN
The technology applied to the FSFMS was available in the field of towing tank testing where "force blocks" are utilized to measure the forces and moments applied between a moving carriage and a towed ship model. A force block is ..a hollow, roughly cubical block of alloy steel mounted at opposite sides to the objects between which, forces are to be measured. The other four sides are machined so as to leave short cantilever beams instrumented with strain gages to measure bending stresses respiting from shears applied at the mounting surfaces. Additional strain gages are provided for nulling stresses due to normal forces.In measuring several degrees of freedom, the load path must pass through each transducer in turn. In other words, the transducers must be in series or cascaded. Cross coupling of signals is minimized by making the blocks very stiff in both shear and compression along all axes not used for measurement. In the case of the FSFMS, an additional requirement was symmetry of the load path in order to preclude unsymmetrical deflections that would alter the contact geometry between the friction shoe and the wear plate. In addition, all force blocks had to fit within the envelope of the side frame.

The original design concept of the FSFMS is shown in figure 1. The wear plate is welded to an adapter which in turn is bolted to a single vertical force block. The opposite face of the force block is bolted to an adapter to which a pair of lateral force blocks are mounted. Two normal force blocks are attached above and below, and are in turn bolted to an adapter rigidly mounted on the side frame. The adapter between the vertical and lateral force block divides the load path into two symmetrical sections which ensure that any tendency of the wear plate to tilt under unsymmetrical loading is minimized.The five force blocks are capable of measuring two of the three moments applied by the friction shoes: Thepitch! moment is found from the differential loading of the upper and lower normal transducers, and the roll friction moment from the differential loading of the upper and. lower lateral transducers. . Space limitations precluded a transducer configuration capable of measuring a yaw moment; however, the increased column load due to yaw can be . measured. An exploded view of the transducer as built , is shown in figure 2. Space limitations in the side frame also required that the normal and lateral force transducers be combined into a single unit. Each individual transducer is compensated against cross-coupling between the vertical and normal transducers. This is due to the fact that the plane of the mounting adapter to which the ; lateral and normal ' force transducers are attached is.offset from the plane of the; wear plate adapter carried by the vertical, transducer. A vertical friction- force thus produces a moment which is resisted by equal and opposite normal forces. The forces making up this couple must be distinguished from unequal normal forces due to a vertical offset of the center of friction shoe pressure from the center of the wear plate whiCh occurs with bolster displacement. The correction factors were established for each transducer assembly by calibration and must be used in the reduction of data collected in road, tests.
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FIGURE 1. BASIC CONCEPT OF FORCE TRANSDUCER

FIGURE 2. EXPLODED VIEW OF TRANSDUCER ASSEMBLY
MODIFICATION OF SIDE FRAMES
To be capable of running across the country under cars in revenue service, the modified, instrumented trucks had to be able to withstand normal shock loads, resulting in stresses below the fatigue limit as specified in AAR M-203- 65. This required the side frame to be tested under a lateral load of 35,000 lb (15,876 kg) without exceeding the deflections listed in the standard. This led to a modification Of the original design.An opening in the center , of each

column of the side frames was required to accommodate the wear plate adapter which transmitted friction shoe forces to the transducer assembly mounted behind it. Originally, the entire column was to have been removed and replaced by two heavy weided steel bars. The bars would serve the double purpose of providing both reinforcement of the open center and a mounting surface. Removal of the entire column might have caused more deformation in the side frame than could have been corrected. Therefore, only the column web behind the location of the wear plate was removed after the reinforcing bars had been welded. The modified side frames were then stress relieved with the center opening of each side frame stabilized by diagonal braces to preclude distortion. A modified side frame of the Barber S-2 truck is shown in figure 3.The critical dimension maintained in the modification of each side frame was the distance between wear plates: 17-3/4 in. (0.45m) in the ASF truck and 17 in. (0.43m) in the Barber S-2 truck. This spacing determines the column load with the given bolster and friction shoe geometry, and the spring characteristics. With the dimensions of the transducer stack between the wear plate and the mounting adapter flanges given, the offset between the face of the wear plate and the back surface of the reinforcing bars determined the spacing between the wear plates. Care was taken in the fabrication to prevent distortion.A preliminary stress analysis indicated that the modified column when treated as a rigid frame with infinitely stiff girders had ample istrength to resist a concentrated transverse force of17,500 lb (7,938 kg) applied at the center of one of the reinforcing bars. This represented one-half of the specified 35,000 lb (15,876 kg). The ledges surrounding the wear plate where concentrated lateral force would be applied by one or the other bolster gibs were the weakest point in the modified column. Removal of the Column web deprived the lip of a backup and caused the gib forces to be resisted by a portion of the lip in cantilever
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bend)rig. ’ A bar with tapered edges was welded to the inside of the cut to provide reinforcement, and the' rear edges of the wear plate, adapter were tapere'd to provide clearance, in the reduced-opening.

FIGURE 3. MODIFIED // BARBER S-2 SIDE FRAME :
TRANSDUCER CONSTRUCTION AND ASSEMBLY :• ;;
The transducer components were machinied from 17-4. pH precipitation hardening steel with a yield ..strength of 140,000 psi (965,266 x lO'3 N/mz). Simultaneous application of a normal load of 6000 lb (2722 kg) and vertical and horizontal friction forces of 3000 lb (1361 kg) each would produce stresses of only about 20,000 psi (137,895 x 10J N/rrr). Therefore, an ample- margin of safety is provided for unforeseen overloads.The 35,000 lb (15,876 kg) lateral load does not pass through the force blocks: and'therefore posed no problem for the transducer design. A portion of this load, however, must be resisted by the U-shaped mounting adapter which is flange mounted on the column reinforcing bars and forms a structural tie across the column opening. The stiffness in the lateral load path through the mounting > adapter was therefore lowered. As shown in figure 4, the thickness of one web between the transducer mounting plate and its flange was reduced so that it would act as a flexure; The opposite bracket is connected to the transducer mounting plate by a stainless steel pin assembled in self-lubricating bushings.

This bracket transmits essentially all of the lateral friction forces from the wear plate to one column reinforcing bar. Under a lateral impact force high enough to decrease the distance between the reinforcing bars, the flexure will minimize the portion of the load transmitted through the mounting adapter.The two-piece mounting adapter greatly eased the assembling of the transducers, in the confined space of the . side frames. Individual components were introduced one at a time and tightened with a torque wrench in a threadlocking compound. Some interferences between transducers and fillets in the side frame castings were found behind the column, above and below the cutout. Some of these interferences were due to variations between castings, and it was necessary to bevel the edges of the lateral and normal force transducers as well as the rear edges of the cutout. Modifications were also required in the same area of the lower two bolts of the mounting adapter in the case of the Barber truck to provide space for assembly. Figure 5 illustrates the completely assembled transducer in the ASF truck.
CALIBRATION TESTING
The tests conducted on the FSFMS were intended to demonstrate performance of the transducers in the truck under some simulated operating conditions without reproducing all aspects of the rail environment which would haive required more complex and costly test equipment. Only vertical and lateral movements of the bolster were generated during testing, the latter displacement considered essential to prevent the formation of vertical grooves in the friction shoes. To minimize the hydraulic power required to move the bolster, only two springs were installed in each side frame. More springs should have been used to prevent rocking of the side frames about their roll axes; however, this motion demonstrated the capability of the transducer assembly to identify friction torques due to roll.
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Figure 6 depicts the Barber S2 test setup which was, of course, identical for the ASF Ride Control Truck. An existing test frame was modified by adding four pedestals to support the pedestals of the side frames and to restrain them laterally. A beam simulating the carbody bolster was nested by a center plate in the truck centerbowl. The beam was raised and lowered by a pair of double-ended double-acting hydraulic actuators controlled by elec- trohydraulic servo valves. Linear Differential Voltage Transformers (LVDT's) mounted on the actuators provided position feedback. A third horizontal hydraulic actuator mounted on a bracket atop the test frame provided lateral motion of the simulated carbody bolster. A central frame guided the bolster beam in a vertical plane through grease lubricated rubbing plates. Vertical and lateral relative displacements between the bolster and each side frame were measured by LVDT's.

FIGURE 4. ASSEMBLY REAR VIEW
Outputs of all 20 force transducers, the four bolster-side frame LVDT's, and the three actuator LVDT's were recorded on four oscillographs. All calibration factors for the force transducers were established with the friction shoes out of contact with the wear plates. In the ASF truck, the pins that lock the shoes against the springs were left in place until after calibration was completed. In the case of the Barber truck, the bolster was lifted

by crane to unload: the friction shoe springs to a . point-1 where the- shoes could be moved manually away from the wear plates. ‘

FIGURE 5:. TRANSDUCERS IN ASF TRUCK

FIGURE 6. BARBER S2 TRUCK QN TEST STAND
For the first test series,, the bolster was lowered until the springs were compressed to about lialf. their travel . The bolster was then oscillated about this position through We amplitude of + 3/4- inch ( + 0.19m) at a frequency of 0.1 Hz. Simultaneously, the bolster was displaced laterally through an amplitude of +1/4 inch f .006m) at: a frequency of t.O Hz. ;. Next, a sine "sweep was performed, with the frequedcyv: gradually increasing and the amplitude /decreasing . During this test considerable wear -was taking
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place at the friction shoe wear plate interface indicated by black powdery debris. The normal forces being measured were increasing beyond estimated levels, and gouging of the wear plates was noted. The Sine sweep was terminated at 8.0 Hz as it was, recognized that considerable time was required for the friction shoes to wear to service levels. ,The trucks were then: disassembled and the vertical surface of the friction shoes lightly ground to remove larger asperities so that the forces measured during the tests would be more representative of those occurring in service after wear-in. the first, test described was repeated and the measured normal forces were in the expected range for, both trucks. the side sweep test was eliminated to prevent the localized wear at small amplitudes.Static friction in the snubber system was checked by very slowly moving the bolster downward one inch /from the centered position with the hydraulic actuators under manual’ control. Also, before disassembling the trucks for friction shoe grinding/ the truck was forced out of tram and the ih- crease in normal forces on the column measured.
TEST RESULTS / ' > •'
To reiterate, the main objective of these tests was , to establish proper operation of the transducer system installed in the trucks.. The objective was achieved. It was not intended to subject the truck to a full range of inputs such as would be observed on the track. The force distribution at the column is likely to change as the friction shoes wear and this phenomena should be monitored during future road tests. The following discussions are not intended to imply endorsement or critique of either truck design. ,, The highest recorded friction forces in the Barber S2 were approximately 1200 lb (544 kg) in both the vertical and lateral directions. The highest measured force at the lower normal transducer was about 7200 lb (3266 kg). Since the bolster was descending this must be corrected by

subtracting the force due to the vertical friction moment, leaving a true lower normal force of about 6900 lb (3130 kg). The upper normal force is practically zero at this point or 275 lb (125 kg) with the correction factor. The total normal force is therefore about 7200 lb (3266 kg) and the friction coefficient is 0.167. The lateral coefficient appears to be about twice as high, but this may be due to a slight cocking of the friction shoes during the lateral bolster motion. The lateral, friction forces were not as repeatable: as the vertical and normal forces due more than likely to the rocking of the side frame which was supported only on two springs. Audible: chatter Was' noticeable on the downstrbke apparently due to vertical stickslip.An attempt was made to measure the effect of forcing the truck out of tram by means of set screws at two adjacent pedestals. In this case, the normal column load is redistributed, increasing at the top and decreasing at the bottom, and the friction shoe moves downward, as expected, since the bolster is restrained by the actuators from moving upward. Because of the unsymmetrical distortion of the truck, there is some lateral sliding between bolster and side frames creating a friction force of about 200 lb (91 kg) each.In testing the ASF Ride Control Truck, . the highest vertical ': friction forces were 4500 lb (2041 kg) down, and 2500 lb (1134 kg) up. On the downstrbke; the measured upper and lower normal forces were 7500 lb (3402 kg) and ; 5000 lb (2268 kg), respectively. Therefore,the corrected total normal force was 9910 lb (4495 kg) with a friction coefficient of 0.45. The lateral friction forces were about 4000 lb (1814 kg) and 2500 lb (1134 kg) on the downstroke, so the apparent lateral friction coefficient was 0.69. Vertical friction and normal forces were generally lower during the upstroke, but lateral frictjon forces were about the same in both directions. Therefore, the effective friction coefficient varied somewhat indicating some change ih geometry Which again may be due to the rocking of the side frames. There
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also appeared to be some rocking of the friction shoes indicated by a sharp rise in the lower normal and vertical friction forces as the direction of vertical/motion reversed at the beginning of the downstroke. There was also heavy. chatter implying additional energy dissipation and the distribution of the normal load was highly unsymme- trical with respect to the center of the wear plate.It must be emphasized that the data discussed m the foregoing paragraphs are not necessarily typical of a friction snubber assembly worn in under, actual operating conditions. These data! are presented solely to illustrate the kind of information obtainable from the, Frier tion Snubber Force Measurement System. ' ..
POTENTIAL UTILIZATION
Since the calibration testing- of - the FSFMS was not completed until - March of 1977, utilization of the system in Phase | of the TDOP, for which .it Was designed, was not possible.. To reiterate, the transducer system has been installed on two trucks commonly used in freight service in the United States! The. most obvious difference between the two with respect to the snubbing force is the dependence on or independence of the load on the truck. A second difference relates to the change in snubbing friction as the truck parallelograms. The warp stiffness, and thus the friction force, is necessarily affected by the bearing width of the friction wedge which differs substantially in the two trucks. A third factor affecting snubbing friction is the frequency content and the vibrations applied to the side frame-bolster connection relating to the phenomenon of "breakout" friction.All of the above suggest strong nonlinearities due to snubbing friction in the truck suspension system, ’the modeling of which is difficult and the, effects of which on truck performance have not yet been quantified. . Complete characterization of the general purpose freight car truck must Involve the evaluation of these forces on both tangent and curved track, in both new

and worn conditions.. As part of Phase 11, , TDOP, " recently awarded to Wyle Laboratories, both the Barber S2 and the ASF Ride .Control trucks will be retested under various load conditions and on several track types with the transducer equipped side frames. In addition,gqasi-static friction forces will be measured at frequencies for which inertial effects are negligible by using the calibration' test setup and supporting the pedestals bn load cells to. measure the vertical and lateral reactions transmitted from the actuators, through the snubbing components, to the- test frame., .The actual forces on the columns can then be derived from the/ known applied Vertical force and the wedge angle.' Acquisition of these data will allow more detailed specification of the test conditions to be met in testing for conformance to recommended performance guidelines (developed under TDOP); will aid in, the validation of mathematical simulation of truck performance; will r complete the characterization of the general purpose freight car trucks; and will provide a technical baseline for the evaluation of special purpose trucks to be accomplished in Phase II TDOP.
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RESEARCH. IN FREIGHT CAR DYNAMICS

N. T. TSAI
E. H. LAW

N. K. COOPERRIDER
:• .. j.'v ,’V ^
This paper describes the Freight Car Dynamics project . conducted by Ciemson anjd Arizona State Universities under sponsorship of the Federal Railroad Admlnistratioh. 1 A series of models and associated- solution techniques for predicting' freight car stability, forced .response and curving behavior were developed in this effort. Validation :teste were .planned and carried out by-the Association of American Railroads and the Union Pacific Railroad. The. test data have been analyzed by several techniques including spectral analysis and the random decrement method. The validation process, involving comparison of predicted and ? experimental transient response, power spectral densities and steady state values,: is in progress.

I NTRQDUC^IO^ ̂  ^
This research” project, under the' direction of Professors E. Harry Law of Clemsbn University and Neil K. Cooperrider* of Arizona State University, _ has the objective of providing tools :.and techniques to analyze the dynamic behavior of railroad freight cars. The effort entails development and correlation of theoretical techniques for predicting freight car dynamic behavior,' and use of the techniques to investigate the behavior of present and proposed freight car designs. The project is sponsored by the Federal : Railroad Administration with support and Cooperation from the Association of /American Rai l roads and the Union /Racifjc Railroad.

Derailments, damaged freight, distorted track and worn or broken vehicle components are problems that result from . undesirable freight car dynamic behavior. The models and analytical techniques developed in -this effort can be used to determine causes of present dynamic problems, and to design components and vehicles that alleviate such problems. To study the full range of railroad operating conditions pertinent to lateral vehicle dynamics, models and analyses have been developed for rail freight vehicle stability, forced response, and curving.Until recently, experimental and analytical evaluations of rail car dynamics have gone down separate paths. This lack of interaction can be attributed to the fact that the experimental and analytical work has been done by different groups. Not surprisingly, those organizations, such as; the British Rail and Japanese National Railway research groups, that first undertook the rail vehicle dynamics analyses, have also been the first to use integrated analytical experimental evaluation methods for rail vehicle design. This-project has built on this background to develop an approach for dealing with the dynamic problems of freight vehicles of the type in use in North America. In the course of this work, several innovations have been introduced into rail vehicle dynamics analysis and testing including development- of numerical techniques to deal with arbitrary wheel and rail head profiles, the use of quasi-linearization techniques to handle nonlinear charac-
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teristics, the use of a hydraulic excitation system during the vehicle testis, and the application of the random decrement technique in analyzing the test data.Research of this type involves modeling, correlation or validation of models, and analysis of the model behavior. In this program, quite, a number of models have been developed for freight car behavior on tangent track, during curve entry, and in curve negotiation. Because this is, an exploratory study into the theory of freight car behavior, these models differ widely in complexity. One of the outputs of the project will be recommendations for the appropriate use of each model and analysis approach.Validation of these models is underway. Experimental data for the validation effort has been provided . by tests carried Out by the Association' of American Railroads and the, Union Pacific Railroad. After validation, the models will be utilized to examine curJ rent vehicle and track maintenance procedures and to suggest amendments to the procedures. The models will be supplied to the railroad industry for use in evaluating supplemental devices, in studying possible modifications for current freight car trucks, and in exploring new design concepts.This paper is an overview or this effort. The theoretical developments achieved in this effort are discussed in the next section, followed by descriptions of the validation techniques and field tests; The current status and future work are summarized in the final section.
THEORETICAL DEVELOPMENTS
Approach
Our approach in this project has been to develop and to investigate the conditions of applicability of a number of modeling and analysis approaches. For example, computer solutions for the stability behavior of rail vehicles that use linearized models and eigen- value/eigenvector solution techniques are several orders of magnitude less expensive than solutions obtained by

direct numerical ■integration. /Consequently, eigenvalue/eigerivector stability analyses Offer considerable promise for use in the design process where a large number of candidate designs are to be evaluated.After analysis of the test results, we will compare the results from the various models and analyses with test results to evaluate the conditions and range of applicability of each model and analysis approach. For many purposes, analyses may be used that are inexpensive computationally as compared with other analyses. It is important to identify the purposeis for which such analyses can be used, if these models and analyses are to be of maximum benefit to the railroad industry. . . . /  ' ;; /In each of the three areas pertinent to lateral rail vehicle dynamics (hunting or lateral stability, forced response, and curving behavior), we have followed this approach. For investigating hunting stability, we have developed six models (classified/ in terms of the numbers of. degrees of freedom) and three analyses, or tech’- niques to solve the model equations of motion, for forced response one model and three analyses, and for curving behavior two models and three analysis approaches. These models and analyses are briefly described in the following sections.Before most of these models and analyses could be developed, it was necessary to develop methods for 'determining the nonlinear wheel/rail geometric constraint functions for-/arbitrary wheel and rail transverse profiles. Methods for calculating both linear and nonlinear creep force/creepage relationships were also needed. The work,involved in pursuing these objectives is also described in the following sections.
Wheel/Rail Geometric Constraints
The transverse or lateral profiles of the wheels and rails have a. strong influence on all aspects of the lateral dynamic behavior of rail vehicles. Wheel/rail geometric constraint functions such as the differences of left and right wheel rolling radii and left
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and right wheel/rail contact angles and wheelset roll angle appear explicitly in the equations of motion. These functions are usually highly nonlinear and depend, to the first order, on the

wheelset lateral displacement relative to the rails' (and to the second order on the wheelset yaw angle). The forms of these nonlinear functions are governed by the lateral wheel and rail
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head profiles, the wheel and rail gauge, and the rail cant angles. Examples of these constraint functions are shown in figures 1 and 2 for new

and CN profile wheels on new rails.Linear dynamic and steady state curving analyses have generally represented the influence of the wheel/rail
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FIGURE 2. WHEEL/RAIL CONTACT CHARACTERISTICS AND GEOMETRIC CONSTRAINT FUNCTIONS FOR CN "PROFILE A" WHEELS/NEW RAILS
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geometry by constant values of effective conicity (obtained by linearization of the curve of the difference in rolling radii) and lateral gravitational stiffness (obtained by linearization of the curve for the difference of contact angles). The linearization technique depends on the type of analysis to be performed. Examples of methods used for linearization are linearization about the assumed equilibrium point, least squares fit of a straight line characteristic over a specified range, and quasi-linearization (1-3).Perhaps the only wheel/rail profile combinations that are easy to linearize are those of new wheels on new and worn rails. For these combinations, the important wheel/rail geometric constraints are essentially linear up to the value of lateral displacement where flange contact occurs. For wheels having other than a straight taper, the constraint functions are nonlinear in the lateral wheelset displacement over the entire range of lateral displacement. If other than straight tapered wheels are to be considered, it is essential, for prediction of lateral dynamic behavior, to know thes6 wheel/ rail geometric constraint functions.In this program, two analyses and accompanying computer programs with Users' Manuals have been developed to calculate these wheel/rail geometric constraint functions. The first of these (4) addresses the case where the left and right wheels and the left and right rails are, respectively, mirror images of each other. The second (5) relaxes this condition and. permits the consideration of wheels and/or rails that are not mirror images of each other. The latter case is, of course, the more realistic one. Additionally, a technique utilizing cubic splines for calculating the curvature of the wheel and the rail is incorporated in the analysis and program reported in (5). This information is essential for calculating creep coefficients and nonlinear creep force/creepage relationships.A technique was also developed under this program (6) for fast and efficient digitization of graphical wheel and rail profile data. These digitized data are needed as input to the wheel/ rail geometric constraint programs of

(4) and (5).
Creep Force/Creepage
The shear stresses acting between' wheel and rail in the contact region give rise to creep forces and movements. Estimating the level of creep forces and moments that prevails for a given vehicle is perhaps the most difficult aspect of estimating the parameters necessary for a theoretical analysis of rail vehicle dynamics. [1]Kalker's nonlinear theory on creep (8, 9) is regarded by most to be the most complete theory available. Kalker's theoretical predictions of the nonlinear creep force characteristics have been substantiated by laboratory experiments (7). In addition to. predicting the longitudinal and̂ lateral forces due to the relative longitudinal and lateral velocities or creepages between wheel and rail, Kalker's linear and nonlinear theories (of all those available) are the only ones that predict the lateral creep force due to a relative angular velocity component normal to the contact area between wheel and rail. This force, called the lateral/spin creep force, is usually less than the lateral creep force due to lateral creepage while wheel/rail contact remains in the tread region of the wheel. However, as the contact point moves towards the flange and the wheel/rail contact angle increases (as happens during curving, hunting, and incipient wheel climb), the lateral/spin creep force becomes much larger than the lateral force due to lateral creep- age. Consequently, the importance of Kalker's theories in providing a basis for understanding the creep ’ force mechanism and the effects of creep on rail vehicle dynamics should not be underestimated.A computer program for calculating the linear creep forces and moments utilizing Kalker's linear theory has been developed during this project, and made available to those investigators requesting it. Additionally, the conversion from ALGQfL to FORTRAN

[1] Hobbs (7) has reviewed both theoretical and experimental work in the area of creep.
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of Kalker's program embodying his simplified nonlinear creep theory (8) has been completed recently. This theory is considerably more economical of computation time than Kalker's complete nonlinear theory (9) and as shown in figure 3, agrees well with experimental results published in (11). A version of this program was developed in subroutine form so that it might be incorporated easily in FORTRAN computer programs for rail vehicle dynamics analysis. ' '. •
Hunting Stability
One of the most, severe problems facing the railroad industry today is that of ensuring that the various rail vehicles in service have an adequate margin of safety with regard to hunting stability. Unfortunately, the practical solution bf the hunting problem for the complete fleet of rail vehicles is a long way off. However, the analytical modeling and analysis techniques developed in this effort should enable designers of rail vehicles to develop new vehicle designs as; well as corrective measures for existing designs that Offer sufficient safety against hunting.Several different models and analysis techniques have been developed on this project. As the validation efforts continue, we will determine the conditions, range of validity, and appropriate application of each model and technique. As discussed previously, the intent has been also to develop the simplest credible model consistent with the ultimate use to which it will be put.

Linear Analyses of Hunting
A series of models for the lateral dynamics of a single railway vehicle have been developed. These are shown in Table 1 and are classified by the numbers of degrees of freedom. Eigenvalue/eigenvector stability analyses have been developed and programmed for each of these models after linearization.These analyses predict the frequency and damping of oscillatory modes and the* time constants for oyer-

damped modes as well as the shape of each mode of the vehicle. This information permits the estimation of stability margins from the variation of the damping with speed of the least damped mode. An example of such theoretical results is shown in figure 4.It has been shown by comparison of results for the various models that the truck model used in the 9 degree-of- freedom (DOF) model is adequate for use in stability analyses of vehicles with roller bearing trucks. The critical speeds predicted by the 9, 17, and 19 DOF models for a vehicle having roller bearing trucks are very similar. However, the shape Of the least damped mode predicted, by the 19 DOF model differs from that predicted by the 9 or 17 DOF, not only in the car body mode, shapes due to car body flexibility, but in the phasing of the motions of the front and rear trucks. Based on these results, it may be concluded that in the initial design stages of vehicles equipped with roller bearing trucks, the 9 DOF model may be used to investigate stability. Later in the design process, the effects of car body flexibility should be considered.The selection of input data for use in these eigenvalue/eigenvector analyses is not a simple matter even when component test data are available. For vehicles like conventional North American freight cars, the lateral suspension characteristics are dominated by dry friction and other nonlinearities such as deadband and saturation. Thus, choosing effective or equivalent linear suspension characteristics requires considerable expertise aind judgment as does interpretation of the results.These computer programs have been used to conduct parameter studies encompassing the various configurations tested by the Association of American Railroads on the Union Pacific Railroad during the recent field tests. -To illustrate the application of these models in a design study, the 11 and 23 DOF models were s used to examine the effects on hunting stability of various primary suspension elements and car body flexibility (12, 13). In addition, a generic - model of truck with
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TABLE 1 - VEHICLE MODELS -

Number of Degrees ' : . ; ' ■ Description of Degreesof Freedom h of Freedom. „■
5* Half car. model; one roller bearing truck with warp,yaw, vand' lateral ;DOF; half car body with lateral and V,' ■■ roll DOF. _
9 Full car model; two roller bearing trucks with warp,yaw apd lateral DOF; car body, with lateral, yaw and : roll DOF. ' . .

11 Half car model; one generalized truck with lateral,yaw, and. torsional DOF of each of two wheel sets as < well as lateral, warp,and yaw DOp of the truck frame; half car body with lateral and roll DOF.
17 ’-l . Full car model; two generalized trucks with lateral andyaw DOF of each of two wheel sets as well as lateral, warp, and yaw DOF of the truck frame; car body with , lateral, yaw, and roll DOF.
19 Full car model; two generalized trucks with lateral andyaw DOF of each of the truck frame; car body with rigid body lateral, roll and yaw DOF. The use of a two mass approximation to the car body permits a first approximation to flexible car body torsion and lateral bending, thus giving the car body a total of five DOF.
23 Full car model; this model is identical to the 19 DOF .imodel discussed above with the addition of an axle i torsional degree of freedom for each of the four axles. ThS effects of independently rotating wheels or axle torsional flexibility may-be examined with this model.

*This model was developed in the early stages of the research when it was thought there was a possibility of performing tests with a similar physical configuration on the Japanese National Railways (JNR) roller rig.

interconnected wheel sets J was formulated and a range of values for the interconnection suspension elements was examined. Typical i resuIts from this study are shown in figure 5 Where the critical speed for hunting instar bility is plotted versus interoohnection shear stiffness for a vehicle having interconnected wheelsets. .These models and analyses have also been used to examine a potential maintenance problem. As a freight car accumulates service mileage/%he wheels on a given truck develop different

transverse profiles. A brief study was conducted to examine the effects on stability of using a different wheel profile for each of the two axles of a truck (14). Various combinations of wheel profiles were examined. A typical result is shown in figure 6, where critical speed for hunting is shown for a nominally empty 80-ton hopper car with various wheel profile configurations.̂  ̂The axles labeled "N" are those with the standard - AAR new profile, while those labeled "P" are those with profiled wheels having j an effective
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conicity of about 0.31 together with a substantially increased value of gravitational stiffness. It can be seen that trucks with different wheel profiles on the leading and trailing axles exhibit critical speeds that depend strongly oh the direction of travel (see Configuration 8 of fijgure 6). Thus it would appear that one maintenance objective should be to,maintain all wheel profiles of a truck to a common profile.

FIGURE 6. CRITICAL SPEEDS OF A NOMINAL EMPTY FREIGHT VEHICLE HAVING AXLES WITH DIFFERENT WHEEL PROFILES
The operational practice of loading freight cars asymmetrically fore and aft was also examined briefly for its effects on stability (14). It was found that stability was increased slightly when the vehicle was loaded in the rear as opposed to the front. However, this .difference usually was not as great as the difference in stability between empty and fully loaded cars.As can be seen , from this brief discussion, these models and analyses have been used and may be used in the future to answer various questions concerned with maintenance and op̂fjp- tional practices as well as those Ip&fi- cerned with vehicle design. The primary advantages of these linearized analyses are. that they are very economical with regard to computer costs and offer a . great deal of insight into the effects of various parameters on the vehicle dynamics.

Nonlinear Analyses of Hunting
The suspensions of North American

freight cars are dominated by nonlinearities such as dry friction, deadband, and limiting or saturation. In addition, the wheel/rail interaction process is characterized by nonlinear wheel/rail geometric constraints and nonlinear creep force/creepage relationships. These nonlinearities strongly affect the lateral dynamic response of rail vehicles.As discussed previously, there are many uses for linearized stability analyses of rail vehicles. These should be used with considerable care and judgment for vehicles wjth strongly nonlinear characteristics such as the freight car. For those cases where a detailed examination of the effects of these nonlinearities is desired and warranted, nonlinear analyses must be used. These should be used with discretion as the computation costs are usually at least an order of magnitude greater than those of linear analyses.We are using two types of norilinear analysis for examining the hunting stability of freight cars. One,; called quasi-linear analysis, seeks to utilize linear analysis techniques in a special way to effect considerable computation cost savings over the standard approach to analyzing complex nonlinear systems, direct integration of the equations of motion (1, 2, 3); We have also taken two approaches to integrating directly the equations, of motion. We are using both numerical integration methods on digital computers and analog integration on a state-of- the-art hybrid computer. Although fewer companies have direct access to hybrid computers, than to digital computers, hybrid computation can offer significant cost savings as compared with digital integration.- These questions are discussed more completely in(15).■ Quasi-linear analysis of hunting may be used to compute the existence and stability characteristics of limit cycles. The work reported [2] in (1, 2, 3)

l2]This development of quasi-linear techniques for rail vehicle: dynamic analysis Was primarily supported by FRA through Transportation Systems Center Contract No. DOT-TSC-902.
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represents the first efforts in this area and results obtained for a simplified model agree very well with those obtained by integration of the equations of motion (2). Thus, although only recently developed as an analysis technique for problems in rail vehicle dynamics, the future for the application of quasi-linear analysis techniques to rail vehicle dynamics problems appears bright.Results obtained via quasi-linear analysis for the limit cycle amplitude versus speed are shown in figure 7 for the 9 DOF freight car model. Unstable limit cycles may be thought of as stability boundaries while stable limit cycles represent the amplitude finally attained after hunting has started. These analyses may also be used to estimate the levels of the forces between wheels and rails and between vehicle components (depending on the particular model used) during hunting. We have applied the quasi-linear analysis technique to the 9 DOF freight car model described in Table 1 as well as to simpler models. However, it may be used in conjunction with almost any model.
(«■>

FIGURE 7. LIMIT CYCLE AMPLITUDE (WHEELSET LATERAL DISPLACEMENT)VS. SPEED FOR DOF EMPTY FREIGHT CAR
The computation costs in developing curves such as those shown in figure 7 via quasi-linear analysis are much less than the costs would be using hybrid computation and at least several v; orders of magnitude less than the costs associated with numerical integration of the equations via digital computation.

We are analyzing two nonlinear models of rail vehicles via direct integration. The first model is the 5 DOF half-car model described in Table 1, Nonlinearities considered are suspension friction and wheel/rail geometric constraints. This model is implemented on the Clemson University Engineering Computer Laboratory hybrid computer[3]. "Because of machine capacity limitations, we cannot implement rail vehicle models with more degrees of freedom or nonlinear creep force/creepage relationships or consider large wheel/ rail contact angles in the creepages or geometric constraints. Nevertheless, we feel that we have demonstrated the feasibility of hybrid computation for rail vehicle problems and have achieved cost-effective results with the half car model. We also have developed-a numerical integration program on the digital computer for the 5 DOF model.The second model we are analyzing via direct integration is the 9 DOF model described in Table 1[4]. This is being performed by numerical integration on digital computers [5]. As the cost of computation with numerical integration increases geometrically with the order of the system, our approach has been to develop the simplest Credible model (in terms of the number of degrees of freedom) for a freight car equipped with roller bearing trucks.

[3] This system is described in (15) and comprises an EAI-680 analog computer linked to a PDP-15 digital computer through ah EAI-693 interface.[4] Actually, the model being used in this instance has .13 DOF. The additional four degrees of freedom are rigid body angular rotation of each wheelset about the axle centerline. This is necessary to describe accurately the dynamics of vehicles traversing curves at a constant forward speed.[5] We are using two models of digitalcomputers: the UN I VAC 1110 atArizona State University,3 4 5and the IBM 370/3165-11 at Clemson University.
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This implies neglecting degrees of freedom such as bolster pitch and side- frame rock that in all probability have only a minor influence (if any) ori vehicle stability. However, recognizing the importance of effects such as nonlinear wheel/rail geometric constraints, suspension friction, and nonlinear creep force/creepage relationships, we have attempted to model these effects with a high degree of fidelity. Large wheel/rail contact angles are considered in both the creepage expressions and the geometric constraint functions. A heuristic nonlinear creep force/creepage relationship is used, based on Kalker's theory that includes the effects of spin creep on the lateral force. The feasibility of actually using Kalker's simplified nonlinear creep theory (8, 10) is being investigated[6]. As wheel/rail normal forces and contact geometry change dynamically, these effects are included in the program as they affect the creep forces and gravitational stiffness. Suspension friction is also included [7]. The Computer program embodying this analysis, is in the development stage.In summary, we have developed six different models of freight vehicles (Table 1) and are using four different analysis techniques (linear eigenvalue/ eigenvector analysis, quasi-linear analysis, numerical integration via digital computer, and analog integration using a hybrid computer) for evaluating the lateral stability of railway freight, cars. We anticipate establishing the utility of each of these models and analysis approaches and have used them in a preliminary fashion to address questions concerned with vehicje design, maintenance, and operation.

[6] There is no doubt as to the technical feasibility. However, computation time and costs are expected to increase and may not be acceptable unless additional efficiencies are effected elsewhere in the program.[7] The choice of a suitable digital algorithm for analyzing dry friction is by. no means straightforward. Our efforts in this area are described in (16).

Forced Response
Methods are needed that will enable the designer to estimate the acceleration levels and the forces between vehicle components. We have developed analyses that answer this need by predicting these quantities as the rail vehicle traverses irregular, rough track. To date, our work has focused on developing cost effective analysis techniques for the forced response of the 9 DOF model described in Table 1.The simplest and least ,expensive analysis approach uses standard linear frequency analysis techniques long used by vibrations and automatic control engineers. These techniques yield results in either of two forms. In the first, the amplitudes of the vehicle response variables (displacements, accelerations, forces across suspension elements and between wheel and rail) are obtained as a function of the frequency of the track alignment or cross level irregularity for given magnitudes of these irregularities. In the second, the power spectral densities (PSD's) Of the same vehicle response variables are obtained in response to the PSD for either track alignment or cross level. As for the linearized analyses of hunting stability, the models must be linearized and effective or equivalent linear values chosen for suspension and wheel/rail characteristics.To more accurately consider the effects of the suspension and wheel/rail nonlinearities, quasi-linear analysis was used (1, 2, 3). The output characteristics of the various nonlinear suspension elements may depend' on either or both the magnitude and. frequency of the input. The quasi-linear approach preserves this dependency and enables the designer to calculate the various vehicle, response variables of interest. As in the case , of the linear forced- response analysis, the track alignment irregularities are considered to be either harmonic at a fixed amplitude or representative of a Gaussian random process. When the input is considered to be random, results are obtained in form of PSD's for the various vehicle response variables. However, in this case, these PSD results depend ponlinearly on the root mean square

74



and shape of the alignment input spectrum.As in the case of the stability analyses using the quasi-linear approach, the application of these techniques to the forced response of rail vehicles appears to be a very, cost effective approach. Computation costs are on the order of several orders of magnitude less than those associated with the commonly used technique of digital integration of the equations of motion. The time required to generate and interpret results of a quasi-linear analysis as compared with a digital integration program reflect these same ratios. Howeyer, it should be stated that there are approximations and assumptions necessary in a quasi-linear analysis that are not necessary when, using' a direct integration approach. Whether these pose difficulties in a given situation depend on the information desired. These topics are more fully addressed in (1).The last analysis technique we are using to examine the response of the 9 DOF freight car to lateral alignment irregularities is that of digital integration of the equations of motion. The same analysis and computer program that is being developed to examine hunting stability of the 9 DOF model will be used here with prescribed lateral alignment irregularities. These may be of almost any form ranging from "bumps" to sinusoids to random signalŝ , While we anticipate that it may . be necessary to use this last analysis approach in a limited number of cases, we anticipate that the computation costs will be very high, requiring at a minimum, 15 sec of computer time to simulate one sec of real time. Results of the digital integration analysis for the forced response of the 9 DOF freight car will be in the form of time histories of the response variables.Summarizing, work in this project on the lateral . forced response, of freight cars has focused on developing linear, quasilinear/ and numerical integration analyses of the 9 DOF freight car model. The cost, facility of use, and results obtainable with these tech1 niques vary. One of the results of

the research will be' to establish the most cost-effective approach for given types of problems faced by vehicle designers.
Curving Behavior
The insurance of good curving performance should be of primary concern to the vehicle designer. Good curving performance is characterized by lack of contact between the wheel flanges and the rails. When flange contact does occur, it leads to increased rates of wheel and rail wear, higher levels of vibration in the vehicle, and an increased. propensity for derailment. These factors have long been recognized. However, only with the relatively recent work of Newland (17) and Boocock (18) has the ground work been laid for the development of curving analyses appropriate for designing for good curving performance.The analysis techniques developed by, Newland and Boocock are linear approaches that predict flange contact and slip boundaries. That is, for a given vehicle design, the combination of track curvature and cant deficiency necessary for wheel slip and flange contact may be calculated. If these values are plotted, slip and flange contact boundaries may be constructed on a graph of cant deficiency versus inverse curve radius for the particular vehicle. Design changes that promote flange-free traversal of curves of smaller radius may be identified easily.Three general approaches to the question of estimating curving performance have beep used in this project. In the first, we .have developed steady state analyses of the linearized equations of a freight car. These are solved to develop the slip and flange contact boundaries. This is the type of analysis that is inexpensive to do and may be used to evaluate a host of design possibilities.The second approach entails a refinement of the first that enables the designer to evaluate the effects on the sHp and flange contact boundaries of profiled or worn wheels. Actual nonlinear wheel/rail geometric constraint functions are introduced into the equa-
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tiqns of motion which are then solved iteratively. Two models may be used in these analyses. The first is a 9 DOF model of a freight car with conventional roller bearing trucks. The second is a 17 DOF model of a. rail car with two generalized truck models. In this latter model/ the car body has lateral, yaw, and roll degrees of freedom; each truck frame has lateral, yaw, and warp degrees of freedom; and, each wheelset has lateral and yaw degrees of freedom. Interconnected wheelsets and primary suspension elements may be easily considered with this model.The third approach utilizes the complete nonlinear equations of motion for the 9 DOF freight car with roller bearing trucks. This analysis and program is the same one described previously for forced response and stability investigations. It employs digital integration of the equations of motion and consequently is much more expensive computationally than either of the first two approaches.. However, as large contact angles and a nonlinear creep force/cpeepage relationship are considered, this analysis may be used to predict wheel/rail forces and L/V ratios under conditions of hard flanging. Consequently, this program may be of greatest use in studies of wheel and rail wear and derailment. The results of this, program are in the form of time histories of the vehicle response variables such as displacement, accelerations, and forces between vehicle components and between wheel and rail. Curve entry and exit as well as curve negotiation may be investigated. It should be noted that while this latter model and analysis is quite detailed and entails considerable modeb ing fidelity, some factors that may be quite important in addressing questions such as derailment are not included̂ The most important of these are track flexibility and simultaneous two point wheel/rail contact for a given wheel.In summary, we have developed (or are in the latter stages of developing) a range of models and analyses for inr vestigating curving behavior. The first two of these are inexpensive computationally . and should be of particu

lar use to the vehicle designer. The; third model and analysis is expensive, computationally and should be of parr ticular . use to the vehicle designer. The third model and analysis is expensive computationally and is probably of most use in the latter steps of vehicle design or in studies of such pheno-, mena as derailment and wheel/rail wear.
VALIDATION TECHNIQUE 
Approach
Theoretical model validation may be undertaken at many different levels. At the lowest level, a qualitative corrê  lation is obtained between theoretically predicted trends and experimental lŷ Observed behavior. For example, almost all linear stability analyses of rail car lateral dynamics predict that vehicles whose wheelsets have high "effective" conicities will hunt at lower speeds than those with low "effective" conicity wheelsets. This trend agrees with observations of rail vehicle operation.A great deal of qualitative validation has been done to strengthen confidence in the analytical tools. In stability analyses, the effects of changes in primary yaw and warp stiffness on critical hunting speeds have been qualitatively correlated. In curving analyses, the effects Of yaw stiffness and wheelset conicity on lateral to vertical force ratios have also been qualitatively correlated.The value of qualitatively validated̂ analyses should not be underestimated. Such models are invaluable in making design changes and in devising successful experiments, because they provide information about the sensitivity of the vehicle behavior to parameter changes and also provide a framework for interpreting and understanding the test results.A second level of validation entails correlation of a single, usually critical, value from the analysis with experimental results. For example, the analytical predictions for the critical speed when hunting begins or the resonant speed for rock and roll be
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havior would be compared with experimental measurements of the same variable.Too much validation of this sort is done and' can be quite dangerous because it may lend false confidence to an analytical model. This is particularly true when those model parameters that cannot be measured are varied to obtain agreement between analysis and experiment. This second level of validation is generally of questionable, value. It is far better to proceed directly to a full validation of the type described below.The highest level of validation entails a fairly complete quantitative correlation of analytical and experimental results. A frequently used approach is the direct comparison of experimental and analytical time histories of variables such as acceleration, displacement or force level. Another possibility is the comparison of power spectral density curves. A third possibility for validating stability analyses by comparing the variation of system damping ratios with speed is. discussed in detail below.Because any mathematical mode is only valid for a limited range of conditions, the validation comparison need only cover the range of model validity. The most common limitation is a bound on the frequency range of the mathematical results. For example, most lateral rail vehicle dynamic analyses are not valid beyond 20 Hz, and, many are not valid above 10 Hz. Other limitations may concern the amplitudes of the motions (to avoid suspension or wheel tread nonlinearities), the type of car body, the type of wheel tread, or the nature of the track irregularities.The highest level of validation is necessary before one can rely on the quantitative results of a mathematical analysis. Our objective, in this project, is to achieve a quantitative validation of theoretical analyses for hunting stability, forced response, and curving behavior. To our knowledge, a quantitative validation of this type for the lateral dynamics of a rail vehicle has riot been successfully completed. Our approach to each of these areas is briefly discussed below. A

more detailed discussion of these matters is found in (9, 20, 21).
Stability
Sustained hunting oscillations are one of the most important problems associated with freight car dynamic behavior. A major objective of this project is the development of mathematical models that will predict the speed at which sustained hunting oscillations occur, the influence of design changes on the speed, and the stability margin available at lower speeds.The rail freight car behavior at any, speed can be loosely[8] described as the sum of motions in several different modes. Each mode is characterized by a particular frequency, damping ratio and mode shape, where the mode shape is a particular amplitude and phase relationship between the motions of the various system components. Terms such as upper center roll, lower center roll, nosing, and fish tailing are often used to describe such, mode shapes. . . :The stability of the freight car dynamic response is determined by the mode that has the least amount of damping. For a linear system, the response of any variable is mathematically expressed as:
'x. * T- a.. er?j “nj 1 cos («. i * $i) •

1 j=l J ; ‘

where:
n - number of state variables

5 j - damping ratio for mode ja) j - frequency of mode j on j - undamped frequency of mode j <|> j - phase angle for mode j
Thus, a stable system will have Sî 

0 for all modes and an unstable system will havesi-CO. The transient response of a motion for several different damping ratios is depicted in figure 8.

(8) This description is mathematical ly correct for linear systems, and can be used with caution for nonlinear systems such as the rail freight car.
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FIGURE 8. TYPICAL SYSTEM DYNAMIC RESPONSE
Validation of the mathematical analyses can be achieved by comparison of predicted and experimentally determined damping ratios/ frequencies and mode shapes at several speeds. As shown in the analytical results for freight car behavior depicted in figure 4, the damping ratio of the least damped mode varies with speed. The intersection of the damping ratio curve with the horizontal axis occurs at the predicted critical speed of hunting.We attempted to obtain this system damping information from the field tests in two different ways. During certain test maneuvers/ a hydraulic truck forcer system applied a torque between the truck and the car body. This system caused an initial translation and angular displacement of the truck components. The Objective in using the forcer was to obtain transient response data that would provide damping ratio information of the type shown in figure 4.This same System damping versus speed information is being extracted from the random response tests on the tangent track using the random decrement technique. The random decre

ment technique,, originally developed for aircraft flutter test analysis, (22), also, provides a transient "signature". Figure 9 illustrates a random decrement signature obtained for the test Vehicle at 15 mph. As one can see, the damping ratio and frequency can; be determined directly from these signatures to produce an experimental curve of damping ratio versus speed such as that shown in figure 10 for the test vehicle With CN Profile A wheels and constant contact side bearing. A least squares curve fit was used to match a damped sinusoidal response to the random decrement signature. Note that the 20 Hz noise caused by the motor-generator set on the instrumentation car may also be seen in the random decrement signature. To our knowledge/ this is the first application of the random decrement technique for rail vehicle stability analysis.The validation process entails comparing analytically determined values for the damping ratio and speed such as those shown in figure 4, with experimental results for the comparable configuration. We are now doing this.
Forced Response
The mechanics of validating the forced random response of a freight vehicle are simpler than stability or curving analysis validation. Previous studies have shown that response to specific track irregularities, such as low joints, (23) and response to vertical track irregularities (20), can bja predicted fairly well by analytical means. For example, power spectral densities from experimental vertical acceleration measurement made in the TDOP tests (20) were compared with analytical computed PSD'si As seen in figure 1 1, quite good agreement was obtained, despite the nonlinear friction present in the system.Previous attempts to validate analyses for lateral response to random rail irregularities have not been very successful. The British Rail Research Center effort (24) attributed their difficulties to three factors: V) the useof prpfiled wheels whose "effective"
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FIGURE 9. RANDOM DECREMENT SIGNATURE

FIGURE TO. EXPERIMENTAL DAMPING AND FREQUENCY VS. SPEED RELATIONSHIPS
conicity depended on the amplitude of the motion, 2) the unknown level of the actual creep coefficients, and 3) the fact that the actual lateral input spectrum was not known because they did not measure the rolling line offset. The British researchers assumed the
y I

FIGURE 11. FREIGHT CAR BODY VERTICAL ACCELERATION SPECTRA FOR EMPTY VEHICLE AT 100 FT/SEC ON CWR [20]
rolling line offset was equal in magnitude to the centerline alignment irregularity and adjusted the input spectrum accordingly. Effort was made in our project to avoid these difficulties by testing with conical as well as profiled wheels, measuring rail head profiles to assess rolling line offset, and devising tests to determine the actual creep coefficients.This shape of the least damped mode/ and in some cases those of other modes, can also be obtained from the forced response date. Cross-spectral densities used in conjunction with PSD's provide transfer functions between variables that can be used to find the relative amplitudes and phases between the component motions. This provides additional information to strengthen confidence in the validity of the mathematical analysis.Computer programs to carry out the data processing and reduction described here have been developed and Users' manuals (25) prepared. These will be turned over to the National Technical Information Service in the near future.In this project, an attempt will be made to validate the curving analysis described earlier. During the field tests, relative wheel/rail displacements were measured during curving for all test configurations. In addition, instrumented wheel sets were employed to obtain lateral and vertical wheel/rail
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forces in the two configurations with standard AAR new wheel profiles. The test vehicle was operated through two curves of different, curvature at three different operating, speeds. The validation will invqlve a comparison of predicted and measured wheeisets later and yaw. displacements for the various vehicle configurations and test conditions. Comparison with the ‘ steady state wheel/rail force data. will be made/ where possible.
Validation Discussion
Our estimate of the enormity of the task we set for ourselves has grown steadily over the course of the project. Perhaps the greatest problem faced in any validation study involves obtaining accurate data for the system parameters needed in the mathematical analysis. In this study, uncertainty over the creep coefficients and creep force laws governing the relationships between the wheel set motions and the contact forces causes the greatest dif-' ficulty. Our analytical studies demonstrate a strong dependence of vehicle stability on the creep coefficients. For example, in the unloaded, new wheel configuration, we found a variation from 44 mph to 80, mph in critical speed as the creep coefficients vary from 50% to 100% of the values predicted by Kalker's theory. This sensitivity to creep coefficients was borne out by test experience,. The hew wheel configuration . tested had instrumented wheels with new AAR profiles, but a few thousand miles of running fitted in one truck, while the other truck vyas equipped with new wheels of the same profile with the casting scale intact. The truck with "run in" wheels began hunting.around 55 mph, while the other truck did not hunt until nearly 80 mph.A test maneuver employing the hydraulic forcer system was designed to extract independently the needed creep coefficient information. Unfortunately, shortcomings in the experimental procedures used in these creep tests rendered the data unusable. Thus the creep coefficients must be extracted indirectly from the test results, a procedure that undermines our confidence in the val'dation results.

Similar uncertainties exist in some of the vehicle parameters., Martin- Marietta (26) tested one of the two trucks actually used on the test vehicle, but some characteristics, such as the friction levels in the suspension, may differ between trucks and vary over time as surfaces wear and atmospheric conditions vary. An uncertainty also exists in the value of the extremely sensitive centerplate friction torque. This was hot measured for these trucks, and consequently the actual friction values are' not known. An estimate based on tests conducted by ASF (27) was used in the analytical work.Lack of precise knowledge of the track data also poses difficulties for the validation effort. As explained in the next section, the track geometry data available to us is limited because of two accidents with the track measuring vehicle. In addition, we were able only to measure rail head profiles at a limited number of stations and hence cannot construct a continuous estimate of rolling line offset.Perhaps the most difficult problem is caused by the nonlinearities in wheel/rail geometry and suspension. These nonlinearities, due to curved wheel profiles, dry friction and suspension stops, cause the vehicle dynamic response to depend on the amplitude of the motion. Because the amplitude depends on the imprecisely known track input, direct comparison of experimental and analytical results is difficult. Our validation effort attempts to avoid this as much as possible by comparing indirect attributes such as frequency, damping, etc.As in all activities, the validation process is better understood in hindsight than foresight. In particular, many" aspects of the test conduct should have been done differently to produce better experimental data for the validation effort. As a result of shortcomings in the testing procedure, certain vehicle parameters are not well known, the creep coefficients were, hot found, fewer non-hunting data points than desired were obtained, and the transient response data from the hydraulic forcer exercises is limited. Thus, more estimation than we would
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like is involved in the validation process. However, we have redundancy in our procedures and consequently have sufficient data to complete the validation process. Our experience should be invaluable in ensuring that the next generation of validation tests will avoid these problems and provide a higher level of confidence in the validated models.
FREIGHT CAR FIELD TESTS 
Test Description
The field tests to provide data for the validation effort were planned in cooperation with the Association of American Railroads and the Union Pacific Railroad. The tests were conducted during late fall and early winter of 1976-77 on the Union Pacific mainline West of Las Vegas. The test objectives, test philosophy and test requirements for these tests are discussed in detail in the program planning document (28).

FIGURE 12. L&N HOPPER TEST CAR
The test vehicle, shown on the test site in figure 12, was a Louisville and Nashville Railroad Company, 80-ton, open hopper equipped with 70-ton (6x11 journal) A-3 Ride Control trucks. The component characteristics of one of the trucks were determined in tests cpn- ducted by Martin-Marietta (26). The field tests were conducted with the vehicle in the eight different configurations of wheel profile, load, side bearing pressure, track warp stiffness

and centerplate condition shown in Table 2. As can be seen, the tests were conducted with the car in a range of conditions similar to those encountered in revenue service. Light and loaded vehicles, lubricated and dry centerplate, new AAR profile and Canadian National "Profile A" [9] wheels Were variations to obtain data to determine Whether the theoretical analyses predict the effects of such changes on vehicle dynamic performance. The truck warp stiffener and the constant contact side bearings with variable load were tested to inveistigate; concepts that may improve vehicle dynamic behavior.The test vehicle was equipped with the hydraulic truck forcing system, mentioned earlier, that exerted a torque between truck and car body. This system caused an initial translation and angular displacement of the truck components to provide a controllable initial condition and subsequent transient response.The L & N Hopper car was instrumented by the AAR Research Center to measure 22 acceleration values, 49 displacement values, wheel/rail forces for one truck set of the new wheels, and train speed. This instrumentation included 14 displacement transducers to measure the relative lateral and angular position of the Wheel relative to the rail. This latter instrumentation was developed by Reaction Instruments for the AAR.The signals from the transducers Were conditioned, digitized and recorded by the instrumentation system on board the AAR 100 Instrumentation car. The data was sampled at 100 samples/second and recorded on 1600 BP I magnetic tape. Header and trailer records on the tapes provide calibration and test information.The tests were conducted on both tangent and curved track sections on the Union Pacific Railroad. The AAR provided the test car, instrumentation

[9] The CN Profile A wheels used in . these tests were developed by the Canadian National, Railroad with the goal of achieving long tread life and good curving performance.
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C o n f ig u r a t io n W heels Load S id e -B e a r in g s T r u c k  S t i f f n e r C e n te r D la te

1 CN P r o f i l e  A Empty 0 None D ry

2 CN P r o f i l e  A . Em pty 0
, . None L u b r ic a te d

3 CN P r o f i l e  A Em pty 2 0 0 0  P S I None L u b r ic a te d

4 CN P r o f i l e  A Em pty ; 6000 P S I None L u b r ic a te d

5 CN P r o f i l e  A Em pty ; o ON L u b r ic a te d

6 New Em pty . o - ; None L u b r ic a te d

7 New Loaded ■ ; 0  v None L u b r ic a te d

8 CN Loaded 0 None L u b r ic a te d

TABLE 2. +EST VEHICLE CONFIGURATIONS
car, test manager and test crew, while the motive power, caboose and train crew were provided by the Union Pacific Railroad.The tangent test site was a 12,000- foot section of continuous welded rail on the Union Pacific mainline in the Mojave Desert between Yermo, Calif., and Las Vegas, Nev. Tangent tests for each configuration were conducted at four different speeds. In turn> both "unforced" and "forced" runs were made over the test zone at each speed. In the "forced" runs, the hydraulic forcer system was repetitively activated to cause an initial displacement, and released to allow a. transient motion.The curving tests were conducted on Union Pacific track between Sloan and Arden, Nev. The tests were run with each configuration at three speeds through a one degree and six degree curve.The curved and tangent track geometry was measured by the Union Pacific track geometry car in the fall of1974. Because of the long delay before carrying out the tests, attempts were made during and immediately after the testing period to resurvey the track with the FRA Track Measurement cars and the Track Survey Device. Both these attempts ended disasterously. The FRA cars were severely damaged

in a derailment on the curve test site and the Track Survey Device was involved in a collision with a revenue train. , The tangent test zone was finally remeasured by the FRA Track Geometry Car this fall. However, the curve test zone was reworked in the interim and consequently the information about track geometry during the tests was lost.During the test period, the rail head geometry was measured at about 
200 locations throughout the test zones. This information was processed to determine variation in wheel/rail geometry along the track with both new AAR and CN Profile A wheels. The processed data for the variation in coni- city, contact angle, etc., also provides an estimate of the rolling, line offset and hence will permit the estimate of its influence on the vehicle dynamics.
Data Processing and. Reduction
The test data collected during the field tests nearly filled II reels of 1600 BP I magnetic tape. Table 3 summarizes the test conditions under which data was gathered. The first processing step entails reading the raw data tapes, converting to engineering units, combining channels to compute the desired model variables, computing desired statistics, such as mean values, standard



deviations, and histograms, and plotting the time histories of selected model variables. At present this process has been completed for the tangent tests with configurations 2, 3, 4, 6, 7 and 
8.

Figure 14 shows the Configuration 6 (CN Profile A Wheels) A-truck lateral displacement during the unforced tangent tests of 35 mph. Note here that hunting starts and stops during the test run at constant speed. This be-

C o n f ig u r a t io n  C r i t i c a l  Speed

1 . 4 0  mph
CN W heels  
Empty
D ry  C .P . .

.2 .  3 5 -4 5  mph
CN W heels  
Empty 
Lubed C .P .

3 .  5 0 -6 0  mph ,
CN W heels
Empty
2 0 0 0  P S I A irb a g s

4 .  7 0 -8 0  mph
CN W heels
Empty .
6 0 0 0 ,P S I A irb a g s

5 . 5 5 -6 0  mph
CN W heels
Empty
Warp S t i f f n e r

6 .  "A" T ru c k  60  mph
New W heels "B" T ru c k  8 0 -8 8  mph
Empty

7 .  No H u n tin g  
New W heels No H u n tin g  
Loaded

8 .  4 5 -5 8  mph
CN W heels  
Loaded

Speeds Run N o tes

1 5 , 2 5 ,  3 0 ,  3 5 ,  4 0  mph U n fo rc e d
1 5 , 3 0 ,  35  mph F o rced
1 0 , 3 0 ,  35  mph 1 ° C u rve
2 0 ,  3 0 ,  35  mph 6 °  C urve

1 5 , 2 5 ,  3 5 ,  4 0  mph U n fo rc e d
2 0 ,  3 0 ,  3 5 ,  4 0  mph F o rc ed
1 0 ,  3 0 ,  40  mph 1 °  C u rve
2 0 ,  3 0 ,  4 0  mph 6 °  C urve

2 5 ,  3 5 ,  4 5 ,  50 mph U n fo rc e d
2 0 ,  3 0 ,  3 5 ,  4 0  mph F o rc ed
1 0 , 3 0 ,  4 0  mph 1 °  C u rve
2 0 ,  3 0 ,  40  mph 6 °  C urve

4 0 ,  5 0 , 6 0 ,  6 5 ,  7 0 ,  7 5  mph U n fo rc e d
5 0 ,  6 0 ,  6 5 ,  7 0  mph F o rc ed
1 0 , 3 0 ,  4 0  mph 1 ° C u rve
2 0 ,  3 0 ,  40  mph 6 °  C u rve

3 5 ,  4 5 ,  5 0 , 55  mph U n fo rc e d
3 5 ,  4 0 ,  4 5 ,  5 0  mph F o rc ed
1 0 , 3 0 ,  40  mph 1 °  C u rve
2 0 ,  3 0 ,  4 0  mph. 6 °  C u rve

2 5 , 3 5 ,  4 5 ,  55 mph U n fo rc e d
2 5 ,  3 5 ,  4 5 ,  55 mph Fo rced
2 0 ,  3 0 ,  4 0  mph 1 ° C u rve
2 0 ,  3 0 ,  4 0  mph 6 °  C u rve

4 0 ,  5 0 , 6 0 ,  7 0 ,  8 0  mph U n fo rc e d
4 0 ,  5 0 , 6 0 ,  7 0 ,  8 0  mph F o rc ed
1 0 ,  3 0 ,  40  mph 1 °  C u rve
2 0 ,  3 0 ,  40  mph 6 °  C u rve

2 0 ,  3 0 ,  4 0 ,  50  mph - U n fo rc e d
50  mph F o rc ed
1 0 , 3 0 ,  4 0  mph 1 °  C u rve
2 0 , 3 0 ,  40  mph 6 °

i

TABLE 3.
A typical response of one truck to the hydraulic forcers is shown in figure 13, Note that in some cases, insufficient time was left between turning the forcer off and turning it on to observe several cycles of the damped sinusoidal response. This problem was purely operational. The technique proved capable of providing the desired transient response information.

havior/ which has been observed by others, is probably due to either the amplitude dependence of stability for the nonlinear system or, due to changes in the rail head or surface condition along the track. We are using our nonlinear analyses and rail head profile data to investigate these two possibilities.
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FIGURE 13. TRUCK  
LATERAL DISPLACEMENT  

USING HYDRAULIC FORCERS

FIGURE 14. TRUCK  
LATERAL RESPONSE TO  

\ RANDOM RAIL  
\ IRREG ULARITIES
\

The ne^t step in data processing is 
to use the\random  decrement and spec-

•\\

tra l analysis programs to analyze the  
random data. Examples of the random 
decrement results  have been discussed 
e a rlie r. We had planned to extrac t 
damping ratio  and frequency d irec tly  
from the fo rcer tests data. U n fortun 
a te ly , usually too little  time was left 
between fo rc e r applications during  
testing so only a v e ry  few runs p ro 
vided useful data fo r estimating  
damping ra tio .

The power spectral densities have 
proven v e ry  usefu l. For example, f ig 
ure I5 shows a PSD fo r the  A -T ru c k  
lateral displacem ent. Note th a t the  
least damped mode, a t 1.4 H z, is easily 
identifiab le as well as a lesser peak at 
the wheel revolution freq u en cy , 8 Hz. 
We have found th a t damping ratio esti
mates obtained from these PSD's agree  
rem arkably well with values obtained 
by the random decrement technique.

Additional processing t6 compute 
cross-spectral densities and tra n s fe r  
functions between variables is the last 
data processing step . This processing 
yields mode shapes, i . e . ,  amplitude 
and phase relationships between com
ponent motions.

FIGURE 15. TY P IC A L  
TR U C K  LATERAL  

DISPLACEM ENT PSD

CURRENT S TA TU S AND SUMMARY

Completed Models

B rie fly , we have completed the  
development of all the  models concerned
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with lateral s ta b ility / lateral forced re 
sponse, and cu rv in g  performance. 
These models are described in Table I.

Completed Analyses and Computer 
Programs

We have completed development of 
all computer program s dealing with the  
linear and q u as i-lin ear analysis of 
fre ig h t car s ta b ility  as well as the h y 
b rid  computer program  and d igital com* 
p u te r program fo r  th e  s tab ility  analy
sis of the 5 DOF model. A dig ita l in 
tegration routine has been programmed 
fo r the  response of th e  linear 9 DOF 
model to in itia l conditions. T h e  pro
grams fo r the. linear and quasi-linear 
forced response of th e  9 DOF model 
are also, operational. The  programs 
fo r the  linear and nonlinear steady  
state curv ing  perform ance of the  9 and 
17 DOF model are also operational. The  
programs for* th e  linear and nonlinear 
steady state cu rv in g  performance of 
the 9 and 17 DOF models are complete. 
These calculate perform ance at given  
values of cant deficiency and track  
c u rva tu re . A search algorithm  and 
accompanying subroutine fo r  the cal
culation of slip  and flange contact 
boundaries has been developed.

Supporting programs have been de
veloped f o r , use in calculating creep 
force/creepage relationships. . Two 
programs have been developed to  find : 
,a) the linear creep coefficients using 
Kalker's linear th e o ry , b )  the  nonlinear 
creep force /creepage  relationships  
using Kalker's  sim plified theory . (10).

Programs have also been developed 
to , provide data concerning the w heel/ 
ra il geometric constra in ts . A hybrid  
computation procedure has been created  
to d ig itize  accurate ly  and qu ick ly  g ra 
phical wheel and rail p ro file  data (6 ) .  
Two program s, have been w ritte n '- to 
find  th e  w h ee l/ra il contact character
istics and resu lting  geometrical con
s tra in t re lationships. One of these 
t re a ts . the  base w here both wheels and 
raiis are m irro r images o f each other
(4 )  while the  o th er tre a ts  the general 
case where le ft and r ig h t wheel an d /o r  
rail profiles are  a rb it ra ry  ( 5 ) .

E ffo rts  Underway

Work is underw ay on in teg ratin g  
the  subroutine fo r calculating slip and 
flange contact boundaries into the  p ro 
grams fo r  calculating , both th e  linear  
and nonlinear steady state cu rv in g  
perform ance of th e  9 and 17 DOF 
models. T h e  dig ita l in tegration p ro 
gram fo r  calculating the s ta b ility , 
forced response, and curve e n try  and 
negotiation of th e  9 DOF model is be
ing developed.

Documentation on these various  
theoretical e ffo rts  is only p a rtia lly  
complete. We plan to  issue a re p o rt  
on the  modeling and analysis fo r the  
linear studies of the  ; s tab ility  and 
forced response of the  9 DOF model. 
The linear studies fo r steady state  
curving  perform ance Of the  9 and 17 
DOF models will be included in th is  re 
p o rt. A second re p o rt will be issued 
describing th e  nonlinear studies of the  
s ta b ility , forced response, and curv ing  
behavior fo r  the various models.

Validation E ffo rt .

The validation fie ld  tests have been 
completed and the raw tes t da ta , in 
the  form of 22 data files on 11 magnetic 
digital tapes, has been received from  
the  AAR . The  AAR plans to p repare  
a rep o rt documenting the instrum enta
tion and conduct o f these fie ld  tes ts .

An a rra y  of computer programs has 
been prepared to process the tes t data . 
These programs include the  follow ing:

READAARI00 - reads the  raw data  
tapes fu rn ished  by the  A A R , converts  
the  recorded signals from b in a ry  to 
engineering u n its , combine^ signals to  
form . th e  model variables off th e  9 and 
19 degree of freedom models, p rin ts  
header and tra ile r  records, and w rites  
processed data in disc files  and on 
magnetic tape.

DATA PL0T -  prepares X A LC 0M  plots of 
any data channel or model variab le .

PSD -  computes and plots any or all of 
the following functions: power spect
ral d en s ity , cross spectral d en s ity , 
auto correla tion; cross-corre la tion , 
probab ility  d en s ity , cumulative d is tr i
bution , mean, standard devia tion , 
tra n s fe r function and coherence.
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RANDEC2 -  finds a random decrem ent 
signature by prewhitening and a v e r
aging a series of time-domain data re 
cords, finds the least squares f i t  of,..a 
decaying sinusoid to the random decre
ment s ig nature , p rin ts  the damping 
ratio  and speed, and plots the  random  
decrement signature and fitted  c u rve .

DCOR -  corrects the in itial damping 
ratio  estimate from RANDEC2. to Com
pensate fo r speed variations d u rin g  
the  tests .

All o f the  tangent tes t da ta , II of 
the  22 file s , has been processed by  
the  AARI00 program . Random decre 
ment signatures and PSD!s haVe been 
computed fo r  most of these cases. 
Data plots have been prepared fo r sel
ected variables in all runs. T h u s , the  
tangent tes t data analysis is nearly  
complete. *'•' ■,

The curving  and creep tes t data  
has not been processed . y e t because 
position references fo r the w h ee l/ra il 
displacements, needed to determ ine the  
actual w heel-to -ra il positions, are  hot 
known. Due to an o vers igh t, the ,m ea
surements made to fix  these references  
during  the  tests were in su ffic ien t to  
completely determine the  reference  
values fo r all the  displacement tra n s 
ducers. We will attempt tp reconstruct 
th is  missing reference information.;-, by  
statistical means. I f  successful, data  
plots and statistics fo r the  component 
displacements d u rin g  the  cheap and 
curving  tests will be prepared .

Two informal reports on the, tes t 
plans and validation procedures have  
been prepared (19, 2 8 ), and one in te r 
im rep o rt on validation techniques  
w ritten  (21). Validation o f th e  s ta 
b ility  and forced response models is 
now underw ay. A report on th e  re 
sults of th is  e ffo rt is planned fo r  n ext 
sp rin g . The validation of th e  cu rv in g  
model depends on the success of the  
attem pt to f ix  the displacement tra n s 
ducer re ferences.

Railroad Applications

To achieve maximum u tility  fo r  
application by the railroad in d u s try , 
we are developing a v a rie ty  of models, 
analyses, and computer7 programs fo r

th e  analysis o f the  lateral dynamics of 
fre ig h t cars.

T h ere  are  many d iffe re n t kinds 
of questions asked by the  in d u stry  
th a t can be answered by such analy - 
ses. For example, to examine trends  
in ; performance w ith  various designed 
param eters, linear analyses are p a r
tic u la rly  a ttrac tive  as mUch information 
cah. be obtained fo r modest computation 
costs. I f  a detailed examination of the  
effects of parameters such as suspen
sion fr ic tio n , curved wheel p ro files , or 
adhesion level is needed, nonlinear 
analyses should be used. The  need 
fo r these in a p a rticu la r instance 
should be established c a re fu lly , as 
computation costs fo r  nonlinear analy
ses can be h igh . As we have disc
ussed, it  is especially critica l to use 
models w ith (a )  the  smallest number of 
degrees of freedom necessary to des
cribe adequately th e  behavior being 
investigated, and ( b )  high modeling 
and analysis fid e lity  fo r phenomena 
th a t are expected to influence the  be
havior s tro n g ly . (T y p ic a i o f these are 
w heel/ra il in teraction  effects and sus
pension fr ic t io n .)  The  f ir s t  condition 
is necessary because computation costs 
increase extrem ely rap id jy  with the  
number of degrees o f freedom .

A fte r  analysis o f the  fie ld  tes t re 
sults is complete together With th e  v a l
idation of the various models, we will 
establish the  range of app licab ility  of 
each of the models. Th is  is necessary 
because of the w idely d iffe rin g  appli
cations anticipated fo r such models and 
the wide range of associated computa
tion costs. I t  would be a disservice to 
the in d u stry  to c ircu late  Only the  most 
complex models and • analyses because 
of the associated high computation 
cost$ and the high ris k  of "overk ill" in 
using such models and analyses in 
many instances.

We have described b rie fly  above, in 
itial studies th a t have been conducted 
to demonstrate th e  u tility  of the  v a r 
ious models and analyses. These 
studies have trea ted  questions asso
ciated with vehicle design as well as 
maintenance and operation. We an ti
cipate th a t these models and analyses 
can ,be used extensive ly  by the  ra il
road in d u stry  in a sim ilar manner and
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th a t th e  types of questions addressed 
will be limited only by the imagination 
o f the  user.

As formal documentation of much of 
the  modeling and analysis work has yet 
to be com pleted, th e re  has been to 
date only lim ited d is tribu tion  of the  
analyses and computer programs. 
Nevertheless, we have d is tribu ted  in 
form ally the  programs fo r the  work on 
w h eel/ra il geom etry, creep fo rc e /c re ep -  
age characteris tics , linear s tab ility  an
alyses, and q u as i-lin ear analysis to 
researchers in th e  U . S . A . ,  Canada, 
and Europe. We have also made every  
attem pt to communicate the results of 
our w ork to the  ra il engineering com
m unity th rough d is trib u tio n  of informal 
reports and presentations, formal p re 
sentations th rough  the  technical 
societies, and tu to ria ls  a t the M IT  Rail 
Vehicle Dynamics short courses in the  
summers of 1975 and 1976. In doing 
so, we have hoped to achieve the  
exchange of ideas and information (as 
well as obtain constructive  critic ism ) 
between researchers and potential 
users th a t is so necessary to the  
eventual success of th is  w ork.

Recommendations

This e ffo r t has provided a great 
deal o f knowledge th a t should be use
fu l in fu tu re  research projects. We 
believe th a t th e  sim pler of the models 
developed in th is  e ffo r t will prove  
adequate fo r most studies of s tab ility  
and forced response. However, the  
presence of non linearities , particu la rly  
d ry  fr ic tio n , will probab ly  necessitate 
use of quasilinearization or d irec t in 
tegration solution techniques in one 
form or another. Additional work is 
needed to improve th e  computational 
effic iency of these techniques so th a t 
they  can be w idely used by the ra il
road in d u s try . I t  appears th a t more 
detail is appropria te  in modeling the  
regime of cu rv in g  under hard flange  
contact and derailm ent. Rail f le x ib ility , 
th ree  dimensional geom etry, and a non
linear creep th eo ry  th a t accurately in 
cludes spin effects  should be investi
gated fo r inclusion in such a model. 
Effic ient solution techniques, to make 
solution of the  nonlinear curving  pro

blems feasible fo r design w ork should 
also receive additional a tten tion .

Several suggestions fo r  fu tu re  fie ld  
testing are evident from our e x p e r
ience. F irs t, the tes t Operations team 
should include at all times someone 
fam iliar w ith the th eo ry  and intended  
use of the tes t data. This person 
should have immediate access to te s t 
data to enable him to judge th e  q u a lity  
of the tes t data and make immediate 
suggestions fo r improving te s t proce
dures. I f  we had done th is , most of 
our problems with insu ffic ien t data 
would have been elim inated. Second, 
the  importance of vehicle and e n v iro n 
mental characteristics should be empha
sized. Too often this is overlooked in 
the  pressure to get "test" data . Pro
cedures to determ ine re g u la rly  fr ic tio n  
and wheel condition are needed. A 
procedure similar to th a t attem pted in 
our tests to determ ine creep force con
ditions by employing the  hydrau lic  
forcers should be developed fu r th e r .

Several suggestions concerning test 
equipment emerged. O ur experience  
has demonstrated th a t the fo rce r sys
tem can provide useful data , and th a t  
stab ility  information can also be e x 
tracted  from random response data by  
the  random decrement technique. The  
w heel/ra il displacement transducers  
provided v e ry  good data , and should 
be used whenever possible. How ever, 
the high degree of redundancy in the  
instrum entation on our tes t vehicle  
should not be necessary in fu tu re  
tests . The wide d ifferences in be
havior between the two tru cks  do sug-1 
gest the need to include instrum enta
tion on both tru c k s .

New ground in  model validation has 
been broken during  this pro ject. The  
random decrement technique has proven  
highly  successful fo r assessing s tab il
ity . This process could be incorpor
ated into an onboard m ini-com puter to  
allow on-line  assessment of s tab ility  
m argins. The  forcer system proved  
capable of introducing controlled in 
p u ts , and would be extrem ely useful in 
testing to determ ine creep conditions. 
An assessment of the importance of 
rolling line o ffset will be made from  
the  processed wheel and rail head 
data. We expect th a t careful tra c k
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measurements, including wheel and rail
head profile  measurements are appror
p ria te  fo r fu tu re  tests .
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QUESTIONS SESSION I 

Session Chairman - -  D r . Donald L. Spanton

Attendee:- H . A . L is t, Railway Engin
eering Associates, Inc.
Attendee's Question: Is anyth ing  less
than 100 percent identification really  
useful? Is car num ber, ow ner, type  
suffic ien t information? What about 
such things as lading and destinations?

Bob Wiseman: Less than 100 percent
is useful if  the  OACI data is correlated  
with manual advanced consist data. 
One hundred percent readab ility  is, ob
tainable under the following conditions:
(1 )  The label modules are orig inally  
properly  applied. (2 )  T h e  scanners 
are in good operating condition, and
(3 )  The labels themselves are not de
graded due to d ir t  or o ther causes. 
I t  is also possible to obtain nearly  100 
percent through the use of m ultiplex  
scanners which independently read 
labels on both sides of the car. I t  has 
been my experience th a t except fo r  
certain v e ry  rare  weather and solar 
radiation conditions good labels are  
consistently readable.

Attendee: H. A . L is t, Railway En
gineering Associates, Inc.
Attendee's Question: What o ther kinds
of th ings could you pack into a label?

Bob Wiseman: C u rre n tly  the  labels
specify the car num ber, ty p e , and 
owner and are perm anently placed on 
the  car side. The cargo in the rail 
car can be id e n tifie d . through the use 
of a separate label which is e ither  
mounted on the  cargo container or 
placed tem porarily  on the car side. 
The scanner system presently  has the  
capability to read more than one . label 
per car; how ever, destination inform a
tion changes too freq u en tly  to consider 
the  use of additional labels placed on 
the  locomotive. I t  would seem fq me 
th a t destination information migtyjt best 
be obtained from a radio typg  data  
acquisition 1 system such as a dig ita l 
data link.
A ttendee: E. J. S ierle ja , T ran sp o r

tation^ and D istribution Associates. 
A ttendee's Question: Is th e re  a c r i
terion  fo r  determ ining a readab ility  
level a t which the in d u s try  will imple
ment MIS?

D. Spanton: The research engineers
w eren 't rea lly  asked to address ques
tions of th a t n a tu re . Th is  is. an indus
t r y  decision. The OT committee had 
specific recommendations on reta in ing  
o r abandoning the  present system. 
The Board of D irectors of the AAR has 
a certain  involvem ent arid it  is my 
understanding th a t recently  a poll was 
in itia ted  of all of the member railroads  
of the  AAR; that's  being handled , I 
believe, through Frank Danahy as 
Chairman of the Mechanical Committee. 
The poll has not y e t been completed, 
and I presume it  will be a t least 
several months before all o f the  re 
sponses are in and appropria te ly  ana
lyzed . I don't know w hether th a t  
answers your question adequate ly , but 
th a t's  a summary o f what we've seen in 
the  press and what we understand .

A ttendee: D. R. S u tlif f , Association
of American Railroads. A ttendee's  
Question: . Were the  wear surfaces in 
a new or worn conditon fo r  the  co
effic ien ts  * o f  fric tio n  • which were re -  
p o rte d /in  your remarks?

G. Fay: They  were ground so they
were not in a fu lly  worn condition, but 
in a simulated worn coridition. \ K la u s ,  
do you want to add something to that?

K. Cappel: I'll have to add th a t when
we tr ie d ,th e  ruris with brand new, un 
worn shoes,: we have some . ra th e r  
alarm ingly high num bers. We were  
concerned about the  in te g rity  o f the  
equipm ent so we stopped and ground  
the shoes o ff.

A ttendee: R. W. R adford , Canadian
National Railways:
A ttendee's Question: Have any mea-
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surements been made to record in cre 
mental fuel consumption and incremen
tal w ork done in the form  of a lte rn a 
to rs , kilowatts p er h o u r, o r draw  bar 
horsepower per hour to show if  any 
therm o-dynam ic advantage exists fo r  
th e  use of the fuel saver?

M. Jacobs: The  in itia l, te s t objective
o f th e  fuel saver concept was ju s t to 
install the  equipm ent, get it  on the  
tra c k , and see i f  th e re  were indeed 
any fuel savings. In answ er to your 
question, no, th ere  w ere not any timed 
incremental measurements taken on 
board th e  locomotive. Measurements 
were made on the  average of every  
h a lf-h o u r or hour if  possible. In high  
speed operation, measurements were  
not made until the end of a p articu lar  
operating route segment when we had 
a crew change. In th is  s ituation , 
about 3\  to 4 hours elapsed between 
measurements. C u rre n tly , th e re  are  
plans in FRA's O ffice o f F re ig h t Sys
tems to develop a more accurate loco
motive data acquisition package. This  
system probably will take  about two 
years to develop and will d e fin ite ly  in - 
elude the  k ilow att-hour power measure
ments you mentioned as well as any
th in g  else th a t we can devise to define  
th e  fuel effic iency o f th e  locomotive.

A ttendee: H . A . L is t, Railway Engin
eering Associates, Inc.
A ttendee's Question: What are  the  five
modes in th a t m atrix th a t you had up 
th e re  th a t were ascribed to the  
"axles"?

M. Ken w orthy: Thank  you fo r the
question; I had meant to  cover th a t. 
The fiv e  modes were simply the  rig id  
body modes because th e  axles are suf
fic ie n tly  rig id  th a t we d id n 't need to 
consider elastic modes. T h e  f iv e  modes 
were simply the  th ree  linear accelera
tions and two angular accelerations, 
pitch being deleted because th e  wheel 
rotates about the Y axis .

A ttendee: D r . L. Levine, Colorado
State U n iv e rs ity .
A ttendee's Question: Could you
b r ie f ly  itemize the fo u r analytical tech 
niques fo r  investigating  hunting  motion.

N . Tsai: The  fo u r techniques we are
using fo r the  hunting motion are the  
linear technique or Eigen Value, the  
q uasi-lineariza tion , the non-linear in te 
g ration , and the  h yb rid  technique.

Attendee: B . B eetle, Abex Corpora
tion •
Attendee's Question: The type  of
composition or metal b rake shoe and its 
wear on the  wheel tread  had a marked 
influence on the  hunting th a t was men
tioned in Paul G arrin  and Klaus 
Cappel's ASME paper in A p ril of 1976. 
Has any of the  testing  th a t we've done 
confirmed the  position on composition 
or metal b rake  shoes?

N. Tsai: As fa r  as th is program is
concerned, we did not consider brake  
shoes in our modeling and application; 
we did not apply  brakes d uring  the  
tes t.

Attendee: E. Schwarm, A rth u r  D .
L ittle , Inc.
Attendee's Question: Did you have
any problem in dealing w ith the  e ffect 
o f head or cross winds in obtaining  
comparative data between two runs?

M. Jacobs: When we started the  B u r
lington N orthern  u n it coal tra in  tes ts , 
we . did s ta rt on a v e ry  w indy day. 
There  were , gusts up to 30 mph. B u t, 
th a t w a s . ju s t  in the  area of Lincoln/ 
Nebraska. When we got 1,000 miles 
down the road, we were testing  in 
com paratively cold, still w in ter a ir .  
Because the  tests were conducted w ith 
in consecutive days of each o th e r, we 
did have v e ry  good com parability.

D . jgpanton: You might note th a t we
also" have a considerable amount of 
aerodynamic research going on here at 
the T est C en ter. We have some fu ll 
scale tests going on to validate earlie r  
wind tunnel model scale tes ts . The  
effect of aerodynamic q u arte rin g  w inds, 
head winds and so fo rth  has been re 
ported in pre lim inary  fashion in some 
documents and will be fu r th e r  reported  
on in the  fu tu re .
Attendee: E. D a ily , Koppers Corn-
p a n /.
Attendee's Q uestion: What are you
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doing to articu la te , reduce, and get 
rid  of tru c k  hunting?

G. Fay: I can ta lk  to you fo r about a
h a lf-h o u r on th a t. We ju s t awarded  
the contract September 30 to Wyle Lab
oratories fo r 2 .6  million, do llars , to 
w rap -u p  Phase I f ir s t ,  th a t is , to f in 
ish th e  work th a t was done, on th e  S -2  
and the ride control tru c k s , and then  
to look at the T y p e  II tru cks  which we 
hope will eliminate the  hunting  p ro 
blem. We hope we will be able to show 
y o u ,, the in d u s try , th a t it  is really  
more economical to pu t a little  b it more 
money into th a t tru c k  in the in itial 
phase of procurem ent, because it's  
going to save you in the long run  in 
operating costs. We have a 32-page  
Statement of Work fo r Phase I I which I 
would be glad to discuss w ith you.

Attendee: E. D ailey, Koppers Com
pany.
Attendee's Question: Have th e  dimen
sions of containers been standardized?

D. Spanton: The ISO standards do
e x is t, b u t I don't th in k  it's  q u ite  fa ir  
to say th a t all containers are  s tandard 
ized a t th is  point.

J. Blanchfield: No, there 's  qu ite  a b it
of ac tiv ity  in looking at d iffe re n t size 
containers fo r d iffe re n t purposes. A 
domestic container idea is being con
sidered . I t  would be a container 
s tru c tu ra lly  ligh ter than the in te rn a 
tional containers, which have to be 
stacked as many as 7 deep. A domes
tic  container would be lig h te r, perhaps  
have a better cube, and once th e  dim
ensions are standardized, then I th in k  
we may see some growth in th e  con
ta in e r fie ld .

Attendee: E. D ailey, Koppers Com
pany.
Attendee's Question: Is th e re  an in 
te n t to enlarge th e  FAST loop beyond
4 .8  miles?

D. Spanton: We d id n 't ta lk  much
about FAST this m orning. You'll hear 
more about the details of what we have 
ongoing on T h u rsd ay . T h e re  is a 
wish to expand the FAST loop beyond

4 .8  miles because it  is v e ry  obviously  
limited in speed (namely 42 to 45 mph) 
with its c u rre n t configuration; th is  
does not perm it us to investigate ade
quate ly  speed phenomena, such as 
h u n tin g , o r conduct adequate braking  
tes ts . These are  two v e ry  im portant 
th ings and I'm sure th ere  are many 
more which do need to be investigated  
and which req u ire  a larger run of ta n 
gent tra c k . The present configuration  
of fo u r locomotives and 70 to 80 cars 
means th a t some portion of the tra in  is 
in a curve  all the  time. For those of 
you who have consulted the  budget 
documents, you will observe th a t in 
the  Fiscal Y ear 1978 budget, we do 
have some funds fo r the design, in the  
sense of an A&E s tu d y , o f a larger  
tra c k . We do not presently  have any  
au th o rity  to proceed with construction. 
We're w orking on it .

A ttendee: M. Ephraim , ElectroMotive
D ivision, General Motors Corporation. 
Attendee's Comment: I ju s t wanted to
mention a few th ings in regard to  
M arilynne's presentation . Bob Radford  
has  ̂ asked w hether there  was any  
attem pt to t r y  to measure horsepower 
hours, tra c tiv e  e ffo r t, or some other 
param eters. T h ere  has been a tes t 
ju s t recently  completed on the South
ern Pacific and the report will be out 
soon, which w ill cover some of those 
param eters. I m ight jus t say th a t we 
have made a number of studies which 
indicate th a t th e re  is no thermal 
effic iency improvement used in the  fuel 
saver. I do th in k , however, th a t  
there  m ight be in the way of handling  
tra in s , some improvement. A nd , time 
does not allow, bu t it  is possible by  
using the  fuel saver under some con
ditions to improve fuel economy. It's  
not due to thermal efficiency im prove
ments b y  using the fuel saver. Thank  
you.

A ttendee: R . L .  Bullock, S tandard C ar
T ru c k  Company.
Attendee's Comment: While the  p u r
pose of the  paper is to introduce the  
development o f a transducer system, 
the authors deviate from this purpose  
in presenting the  tes t resu lts , w here  
they  attem pt to characterize the two
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suspension systems ju s t by one para
m eter, the fric tio n  coeffic ient. The  
two tru cks  are v e ry  d iffe re n t with re 
spect to th e ir  damping characteristics  
and, th e re fo re , tes t results  may not 
relate to the  d ifference in the  concep
tual designs. Just one data point, 
randomly p icked, is used in calculating  
the fric tio n  coefficient and thus has 
little  meaning unless the  measuring 
system is p ro ven ' to generate  
consistent and reproducib le  data which 
is not the  case here. Was there  not a 
wide scatter in the data?

Suspension systems are b e tte r char
acterized by an e ffec tive  fric tion  co
e ffic ien t which would include normal 
changes in geom etry, material damping 
and Coulomb damping. The  energy  
loss method would be more reliable. 
B ette r mathematical simulations of sus
pension systems use e ith e r a describing  
function or can use actual experimental 
data . In e ith er case fo r  the variable  
damped tru c k , fr ic tio n  forces versus  
absolute spring position must be 
known. The transducer system in tro 
duced through this paper has not dem
onstrated the ab ility  to fu rn ish  this  
valuable inform ation.

In the section on design concept, 
the  authors have v e ry  c learly  stressed 
the  importance of symmetric load d is
trib u tio n  and the resu lting  geometry of 
the  wear plate and fr ic tio n  shoe. How
e v e r, in the results section it  is stated 
th a t such a symmetric load d istribution  
was not achieved. The authors have 
presented data from only one fric tion  
casting and wear plate assembly. This  
obviously makes the values of the f r ic 
tion coefficient v e ry  questionable. 
T h is  problem could have been elimin
ated to an ex ten t if  the  authors had 
presented the average of tes t results  
over all the fric tio n  shoe and wear 
plate assemblies present in the system. 
Also, fu r th e r  deta ils , w ith regard to 
the  calibrations involved to eliminate 
the  effects of cross coupling between 
the  vertical and normal force blocks, 
is desirable.

A nother im portant aspect in the de
sign of suspension systems is the ma
te ria l damping capacity or internal 
fr ic tio n . The B arber S -2  tru cks  use 
cast iron fric tion  shoes which have an

excellent damping capacity compared to 
the steel shoes used in the ASF Ride 
Control T ru c k s . The  d ifference in the  
chatter observed may be related to the  
difference in the  damping capacities'. 
The energy dissipated by in ternal 
damping will not be indicated by ju s t  
considering the  fr ic tio n  coefficient ob
tained using the  FSFMS described in 
this paper.

K. Cappel and G . Fay: In response
to your discussion, the  main point to 
be made is th a t the  in ten t was not to 
characterize a suspension system but 
ra th er to dem onstrate the types of 
measurements afforded by th e  Friction  
Snubber Force Measurement System  
under conditions which cannot be 
equated to the  fu ll spectrum of the rail 
environm ent. We disagree th a t the  
selection of one data point was mean
ingless. The e rro r  due to cross coup
ling was on th e  o rd er of 1% and when 
averaged over fiv e  cycles th e re  was 
only a 4%% variation  in the  total work  
performed which includes the  cross 
coupling e ffec ts . We feel the re p ro 
du c ib ility  is excellent.

Yes, th e re  was scatter in the  data . 
We feel th is  is due to low frequency  of 
the in p u t governed by equipment 
lim itations. Th is  should smooth out 
when we fie ld  te s t. For a ha lf cycle 
(d o w n stro ke ), the  fric tio n  coefficient 
varied between .04 and .39 y ie ld ing an 
average of .25 . The value of .167  
cited e arlie r was simply an example of 
the type  of measurements which can be 
made and was calculated a t the  point 
of the highest measured force a t the  
lower normal tran sd u cer.

We must agree th a t th e  use of a 
total energy loss method is desirab le. 
However, it  was n ever the  in ten t of 
th is program to q u an tify  th is  loss 
owing to the  expense involved in the  
necessary laboratory  equipm ent or the  
conduct of fie ld  tes ts . The shop tests  
were conducted at ah a rb itra ry  b u t 
known spring position. I t  should be 
pointed out th a t the  Coulomb fric tio n  
value would remain the  same regardless  
of the load. I t  was never the in te n t, 
again, of the  program to q u an tify  the  
total energy dissipation of the suspen
sion system which would include the
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in ternal damping capacity. We are  not 
su re / how ever, th a t we agree w ith  your 
statement regard ing  the contribution  of 
th is  mechanism to the  total e n erg y  d is 
sipation.

You have misunderstood o u r re fe r 
ence to the importance of symmetric 
load d is trib u tio n . The  emphasis in the  
paper was placed on m aintaining wear 
plate symmetry or in o ther words the  
FSFMS must have been rig id  enough to 
preclude any t i l t  o f the  w ear p la te . 
Cocking of the fric tio n  shoe was not 
restra ined and occurred ju s t  as it  
would under a similar service load.

We appreciate your Comments and 
only  wish more coordination could have 
been possible.
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OVERVIEW OF FEDERAL RAILROAD ADMINISTRATION 
PASSENGER SYSTEMS R E S E A R C H  & D E V E L O P M E N T

B Y

M. B. Mitchell

Executive Summary
There is no question that, on a national basis, rail passenger service is 

here to stay. It may be that no single railroad can justify continuing 
passenger service at the expense of having its more profitable freight 
operations sit on a siding while a passenger train occupies the main lilies; 
however, the government feels that a balanced transportation network must 
include some level of rail passenger service, especially in light of today's 
energy situation.

The Department of Transportation is deeply involved in rail passenger 
business, both through Amtrak and the Northeast Corridor Project. The 
Department was instrumental in preparing the legislative package establishing 
the National Railroad Passenger Corporation (Amtrak), the organization 
through which our national rail passenger goal is implemented. The Rail 
Passenger Service Act of 1970, as amended (84 Stat. 1327; 45 U.S.C. 541), 
created Amtrak to provide a balanced transportation system by improving and 
developing intercity passenger trail service. The Amtrak Corporation is built 
on a "for profit" basis, with investment capital and operating losses currently 
supported by Federal financing. Amtrak is governed by a 13-man board of 
directors, with the Secretary of Transportation being an ex-officio member.

The Secretary of Transportation is also charged with the responsibility 
for implementing the Northeast Corridor Improvement Project, as delineated in 
Section 703 of the Railroad Revitalization and Regulatory Reform Act of 1976 
(4-R Act), which reads (paraphrased):

The Northeast Corridor Improvement Project shall be implemented by the 
Secretary in order to achieve the following goals:

(1) INTERCITY RAIL PASSENGER SERVICES.-
(A) (i) Within five years after enactment of this Act, regularly sche
duled and dependable intercity rail passenger service shall be estab
lished between Boston and New York, operating on a 3-hour and. 
40-minute schedule (including appropriate stops).......

(E) Within two years after enactment of this Act, the Secretary shall 
submit to the Congress a report on (1) the financial and operating 
results of the intercity rail passenger service established, under this 
section, (2) the rail freight service improved and maintained pursuant to 
this section, and (3). the practicability (considering engineering and 
financial feasibility and market demand) of establishing regularly sche
duled and dependable intercity rail passenger service between Boston, 
Massachusetts and New York operating on a 3-hour schedule (including 
appropriate interaoyediate stops), and between Ne w  York and Washington 
operating on a 2% hour schedule (including appropriate intermediate 
stops). ,
This report shall include a full and complete accounting of the need for 

improvements in intercity passenger transportation within the Northeast Cor



ridor, and a full accounting as to the public costs and benefits from 
improving various modes of transportation to meet those needs. If this report 
shows (i) that further improvements are needed in intercity passenger trans
portation in the Northeast Corridor, and (ii) that improvements (in addition 
to those required by subparagraph (A) (i) of this paragraph) in the rail 
system in this area would return the most public benefits for the public costs 
involved, the Secretary shall make appropriate recommendations to the 
Congress.

Within six years after enactment, the Secretary shall submit an updated 
comprehensive report on the matters referred to in this subparagraph. 
Thereafter, if it is practicable, the Secretary shall facilitate the establishment 
of intercity rail passenger service in the Corridor which achieves the service 
goals specified in this subparagraph.
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A N  O V E R V I E W  O F  PASSENGER TRAIN S Y S T E M  
ACTIVITIES, INCLUDING RAILROAD E L E C T R I F I C A T I O N

B Y
R. A. Novotny

Executive Summary
The current status and future plans for three areas of railroad research 

and development are discussed.
Railroad Electrification. In the Railroad Revitalization and Regulatory Reform 
Act of 1976 (4-R Act) Congress requires a study Of the potential benefits and 
costs of railroad electrification. The study is nearing completion and 
indicates that financially healthy railroads stand to benefit from electrification 
over the long-term, whereas marginal railroads are in no position to consider 
electrification in their scheme of improvements. Even for healthy railroads, 
the investment decision is difficult given the large amount of dollars required 
and the uncertainties associated with the investment. The technology is well 
developed in Europe, Russia and Japan and could be implemented in the 
United States with minimum technical risk. Operationally, electrified rail has 
the potential for offering improvements as a result of improved locomotive 
acceleration characteristics and reduced turnaround times although the prac
tical realization of these benefits is very railroad specific and requires a 
detailed study on a case-by-case basis. Economically, the lower maintenance 
cost of the electric locomotive vs. the diesel-electric provides an improved 
return-on-in vestment for the railroad; if petroleum costs increase with respect 
to electrification cost over the. years this would further enchance the electri
fication decision. However, the long-range nature of the investment (30 
years for the rolling stock and fixed plant) coupled with the uncertainties of 
price of energy and traffic growth make an electrification decision for a 
railroad somewhat speculative. From a national benefit standpoint, the flex
ibility of the fuel source offers a strategic benefit in that it would render 
electrified railroads immune to the vagaries of imported fuel oil prices and 
supply. The Government is already involved in railroad electrification to 
some extent via the Northeast Corridor program, electrification of a test track 
at the Department of Transportation Test Center, and our financial interest 
(Sec. 606 of the 4-R Act) in the outcome of Conrail's study on electrification. 
The results of the F R A  study will provide current information in railroad 
electrification for the consideration of Government decision-makers..

Advanced Technology. The High Speed Ground Transportation Act of 1975 
set the stage for studies to determine the applicability of advanced technology 
for intercity ground transportation. A  considerable amount of technical study 
and systems analysis was undertaken on a variety of technical features and 
system concepts. The initial work indicated a potential market for non-con- 
tact propelled and levitated vehicles operating at speeds between 150 mph and 
300 mph. This led to the manufacture and test at the Transportation Test 
Center of three full-scale prototype systems exploring the practical aspects of 
air levitated and linear motor propelled vehicles. The testing proved the 
technical feasibility of air levitation and linear motor propulsion but indicated 
that the fixed plant investment for such systems was high. The lack of 
interest on the part of transportation planners with regard to implementing 
this advanced technology led to drastic cuts in the program plans and funds.
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The current D O T  program is limited to tracking the progress of foreign work, 
conducting a small amount of technical R&D, and continual assessment of the 
market place to determine where and when an advanced ground transportation 
application might be feasible.
Improved Passenger Service. The Rail Passenger Service Act of 1970 made 
the National Railroad Passenger Corporation (Amtrak) responsible for oper
ating the major portion of rail passenger service within the United States. 
One goal of the F R A  is to assist Amtrak in providing cost-effective and 
improved passenger service in those markets where demand warrants. In 
support of this goal, a train evaluation program has been structured to 
analyze advanced passenger equipment, both foreign and domestic, against 
the Northeast Corridor and against medium density corridors in the Amtrak 
route structure. Ten trains of interest (mostly foreign) have been identified 
and are being analyzed from a cost and performance standpoint to determine 
their usefulness to Amtrak in select corridor applications. The program 
includes a preliminary study assessment of the performance and the cost 
effectiveness of each train to be followed by an on-track evaluation of sel
ected parameters (e.g., noise, fuel consumption, acceleration, track forces) if 
further corroboration of the train performance is deemed necessary. The 
program also identifies component and system areas that are candidates for 
R&D activity within FRA. Government personnel in eight foreign countries 
have been visited and agreed to cooperate by providing the information 
necessary to do the preliminary assessment of the trains. Reports on 
individual trains will be prepared with the first report available the latter 
part of 1977.



IMPROVED PASSENGER SERVICE  
COMPONENT RESEARCH AND DEVELOPMENT

B Y

M . C liffo rd  Gannett

E xecutive Summary

T h e  Federa l R ailroad Adm inistration Office o f Passenger Systems (F R A /  
OPS) is responsible fo r  the improvement of passenger equipm ent. Two major 
areas of in te res t are im proved passenger car suspensions and e lectrica l p ro 
pulsion systems.

One of the major missions of the Federa l R ailroad A dm in istration , O ffice  
of Passenger Systems FR A  (O P S ) is to promote a n d /o r  conduct research and  
development program s lead ing to continuous im provem ent of ra il passenger 
service. These program s include development o f b e tte r  designs fo r  car  
bodies and th e ir  associated electrica l and mechanical system s. For the past 
f iv e  y ea rs , how ever, a major emphasis has been on development of b e tte r  
tru c k  subsystems, i . e . ,  tru cks  th a t w ill improve the rid e  q u a lity  of ex is ting  
passenger c a rs . Reduction of tru c k  maintenance has also been a prime con
sideration.

To illu s tra te  the ro le o f FRA (O PS) in  tru c k  developm ent, th is paper  
describes b r ie f ly  two of our tru c k  development program s. The in te n t is to 
describe the o vera ll program  and not to repeat detailed  technical m aterial 
presented  in  o th e r papers .
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OVERVIEW OF FEDERAL RAILROAD A D M IN IS TR A TIO N  
PASSENGER SYSTEMS RESEARCH & DEVELOPMENT

BY

M. B . M ITCH ELL

INTRO DUC TION

There  is no question th a t , on a 
national basis, rail passenger service  
is here to s tay. I t  may be th a t no 
single railroad can ju s tify  continuing  
passenger service at th e  expense of 
having its more profitable fre ig h t oper
ations sit on a siding while a passen
g er tra in  occupies the main lines; how
e v e r, the government feels th a t a bal
anced transportation netw ork must in 
clude some level of rail passenger ser
v ice , especially in ligh t of today's en
e rg y  situation.

The Department of Transportation , is 
deeply involved in rail passenger busi
ness, both through Am trak and the  
Northeast C orridor Project. T h e  De
partm ent was instrum ental in p reparing  
the legislative package establishing the  
National Railroad Passenger Corporation  
(A m tra k ), the organization through  
which national rail passenger ser^ 
vice is provided. The Rail Passenger 
Service Act of 1970, as amended (84  
S ta t. 1327; 45 U .S .C . 5 41 ), created  
Am trak to provide a balanced tra n s p o r
tation system by improving and devel
oping in te rc ity  passenger tra in  serv ice . 
The Am trak Corporation was established  
on a " fo r-p ro fit"  basis, w ith investm ent 
capital and operating losses c u rre n tly  
supported by federal financ ing . Am
tra k  is governed by a 13-man board of 
d irecto rs , with the S ecretary  o f T ra n s 
portation being an ex-o ffic io  member.

The Secretary of Transportation  is 
also charged with the responsib ility  fo r  
implementing the Northeast C o rrid o r  
Improvement Project, as delineated in 
Section 703 of the Railroad R evita liza 
tion and Regulatory Reform A ct o f 1976 
(4 -R  A c t), which reads (p arap h ased ):

The N ortheast C o rrid o r Improvement 
Project shall be implemented by th e  
S ecretary  in o rd er to achieve the  
following goals:

(1 )  IN T E R C IT Y  RAIL PASSENGER 
S E R V IC E S .-

(A )  ( i )  Within fiv e  years a fte r
enactment of th is  A c t, reg u larly  
scheduled and dependable in te rc ity  
rail passenger service shall be es
tablished between Boston and New 
Y o rk , operating on a 3 -h o u r-an d -40  
minute schedule (including appro
p ria te  s to p s ).........

(E )  Within two years a fte r enact
ment o f th is  A c t, the Secretary  
shall submit to the Congress a re 
p o rt on ( I )  the  financial and operat
ing results  of the  in te rc ity  rail pas
senger service established under 
th is  section, (2 )  the  rail fre ig h t  
service improved and maintained 
pursuan t to th is  section, and. (3 )  
the  p racticab ility  (considering en
g ineering and financiat feasib ility  
and m arket demand) of establishing  
reg u la rly  scheduled and dependable 
in te rc ity  ra il passenger service be
tween Boston, Massachusetts and 
New Y o rk  operating on a 3 -hour  
schedule (inc lud in g  appropriate in 
term ediate s to p s), and between New 
Y o rk  and Washington operating on a 
2% hour schedule (includ ing appro
pria te  interm ediate stops).

Th is  re p o rt shall include a fu ll and 
complete accounting of the  need fo r  
improvements in in te rc ity  passenger 
transporta tion  w ithin the Northeast 
C o rrid o r, and a fu ll accounting as 
to the  public costs and benefits

M. B. Mitchell has served as Director of the Office of Passenger Systems (OR&D) since 1975. Mitchell 
received his M.S. in Engineering from Oklahoma State University (1951). Mitchell served as Chief of Test 
Center and Demonstrations Division prior to his current position.
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from im proving various modes of 
transporta tion  to meet those needs.

I f  th is  re p o rt shows ( j )  th a t f u r 
th e r  improvements are needed in 
in te rc ity  passenger transportation  
in the  N ortheast C o rrid o r, and ( i i )  
th a t improvements (in  addition to 
those requ ired  by subparagraph  
(A )  ( i )  of th is  p a rag rap h ) in the  
rail system, in th is  area would re 
tu rn  the  most public benefits fo r  
the public costs invo lved , the Sec
re ta ry  shall make appropriate  re 
commendations to the  Congress.

Within six years a fte r  enactment, 
the  S ecretary  shall submit an up
dated comprehensive rep o rt on the  
m atters re fe rre d  to in th is subpara
g rap h . T h e re a fte r , i f  it  is prac
ticab le , the  S ecre tary  shall fac ilita te  
the  establishm ent o f in te rc ity  rail 
passenger service in the C orridor  
which achieves the  service goals 
specified in th is  subparagraph.

GOALS

Before discussing the organizational 
stru c tu re  of the O ffice of Passenger 
Systems, i t  is helpful to review its six 
goals, (f ig u re  1 ) .  The  f ir s t  is to 
provide the technology, both near 
and long-term , th a t w ill achieve maxi
mum e ffec tive  use of rail passenger 
systems in meeting th e  nation's tra n s 
portation needs. Th is  goal is 
m ore-or-less an um brella fo r  the gen
eral rail passenger research and devel
opment a c tiv ity  o f th is  o ffice . The  
d a y -b y -d a y  analysis o f potential can
didate tra in  systems a n d /o r compon
ents , along w ith analysis of viable cor
rid o r applications, is conducted under 
th is c h arte r. Cost e ffec tive  rail pas
senger operation is predicated on mean
ingful research and development th a t 
will assure the  overall system is re li
able, easy to m aintain, and secured at 
the lowest possible capital and oper
ating cost.

The second goal is to pro
vide technological data and advice to 
the S ecretary  to use in meeting his 
responsib ility  in connection with Am- 
t ra k . Not only is the  Secretary  a

voting member on the A m trak Board of 
D irectors , a good portion of the funds  
Am trak . receives annually  from  
Congress flows through the  D O T. The  
S ecretary  must be aware of develop
ments in rail passenger vehicle  
technology.

PASSENGER SYSTEMS 
GOALS

• P R O V ID E  T H E  T E C H N O L O G Y , B O TH  N E A R  A N D  L O N G -T E R M , 
T H A T  W IL L  P E R M IT  M A X IM U M  E F F E C TIV E  U S E  O F  R A IL  
P A S S E N G E R  S Y S T E M S  IN M E E TIN G  T H E  N A T IO N 'S  
T R A N S P O R T A T IO N  N EED S ;

• P R O V ID E  T E C H N O L O G IC A L  D A T A  A N D  A D V IC E  T O  T H E  
S E C R E TA R Y  FO R  U S E  IN M E E TIN G  H IS  R E S P O N S IB IL IT Y  IN 
C O N N E C T IO N  W IT H  A M T R A K ;

• P R O V ID E  D IR E C T  S U P P O R T T O  A M T R A K  IN D E V E L O P IN G  N EW  
R A IL  P A S S E N G E R  E Q U IP M E N T  A S  M U T U A L L Y  A G R E E D  T O ;

• P R O V ID E  D IR E C T  R E S EA R C H  A N D  D E V E L O P M E N T  S U P P O R T  
T O  T H E  N O R T H E A S T  C O R R ID O R  P R O J E C T  O F FIC E  A S  
M U T U A L L Y  A G R E E D  T O ;

• U P D A T E  A N D  A D V A N C E  T H E  T E C H N O L O G Y  FOR W A Y S ID E  
E L E C TR IF IC A TIO N  A N D  V EH IC L E  T R A C T IO N  FOR U .S . 
R A IL R O A D S ; A N D

• M A IN T A IN  A  T E C H N O L O G Y  B A S E  A N D  K EEP  A B R E A S T  O F  
O F  W O R L D W ID E  T E C H N O L O G Y  D E V E L O P M E N TS  IN 
A D V A N C E D  S Y S TE M S .

FIGURE 1.

The goal of p rovid ing  ■ d irec t 
support to Am trak in developing new 
rail passenger equipment is amplified  
by a Memorandum of U nderstanding  
(M O U ) th a t defines the  general 
scope of responsib ility  and w orking re 
lationships between the  two organ iza
tions. Th is  MOU is backed by a de
tailed Master Plan th a t not only d is 
plays the individual projects and sche
du le , b u t also lists the office w ith p r i
mary responsib ility . These two docu
ments have been v e ry  helpful in estab
lishing a compatible w orking re la tion 
ship and negating the  possib ility  of 
duplicative research.

As with the goal defin ing  
the  support to A m trak , a sim ilar agree
ment has been reached with the  N o rth 
east C orridor Project O ffice fo r  d irec t 
support on near-term  vehicles fo r  NEC 
application and fo r  installation of the  
electrification  system fo r th e  Railroad  
T est T ra ck  a t the Transportation  T est 
C en ter. The  working arrangem ents  
and relationships between the  two 
offices are also displayed on the  Mas
te r  Plan.

The  f if th  goal is to update
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and advance the technology in the  
areas of wayside e lectrification and v e 
hicle trac tio n . The FRA has a 
growing in te res t in railroad e le c tr if i
cation fo r reasons of fuel e ffic ien cy , 
operations economy and environm ental 
protection. We are proceeding w ith  
electrification  studies and e le c tr if i
cation research at the T est C en ter. 
In a related technical area, s ig n ifican t 
technical achievements have been re 
corded recently  in the fie ld  of traction  
motors, and th is office is now con
ducting feas ib ility  studies in th is  area.

F ina lly , in the area of advanced  
systems, our. mission goal has been re 
oriented to a more modest level. In 
past years , research and development 
achievements on advanced tra n s p o rta 
tion vehicles outpaced the public d e 
mand and in te res t. The reestablished  
goal is to maintain a technical aw are
ness of worldwide status in th is  fie ld ,  
and to a le rt planners when it  is time 
once again to s ta rt appropriate  re 
search pro jects .

O R G A N IZA TIO N A L STRUCTURE

The O ffice of Passenger Systems, 
one of th ree  operating offices w ithin  
the Federal Railroad Adm inistration's  
(F R A 's ) O ffice o f Research and D evel
opment (as shown in fig u re  2 ) ,  con
sists o f two divisions: the Passenger
Equipment Division and the Passenger 
Systems and Facilities D ivision. Th is  
organizational s tru c tu re  maintains a 
proper balance between looking a t the  
passenger business as a total system  
and responding to Am trak on a 
one-by-one component basis. The  
systems aspect of passenger rail R&D 
supports the Northeast C o rrid o r  
Projects (N E C P ) which will incorporate  
a major new tra in  system. Every facet 
of the  total system is being looked at 
critic a lly  before a decision is made on 
any single element. A m trak , . on the  
other hand, which in tegrated  the  
passenger rail portion of many 
railroads into a single netw ork w ith in  a 
v e ry  short period of time and started  
operation w ith equipment having an 
average age of some 20 to 25 y ea rs , 
requires quick response on equipm ent 
and maintenance, issues. Until o u t

dated equipment is re tired  and new 
designs implemented, A m trak will con
tin u e  to be burdened w ith a high-cost 
operatio n .

FIGURE 2.

OFFICE OF
PASSENGER SYSTEMS

FIGURE 3.

The Passenger Systems and Facility  
Division is charged w ith p lann ing , in i
t ia tin g , and conducting ground tra n s 
portation research and development on 
a system level. The scope of ac tiv ity  
includes both passenger tra in  and ad
vanced systems. The  Passenger 
Equipment Division has a similar char
te r ,  except it  works a t the equipment 
level. As stated e a r lie r, th is  m atrix  
mix allows a complete system overview , 
while a fford ing  more detailed investi
gation into the  technical aspects of 
equipment a t th e  component level. I t

PASSENGER SYSTEMS 
& FACILITIES DIVISION

• TR A IN  EVALUATIONS/ 
SYSTEM S ANALYSIS

• A D V A N C ED  TECHN O LO GY

• 4-R A C T  ELECTRIFICATION 
STUDIES

________ [________
PASSENGER 

EQUIPMENT DIVISION

• EQ UIPM EN T

• ELECTRICAL TR A CTIO N

• LINEAR M OTORS
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also allows . quick response on 
near-te rm  requirem ents w ithout 
negating or d isru pting  long-range  
system planning and execution of major 
program s, such as Northeast C orridor  
Project and Improved Passenger 
Equipment Evaluation Program.

Major program ah d /o r technology  
areas of the two divisions are shown in 
fig u re  3 and fu r th e r  amplified in the  
n ext section.

Improved Passenger Equipment Evalua
tion Program

The Improved Passenger Equipment 
Evaluation Program (IP E E P ) is an ou t
growth of th e  Improved Passenger 
T ra in  ( IP T )  program in itiated in 1973. 
The intended scope fo r the IPT was to 
develop a prototype tra in  system fo r  
o ff-c o rrid o r application with provisions 
fo r converting the traction system to 
total e lectric  (in  place of the tu rb in e  
or d iese l-e lectric  propulsion) fo r app li
cation in the  NEC. D uring early  
p h ases-o f the  program , it  was d e te r
mined th a t insu ffic ien t technical data 
was available fo r defin ing a rigorous  
performance c rite r ia  or design speci
ficatio n . One tech n ica l' area with major 
shortcomings was th a t of ride q u a lity . 
O thers were concerned with trad e -o ffs  
of propulsion systems, m u lti-u n it v e r 
sus locomotive-hauled tra ile r  cars , 
articu la tio n , and tra c k  forces. A t the  
same tim e, it  was recognized th a t 
available fund ing  and personnel 
resources were inadequate fo r  
successfully conducting the  program as 
o rig in a lly  planned. As a consequence, 
the program was redirected to solicit 
participation by the foreign railroad  
and supply in d u s try  in order to take  
advantage of technical achievements 
already accomplished by o thers , should  
they  have potential application in the  
United S tates. Both the  foreign and
U .S . rail passenger tra in  supply  
community has endorsed the concept 
and become active partic ipants .

E lectrification Report Submitted to 
Congress, I .E .  4 -R  Act

The FRA's O ffice of Research and De
velopment has been assigned responsi

b ility  fo r railroad electrification  R&D 
and preparation of th e  re p o rt on costs 
and benefits of railroad e lectrification  
to be submitted by the S ecretary  of 
Transportation to Congress n ext Jan
u ary . The  O ffice of Passenger Sys
tems is the lead organization fo r th is  
e ffo rt.

The rep o rt is in response to the  
provisions of the Railroad R evitaliza
tion and Regulatory Reform A ct of 1976 
(4 -R  A c t).

In conducting the  study on 
electrification , the  capital and 
operating cost factors fo r converting a
26,000 mile high tra ff ic  density  nation
wide rail netw ork to e lectrified  o p er
ations has been review ed. Potential 
diesel fuel savings, e lec tric ity  con
sumption, and coal requirem ents were 
computed fo r the  netw ork on a nation
wide and regional basis. The environ 
mental effects (p rim a rily  emissions from  
fu e ls ) were also computed nationwide, 
with and w ithout the netw ork in place. 
Potential benefits and impact were con
sidered from both the national and ra il
road perspective , and as it would 
affect the  electric  u tility  system. 
Finally , because conversion to e le c tri
fication requires a s ign ificant capital 
investment which must be recovered  
through savings in operating costs and 
service improvements, th e  study deals 
with R&D projects leading to low risk  
improvements.

Advanced Systems Program

Advanced System a c tiv ity  in past 
years included research and develop
ment th a t resulted in successful .dem
onstrations of double-sided linear in 
duction motors and a tes t-b ed  vehicle  
which ultim ately set the  steel 
wheelsteel . rail land speed record of 
255 miles per hours, a 
2,500-horsepow er tracked  a ir  cushion 
vehicle designed fo r speeds up to 300 
miles p er hour, a prototype  
60-passenger version of a tracked  a ir  
cushion vehicle tested and demon
strated at speeds up to 145 miles per 
hour, successful testing  of a 
8 ,250-vo lt power conditioning u n it 
(P C U ) fo r a 4 ,000-horsepow er electric  
motor with application to conventional
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railroads, and a wayside power collec
tion u n it th a t was tested at speeds up 
to 300 miles per hour. The results of 
these programs s ign ificantly  advanced 
the s ta te -o f-th e -a rt of next-generation  
vehicle systems. However, recent 
ground transportation tra ff ic  demand 
analyses indicate th a t more emphasis 
must be placed on systems having more 
potential in the  n ear-te rm . The ad
vanced system a c tiv ity , as a resu lt, 
has been reoriented to provide access 
into developments being conducted by 
other countries, bu t stopping short of 
actual research and development p ro 
jects .

N ear-Term  Vehicle Selection ,

The selection of rolling stock fo r  
application in the Northeast C orridor 
has been segregated from the I PEEP 
program owing to the 1981 time element 
improsed by the  4-R  A ct. Insu ffic ien t 
time exists before actual operation of 
the improved NEC system to allow de
velopment of a new generation of ro l
ling stock. The "N ear-Term  Vehicle  
Selection" project entails review  and 
evaluation of candidate .locomotives fo r  
use in hauling Amfleet tra ile r  cars and 
applicable m u lti-u n it equipm ent. The  
evaluation includes actual running  
tes ts , cost estimation, equipment ava il
ab ility  and re liab ility  studies, and final 
vehicle selection and design modifica
tions. The term ination date of the  
project will depend on which vehicles 
are selected and which performance 
requirements are v erifie d .

E lectrification Program

The Electrification Program is s tru c 
tu red  to improve the efficiencies of 
electrical equipment reducing petroleum  
usage by our railroads. , N ear-term  
projects include system engineering  
studies directed toward adaptation of 
advanced foreigh technology to U .S . 
application, and the development of 
models th a t will provide proper 
in terfacing between railroads and 
electrical u tilities . Substation and 
ra ilro a d /u tiliy  in terface improvements 
are sought th a t will reduce peak power 
demands, improve phase balance, and 
reduce reactive power requirem ents. 
Improved catenary equipment is also

being developed, as are improved AC 
trac tion  equipment th a t will lead to 
improved motive power. F in a lly , a 
project is aimed at techniques fo r  
reducing EMI with wayside and public  
communication systems.
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AN OVERVIEW  OF PASSENGER TR A IN  SYSTEM A C T IV IT IE S ,  
IN C LU D IN G  RAILROAD E LE C TR IF IC A TIO N

- BY

R .A . NOVOTNY

C u rre n t status and fu tu re  plans fo r
th ree  areas of railroad research and
development are  reported h ere in .

(1 )  Railroad E lectrification The  study  
to analyze railroad e lec trificatio n , 
called fo r  by the Railroad R ev ita l
ization and R egulatory Reform A ct 
o f 1976; is nearing completion. 
Conclusions and recommendations 
will be transm itted to Congress 
e arly  in 1978. Prelim inary f in d 
ings and o ther governm ent work  
related to railroad e lectrification  
are presented here .

(2 )  Advanced Technology. Results 
from  the  R&D program  to develop  
an advanced ground tra n s p o rta 
tion system fo r th e  United States 
are summarized. Future  a c tiv ity  
w ill; monitor the extensive w ork  
c u rre n tly  underw ay in foreign  
countries , undertake  limited R&D 
on key aspects o f advanced sys- , 
terns (p a rtic u la r ly  magnetic sus
pension and p ro p u ls io n ), a r id - in 
vestigate  opportunities fo r  ad
vanced ground transporta tion  : in 
th e  United States.

(3 )  Improved Passenger T r a in . A d 
vanced passenger tra ins,- both : 
domestic and fo re ig n , are being 
evaluated fo r  the  n e x t generation  
U /S . passenger tra in . Reduced 
t r ip  tim e, passenger com fort, and 
Cost-competitiveriess are  th e  p r i
m ary goals. Two tra in  concepts 
are sought, an . e lec trified  tra in  
fo r  A m trak's h ig h -d en s ity  N o rth 
east C o rrid o r Program arid a nori- 
e lectrified  tra in  fo r o th er mediumr 
density  Am trak routes.

RAILROAD E LE C TR IF IC A T IO N  

OVERVIEW

. The Railroad Revitalization and Reg
ulatory  Reform A ct of 1976 (4 -R  A ct) 
directed th e  S ecre ta ry  of T ran sp o rta 
tion to analyze and evaluate railroad  
electrification w ith emphasis on poten
tial benefits , costs, and energy and 
environmental implications. The  re 
sponsibility fo r  conducting th is  study  
was assigned to the  Federal Railroad 
Adm inistration (F R A ) which is now in 
the process of completing its w ork. 
The study covers fo u r major e ffo rts :
(1 )  investigate th e  technology of ra il
road e lectrification ; (2 )  estimate the  
capital and operating cost d iffe ren tia l 
fo r e lectrified  and d iese l-e lec tric  ra il
roads; (3 )  consider the  energy and 
environmental issues; and (4 )  consider 
the  options fo r governm ent p artic ip a 
tion in rail e lec trifica tio n .

The final rep o rt will address the  
issues associated w ith railroad e le c tri
fication to such an e x ten t th a t the  
government will be able to determ ine  
accurately th e  national transportation  
and energy benefits th a t could accrue  
from widespread implementation of th is  
technology. The rep o rt is scheduled 
fo r transm ittal to Congress early  in 
1978.

Although the  s tudy rep o rt is p re 
lim inary in nature  a t th is  tim e, an 
overview  of the  main points can be 
presented:

0 . Railroad e lectrification  is a mature 
technology. I t  is in w idespread use 

•th ro u g h o u t Europe, and th e re  have 
been recent applications in the  
United States using the most ad -
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vanced designs. There  are no 
major technological b a rrie rs  to elec
trifica tio n .

0 A prim ary benefit o f  e lectrification  
is financial. I t  o ffers  an excellent 
opportunity  f o r . lower operating  
costs and higher, re tu rn  on invest
ment (10 to 30% depending on the  
situation) fo r s teady/ high-volum e  
tra ffic  m arkets.

0 The prim ary risk  of e lectrification  
is also financia l. I t  requires an ex 
tensive, long-term  investm ent (from  
$125,000 per mile fo r single tra c k  to 
$410,000 per mile fo r double tra c k , 
depending on the  installa tion) th a t 
will be a good investm ent decision 
only if  the m arket fo r  ra ilroad ser
vice holds up fo r 20 to 30 years .

0 The energy implications of railroad  
electrification are s tra teg ic . Elec
trificatio n  permits the nation's rail 
system to re ly  on domestic energy  
sources, such as coal, ra th e r than  
to be dependent on uncertain fo r 
eign supply. E lectrification is not, 
however, jus tified  solely b y  petro 
leum savings. E lectrify ing  26,000  
route miles would save 1 .7  billion 
gallons of oil per y ea r, only about 
one and a half percent of the  tra n s 
portation industry 's  use.

BACKGROUND AND STATUS

. Railroad e lectrification would com
plement existing d iese l-e lectric  locomo
tives (which generate th e ir  own on
board power) with a s tationary power 
plant system as shown in fig u re  1. 
Electric locomotives can generate much 
higher horsepower than d iesel-e lectric  
u n its , do not need fu e lin g , require  
minimal servicing and maintenance, and 
can provide improved perform ance over 
diesels.

P rior to World War I I ,  the  United  
States led the world in e lec trified  ra il
roads, with its 2 ,500 e lectrified  route  
miles constituting o n e -fifth  of the  
world to ta l. A fte r  World War I I ,  the  
European nations, faced w ith reb u ild 
ing th e ir  fixed  p lant as well as re 
placing equipm ent, aided by the  ava il

a b ility  of h yd ro -e lec tric  power in moun
tainous regions in Ita ly , West Germ any, 
S w itzerland , Norw ay, and Sweden, and 
d riven  by the  desire to use energy  
sources available w ithin each c o u n try , 
undertook extensive e lec trification . 
North Am erica, faced only w ith re 
placing worn motive equipm ent, 
adopted the d iesel-e lectric  locomotive 
units th a t now dominate th e ir  ra ilroad  
motive power. Today, of all the  major 
industria l nations in the  w orld , only  
North American countries do not have 
sizable portions of tra c k  e lec trified  
(as shown by fig u re  2 ) .

COMPONENTS OF AN ELECTRIFIED RAIL SYSTEM

FIGURE 1: COMPONENTS OF AN
ELEC TR IFIED  RAIL SYSTEM

PERCENT OF
ROUTE MILES TOTAL

COUNTRY ELECTRIFIED ROUTE MILES •

Russia 22,700 27
France *,520 24
West Germany 5,160 28
Italy 4,950 48
Sweden 4,350 61
Japan 3,860 29
Poland 2,180 15
England 2,070 17
Spain 1,970 23
Switzerland 1,790 99
Norway 1,420 54
Austria 1,320 39
Czechoslovakia 1,210 10
United States 1,162 0.5
Netherlands 1,010 52
Belgium 700 24
Portugal 470 27
Canada - nil
Mexico

"
nil

FIGURE 2. WORLD RAILROAD
E LE C TR IF IC A TIO N

Figure 3 shows the  c u rre n t e x ten t 
of e lectrified  U .S , railroad operations. 
The bottom th re e  systems on th is  c h art 
are operated by electric  power u tilities  
to tra n s p o rt coal from mines to power

102



plants . These systems incorporate  
h ig h -vo ltag e , a lternating  c u rre n t, and 
modern th y r is te r  contro ls, and they  
demonstrate existing e lectrification  
hardw are th a t is available in this  
co u n try .

RAILROAD LOCATION
ROUTE
MILES

PROPULSION
POWER

Illinois Central Gulf Chicago, IL 37 .. 1,500 Volts DC

Chicago South Shore & 
South Bend • Chicago, IL 76 1,500 Volts DC

Conrall/Amtrak

Ex Erie Lackawanna Hoboken, NJ 80 3,000 Volts DC

Ex Penn Central New Haven, CT- 
Wash., DC & 
Phila., PA- 
Harrisburg

762 11 KV, 25 HZ AC'

Ex Reading Phila., PA 88 12 KV, 25 HZ AC

Muskingum Electric Zanesville, OH 15 25 KV, 60 HZ AC

Black Mesa & Lake Powell Page; AR 78 50 KV, 60 HZ AC

Texas U tilities Monticello, TX 11 25 KV, 60 HZ AC

Martin Lake, TX 15 25 KV, 60 HZ AC

Present total U.S. electrified miles 1,162

FIGURE 3. CURRENT U .S .
RAILROAD E LE C TR IF IC A T IO N

CURRENT WORK

The governm ent is v ita lly  interested  
in railroad electrification  because it  
offers  the possibility of substantial 
long-term  benefits and could have a 
sign ificant impact on the  strength  of 
the nation's transporta tion  system. 
This  in terest is reflected in the loan 
guarantee funds available under the  
4-R  A ct; the Departm ent of T ran sp o r
tation (D O T ) plans to e le c tr ify  the 14- 
m ile, closed-loop tra c k  a t the  T ra n s 
portation T est C enter; the  DOT'S 
strong role in the Northeast C orridor 
electrification program ; and th is  study  
on railroad electrification  which . is 
specifically called fo r by the 4-R  A ct.

M oreover, the railroad in d u s try  has 
a number of studies underw ay to c la r
ify  w hether or not e lectrification  is a 
fix e d -p la n t improvement th a t railroads  
should undertake . For example, Con- 
rail is considering a s tudy to id en tify  
the  costs and benefits of e lec trify ing  
the  P ittsburgh to H a rris b u rg , PA 
rou te . Am trak and D O T , with funds  
made available under the 4 -R  A ct, have 
plans to upgrade the 300 route miles of

electrified  line between Washington, 
D .C . ,  and New Haven, C o n n ., and to 
e lec trify  the 150 miles between New 
Haven and Boston. Detailed plans fo r  
electrification of the  Northeast C orridor  
are being developed.

A cash-flow  analysis model (see  
fig u re  4 ) has been constructed th a t 
can be used periodically  to assess the  
investment rationale of railroad e le c tri
fication as cost parameters (p ric e  of 
en erg y , catenary installa tion , e tc .)  and 
risk  factors change. F ina lly , R&D 
opportunities are being identified  th a t 
would reduce the  investm ent risk  to 
railroads ; th a t e le c tr ify , and would 
allow fo r an o rd e rly  transition  should 
large-scale e lectrification  be introduced  
into the United States over the  next 
30-40 years . Investigations to reduce  
investment r isk  would encompass areas 
such as pow er-facto r improvements, 
catenary installation techniques, and 
low-cost catenary designs, ; while work  
to achieve an o rd e rly  transition  to ra il
road electrification would cover such 
topics as sa fe ty , re lia b ility , and elec
tromagnetic in terference  standards.

FIGURE 4. BLO CK-DIAGRAM  
. OF THE DISCO UNTED CASH FLOW 

ANA LYSIS  MODEL FOR 
RAILROAD E LE C TR IF IC A T IO N

ADVANCED TECHNOLOGY * 1965

H ISTO R IC A L BACKGROUND

Following enactment of the  High 
Speed Ground Transportation  A ct of
1965 (pub lic  law 8 9 -22 0 ), the United  
States entered into a period of in ten 
sive research and development s tru c 
tured  to ascertain the  role of advanced 
technology fo r domestic in te rc ity  
ground tran sp o rta tio n . The program
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focused on high speed (150 to 300 mph) 
systems th a t not only could increase 
passenger comfort and safe ty , but 
would also improve effic iency and lower 
the cost of in te rc ity  ground tra n s p o r
tation .

A considerable volume of technical 
study and system, analysis was carried  
out fo r a range of theoretical con
cepts, including evacuated-tube vehicle  
systems, cable-suspended systems, and 
non-contact propulsion and suspension 
systems (a ir-cushion and m agnetically  
levitated vehic les).

Linear motor propulsion and tracked  
air-cushion vehicles were selected to  
undergo fu ll-scale  development to 
assess actual cost and performance  
characteristics. Three  major fu ll-sca le  
vehicles were developed and con
structed as a p a rt of th is  program . 
The f irs t  was the Linear Induction  
Motor Research Vehicle (L IM R V ) de
picted in fig u re  5. This vehicle em
bodied the features of a noncontact 
(lin e a r e lectric  m otor) propulsion sys
tem with a conventional ra ilroad tru c k  
design. During extensive testing  over 
six miles of well-m aintained railroad  
tra c k , it  yielded valuable technical in 
formation th a t led to development of a 
high-pow ered, low -w eight, w ater- 
cooled linear motor propulsion system  
fo r a 300 mph Tracked Levitated Re
search Vehicle (T L R V ) . The  LIMRV  
also proved the feas ib ility  of operating  
conventional railroad tru cks  a t v e ry  
high speeds (255 moh achieved in 
1975).

FIGURE 5. THE LINEAR IN D U C TIO N  
MOTOR RESEARCH VEH IC LE (L IM R V )

The n ext major advance was the  
construction and testing  of a 300 mph, 
a ir - le v ita te d , linear-m otor-propelled  
Tracked Levitated Research Vehicle  
(T L R V ) and associated guideway  
(f ig u re  6 ) .  Th is  T L R V  work proved  
the feas ib ility  of adapting advanced 
technology to ground transportation  
systems in such areas as noncontact 
a ir levitation and guidance, noncontact 
magnetic propulsion and b rak in g , h ig h 
speed (300 mph) wayside power collec
tio n , and high performance solid-state  
electric  power conditioning. I t  also 
demonstrated th a t vehicle and guide
way technology could be pu t together  
into a w orkable system.

FIGURE 6. THE L IN EA R -M O TO R - 
PROPELLED TRACKED LE V ITA TED  

RESEARCH VEHICLE (T L R V )

However, the TLR V  program in d i
cated th a t guideway costs were much 
higher than fo r  existing conventional 
rail systems, and th a t switching ve 
hicles into and out of guideways having  
a vertica l reaction rail was more d if f i 
cu lt than o rig in a lly  anticipated. U lti
m ately, the high cost (approxim ately  
$2,000,000 per mile of 1974 do llars) 
associated with closing the 22-mile 
TLR V  guideway at the Transportation  
T est C en te r, along with an impending



energy problem (propulsion re q u ire 
ments double when speed increases 
from 250 to 300 m p h ), led to demise of 
th is program .

The  th ird  major element in the  pro
gram was the Prototype T ra c k  A ir  
Cushion Vehicle (P T A C V ) which was 
constructed to investigate  advanced 
technology concepts fo r a passenger 
carry in g  vehicle having a more modest 
150 mph desig'n speed (f ig u re  7 ) .  
System technology was demonstrated at 
the Transportation  T est C enter in A ug
u s t, 1976. The program was subse
q u ently  shut down, su ffe rin g  from re 
newed in terest in conventional rail 
technology and an in ab ility  to compete 
economically at th is  time w ith  existing  
auto , ra il, or a ir  in te rc ity  tran sp o r
tation systems.

FIGURE 7. THE PROTOTYPE TRACK  
A IR  CUSHION VEH IC LE (P T A C V )

(N ote the power transmission railing  to 
the  side of the P T A C V .)

STA TU S

Th ere  has been s ig n ifican t progress  
in the technology associated with ad
vanced ground transporta tion  systems 
during  the past 15 years , both domes
tica lly  and abroad. Numerous a lterna
tive  technological approaches have 
been carefu lly  analyzed, and consider
able experimental w ork has been p er
form ed. The following is a b r ie f sum
m ary of the status of those systems

th a t appear most promising fo r ap p li
cation to advanced ground tran sp o rta 
tio n , based upon w orld -w ide a c tiv ity . 
Figure 8 shows some of the fo re ig n -  
developed maglev research vehicles.

FIGURE 8. EXAMPLES OF 
MAGLEV RESEARCH VEHICLES  

DEVELOPED BY 
FOREIGN COUNTRIES

A ir C ushion. A ir  cushion suspen
sion technology is w ell-developed, and 
has operated a t speeds to 150 mph in 
the United States using linear motor 
propulsion (th e  P T A C V ) and at 250 
mph in France, using gas turb ines fo r  
propulsion. A lthough technical feasi
b ility  is p roven , the cost of the gu ide
way and reaction rail s tru c tu re  must 
be reduced before such a system can 
compete feconomically w ith o ther modes 
of in te rc ity  ground transportation  or 
very  high patronage markets must be 
available to o ffset the high implemen
tation cost.

Repulsion M aglev. The theory  and 
analysis of repulsion maglev suspen
sion, which relies on the repulsive  
force between like magnetic poles, is 
well advanced as a resu lt of work in 
Japan and Germ any. However, much 
work remains on the linear synchronous 
motor (th e  propulsion system usually  
associated w ith th is  concept), p a rticu 
la rly  in the  area of s tu rd y , lig h t
weight cryogenic hardw are.
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A ttraction  M aglev. A ttrac tio n
maglev systems re ly  bn th e  a ttra c tive  
force associated with opposite poles of 
a magnet to suspend a veh ic le . The  
design and performance of attraction  
maglev suspension is well understood, 
and a system has been constructed and 
run  at speeds up to 250 mph by the  
Germans. However, the  in tegration  of 
magnetic levitation and magnetic pro^- 
pulsion into a single u n it requ ires  ad
ditional investigation , as does the  col
lection of power at high Speeds. Work 
to resolve remaining technological p ro 
blems is c u rren tly  underw ay in G er
many.

FUTURE DIRECTIO NS

While the level of advanced tech 
nology R&D within the  United States  
has been v e ry  low fo r the  past several 
y ears , both Germany and Japan are  
active ly  studying and testing  fu ll-sca le  
advanced transportation system s, with  
emphasis on m agnetically lev itated  . and 
propelled vehicles. Japan is p a rtic u 
la r ly  active and is expending tens of 
millions of dollars per y ea r.

C u rre n tly , advanced technology  
R&D in the  United States is limited to  
track in g  the progress of fo re ign  w ork, 
conducting a modest amount o f tech n i
cal R&D at the an a ly tica l/lab o ra to ry  
leve l, and continuing to assess the  
marketplace to determ ine w here and 
when an advanced application m ight be 
economically feasib ’ .

With th is  approach in m ind, a mod- 
a lly  coordinated program is being de
veloped th a t can evaluate new tra n s 
portation concepts in much th e  same 
way a new tra in  system would be 
judged . Both life -cyc le  costs and 
macro-economic benefits of new systems 
will be judged against an existing  
transportation  system as a baseline. A 
block diagram of the  approach is 
shown in fig u re  9.

IMPROVED PASSENGER SER VICE

OVERVIEW
\ ■ . • : ’

The F^ail Passenger Service A ct of 
1970 madb the National Railroad Pas
senger Corporation (A m tra k ) respon

sible fo r  operating the  major portion of 
rail passenger service w ithin the  
United S tates. A t p resent, Am trak  
passenger service extends over 26,000  
miles and links numerous urban lo
calities (see fig u re  1 0 ).

FIGURE 9. NEW SYSTEMS 
PROGRAM PLAN

FIGURE 10. THE AMTRAK SYSTEM

The equipm ent flee t inherited by 
Am trak was extrem ely varied and o u t
dated , calling fo r an aggressive im
provement program . Am trak has in 
itiated such a program which continues 
today. One goal of the FRA is to as
sist A m trak in provid ing  cost-effective  
and improved in te rc ity  passenger ser
vice in those markets where demand 
w arran ts .

In support of th is  goal, the FRA 
has s tru ctu red  a T ra in  Evaluation Pro
gram to analyze advanced passenger 
equipment developments, both foreign  
and domestic, against medium and high- 
density corridors in the Am trak route

\ '
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s tru c tu re . The program  is being coor
dinated with A m trak and the FRA 
Northeast C o rrid o r P ro ject, and will 
provide an in p u t fo r th e ir  equipment 
selection process.

Foreign technology w ill be stressed 
owing to the active passenger tra in  
R&D which has taken place in Europe 
and Japan over the past 15 years. 
Figure 11 lists the  tra in s  th a t have 
been selected fo r eva luation , and 
fig u re  12 describes th e ir  developmental 
status.

Analytical modeling techniques will 
be employed to ascertain th e  su itab ility  
of such tra in  characteris tics  as speed 
on curves , top speed, acceleration, 
and braking  fo r each co rrid o r o f in te r 
est. O th er design fea tu res  not depen
dent upon the  c o rr id o r, such as pas
senger appeal and com fort, operational 
and passenger s a fe ty , m ain ta inab ility , 
and developmental s ta tus , will also be 
assessed in d e ta il. For each new 
t ra in , estimates will be made as to  
patronage th a t would be generated, 
life -cyc le  costs, energy  and environ
mental considerations, and operational 
fle x ib ility  as compared to existing  
tra in s  th a t run in the co rrid o rs .

Country Train
Designation Description

Canada LSC Diesel e le c tr ic  powered t i l t  tra in ; 120 oph

England BST 125 oph diesel e lec tr ic  locomotive powered train

England APT • 155 oph e lectric  multiple unit-powered t i l t  train

Prance TGV-PSE 185 mph e le ctric  multiple un it powered tra in

Germany BT-403 120 oph e lectric  multiple unit t i l t  train

Ita ly Y-0160 155 oph e lectric  multiple unit t i l t  tra in

Japan 961 135 oph e lectric  multiple unit

Sweden X-15 110 mph e lectric  multiple unit t i l t  tra in

Switzerland Type I I I  Coach 110 mph t i l t  car

USA SPV-2000 100 mph d iesel powered multiple unit tra in

FIGURE 11. T R A IN S  BEING  
EVALUATED FOR POSSIBLE  

EVA LUATIO N "*•

Advanced tra in  technology will be 
evaluated fo r two d is tin c t operational 
arenas w ithin the  United S ta tes . One 
is typ ified  by the  soon-to -be reh ab il

itated, N ortheast C o rrid o r route th a t  
will be developed using the  1 .75  billion  
dollar investm ent, authorized in the  
Railroad, Revitalization and Regulatory  
Reform A ct of 1976. This operating  
arena w ill be characterized by high  
density t ra f f ic ,  excellent r ig h t-o f-w a y  
(continuous welded ra il, clean ba llast, 
good tie s , h igh-speed tu rn o u ts , few  
a t-g ra d e  crossings, and fencing fo r  
safety and p r iv a c y ) , a modern signal 
system,, the  latest in e lectrification (25  
kilovolt, 60 H e r tz ) ,  a minimum of slow- 
orders caused by outmoded civil con
s tra in t such as bridges  and tunne ls , 
improved term inal fac ilities , and ow ner
ship by A m trak . In e ffe c t, th is  o p er
ational arena offers a rail passenger 
transportation  system similar to the best 
in England, not qu ite  as advanced as 
the proposed Paris-Lyon line in France, 
b u t nonetheless a major step forw ard  
fo r in te rc ity  rail passenger service in 
the United S tates. .

Country . Train . ' ‘ > i Status

Canada LRC -' ^ Prototype In test. Production units being mfgd.

England- HST In revenue service. '

England APT Production units being mfgd. Start revenue service 
late 1978.

- Prance TGV-PSE Being mfgd: Start running test mid 1978; revenue 
service late 1981. ,

Germany ET403 Prototypes, in  test and demonstration.

Japan 961 Start running test In  mid 1978.

Ita ly Y-0160 In  revenue demonstration service.

Sweden X-15 Start running test in  late 1977.

Switzerland Sig I I I  cars Start public demonstration late 1977;.revenue service 
In mU 1978.

USA SPV-2000 Start running test In late 1977. . ''

FIGURE 12. C A N D ID A TE  
T R A IN  DEVELOPMENT STATUS

The second arena is characterized  
by m edium -density passenger t ra ff ic ,  
no e lec trificatio n , r ig h t-o f-w a y  optim
ized fo r fre ig h t operation and leased 
b y , Am trak fo r  passenger serv ice, and 
a mix o f fre ig h t/p a ss e n g er tra in  tra ff ic  
heavily dominated by fre ig h t.
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FOREIGN RAIL TECHNOLOGY

Foreign passenger rail developments 
o ffe r technology applicable to both 
arenas. Sizeable percentages ■, of 
fore ign  rail systems are e le c trifie d , 
provid ing  a strong technical base fo r  
high-speed (to  185 mph) p an to g rap h / 
catenary dynamics, reliable and jsafe 
system design concepts, and solid- 
state electrical propulsion. i1'

C erta in  countries are im proving rail 
passenger service ( t r ip  tim e, rid e  com
fo r t ,  amenities, and so on ) w hile op
erating  on the existing tra c k  s tru c 
tu re . These e fforts  have resulted in 
such improvements as optim ally de
signed tru c k  suspension systems (fo r  
both ride quality  and tra c k  m ainten
ance reasons), car-body t i l t  systems 
th a t perm it increased speed through  
cu rves , high acceleration and braking  
characteris tics, lig h t-w e ig h t construe- , 
tion techniques, and in te rio r designs  
th a t o ffe r q u ie t, w e ll-v e n tila te d , and 
aesthetically acceptable fea tu res .

Foreign developmental activ ities  
stress the  systems approach to new 
technology development, and contin 
ually  evaluate the dollar invested in 
rolling stock improvements against the  
dollar obtained in revenue as a result' 
of more reliab le, more com fortable, and 
fas te r service. S afety , m ain ta inab ility , 
and re liab ility  are also an im plicit p a rt  
of the engineering methodology.

An evaluation of foreign passenger 
tra in  technology is an excellent base 
from which to launch our owh R&D 
a c tiv ity , and our program has bean 
structured  accordingly. H ow ever, in 
adapting foreign technology to American 
use, special care is being taken to  
avoid try in g  to mate the elephant With 
the  hare . Differences between the  
fore ign  operational arena and our oWn 
are being carefu lly  analyzed and placed 
in proper perspective. These include  
differences in design requirem ents  
(such as b u ff-lo ad , car-b o d y  w id ths , 
allowable axle loads, and tra c k  
conditions), the fac t th a t rail as a 
transportation  mode in fo re ign  nations 
is as dominant as auto or a ir  tra v e l in 
th is  co u n try , and the  fa c t th a t foreign  
rail systems are nationalized.

TEC H N IC A L APPROACH

The T ra in  Evaluation Program is 
divided into th ree  phases. Phase I ,  
now underw ay, is a paper evaluation  
of the performance and. cost factors fo r  
each p articu la r tra in  when operating  
on a given domestic rou te . Th is  eval
uation will be based upon data sup
plied by the  tra in  m anufacturer, and 
inspection o f the  corridors  o f in te res t, 
and information provided by Am trak  
and the  FRA Northeast C orridor O ffice.

For each co rrid o r of in te res t, ser
vice and physical data , as well as 
plans fo r fu tu re  improvements, are  
being gathered on such features as 
r ig h t-o f-w a y , stations, and signal and 
communications systems. Likewise, 
technical data is; being collected and 
evaluated fo r  each tra in  of in te res t. 
Those tra in  characteristics th a t impact 
such major features  as ride q u a lity , 
reduced t r ip  tim e, and cost are re 
ceiving special a tten tion . For example, 
one means fo r reducing tr ip  time is to 
increase the  allowable speed through  
curves. Th is  opens a host of techni
cal and institutional areas to be, addres
sed, including w heel-ra il force in te r 
actions, car o vertu rn in g  forces, gov
ernment regulations, ride q u a lity , and 
railroad operating practices. Of, p ar
ticu lar ■ importance is the th ree -in ch  
unbalance . ru le  now in e ffect in the  
United States. Such technical innova
tions as t i l t  systems and advanced 
tru c k  design, coupled w ith worldwide  
variations in the  c rite ria  fo r allowable 
speeci through cu rves , makes determ in
ation as to w hether re lie f from the  
th ree-in ch  unbalance ru le  is w arranted  
a h ig h -p r io r ity  objective o f th is  pro
gram.

The Phase I analysis will provide a 
measure o f the  benefit th a t could ac
crue if a new tra in  were introduced  
into an Am trak c o rrid o r. Those tra ins  
Showing promise will be carried  into  
Phase II which will fea tu re  an on-s ite  
evaluation of parameters w arranting  
verification  via te s t and observation of 
actual hardw are. Phase II a c tiv ity  will 
entail v is its  to fo re ign  countries having  
tra ins  of in te res t to witness an d /o r  
make measurements on such factors as 
w heel/ra il fo rce , rid e  com fort, in te r io r /
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e x te rio r noise, energy  consumption, 
and m ain tainab ility .

A t the conclusion of th is  a c tiv ity , a 
determ ination w ill be made on whether 
or not to b rin g  a fo re ig n . tra in  to the  
United States fo r  testing  and possible 
demonstration in the  domestic rail en
v iron m ent. Such a demonstration 
would constitute Phase I I I  o f the pro
gram .

Figure 13 depicts the  method th a t 
will be used to provide, a measure of 
the cost req u ired  to introduce a new 
tra in  system into a c o rrid o r. A key 
element in th is  analysis is the addi
tional patronage th a t would be gen
erated as a resu lt of the  new equip
ment reducing t r ip  tim e. T ra in s  th a t 
exh ib it essentially the  same schedule 
speed as today's Am trak service are 
candidates fo r elimination in Phase I . 
A d iese l-e lec tric  locomotive hauling 
Amfleet cars is the  base-case tra in  fo r  
o ff N ortheast C o rrid o r comparisons, 
whereas the  M etro liner is the N orth 
east C o rrid o r base case. ,

FIGURE 13. L IFE -C Y C LE
COST A N A LYSIS  FLOW DIAGRAM

. Besides th e  cost-analysis fo r each 
tra in , o ther c rite ria  (see fig u re  14) 
not amenable to costing, will be ana
lyzed. In th e  area of passenger com
fo r t ,  fo r  exam ple, ride q u a lity  and in 
te r io r  noise levels o f new tra in  equip
ments wiil be compared to the base- 
case tra in s .

STATUS

Work began in March 1977, with  
selection of the  system contractor.

The tra in s  and corridors to be eva lu 
ated were selected a fte r review  of the  
lite ra tu re  and discussions w ith A m trak . 
FRA, A m trak , and contractor personnel 
have visited the appropriate  foreign  
countries and obtained a commitment to 
partic ipate  on a no-cost basis fo r  Phase
I.  The ex ten t; and circumstances of 
Phase ,ll and I I I  a c tiv ity  will be d eve l
oped la te r. The data requ ired  fo r the  
Phase I evaluation have been received  
from a m ajority of the  partic ipating  
countries, and the f ir s t  tra in  evalua
tion is scheduled fo r completion in 
December, 1977. Phase I a c tiv ity  is 
scheduled fo r  completion w ith in  the  
next fo u r months, w ith the en tire  p ro 
gram to be finished approxim ately one 
year la te r.

© PASSENGER APPEAL 

e PASSENGER COMFORT 

© ENERGY CONSUMPTION .

® OPERATIONAL FLEXIBILITY

® o n - t im e  s e r v ic e  Ca p a b il it y  ■

© m a in t a in a b il it y  

,® DEVELOPMENT s t a t u s

e MANUFACTURER'S CAPABILITY 

© AVAILABILITY

© SPECIAL FEATURES

FIGURE 14. PASSENGER 
TR A IN  EVALUATION C R IT E R IA
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IMPROVED PASSENGER SER VICE COMPONENT RESEARCH AND DEVELOPMENT

BY

M . CLIFFO R D  G ANNETT

The Federal Railroad Adm inistration  
O ffice o f Passenger Systems (FR A i/ 
OPS) is responsible fo r the  imp revet
ment of passenger equipm ent. Two 
major areas of in terest are improved 
passenger car suspensions and e le c tr i
cal propulsion systems. These topics  
are discussed in two separate sections 
of th is  paper.

TR U C K  SUSPENSION PROGRAMS

One of the major missions of the  
Federal Railroad A dm inistration, O ffice  
of Passenger Systems FRA (O P S ) is to 
promote an d /o r conduct research and 
development of rail passenger service. 
These programs include development of 
b e tte r designs fo r car bodies and th e ir  
associated electrical and mechanical 
systems. For the past fiv e  years , 
how ever, a major emphasis has been on 
development of b e tter tru c k  subsys
tems, i . e . ,  tru cks  th a t will improve 
the  ride q ua lity  of existing passenger 
cars. Reduction of tru c k  maintenance 
has also been a prime consideration.

To illu s tra te  the role of FRA (O P S ) 
in tru c k  development, this paper de
scribes b rie fly  two of our tru c k  devel
opment program s. The in ten t is to 
describe the  overall program and not 
to repeat detailed technical material 
presented in o ther papers.

The Budd Company T ru ck-D es ig n  
S tudy was th e  f ir s t  phase of th e  tru c k  
improvement program . The objective  
of th e  program was to develop methods 
fo r improving the ride quality  o f M etro- 
lin er ra ilcars . T he . essential p a rt of 
the design study was the development 
of a dynamic modei which simulated the  
combined car b o d y /tru c k  system and 
displayed overall performance in re 
sponse to realistic  track  inputs . The  
model was configured by care fu lly  con
tro lle d , dynam ic, laboratory e xp e ri

ments and used as a tool to evaluate  
recommended modifications to existing  
hardw are and new tru c k  designs.

The f ir s t  phase produced good re 
sults and served as the  basis fo r  sub
sequent hardw are development pro-, 
gram s. Phase II called fo r develop
ment and testing of p rototype trucks  
fo r existing M etro liner cars th a t would 
improve ride q u a lity  over the  Washing
to n , D .C . ,  to New Y o rk , N .Y . ,  route  
at speeds up to 160 mph. Vought D iv 
ision of LTV  Aerospace Corporation  
(L T V )  in association w ith Swiss Indus
tr ia l Company (S IG ) won the  contract. 
The second phase confirmed the  re 
sults o f the  f ir s t  phase studies and 
showed th a t hardw are meeting f ir s t -  
phase design requirem ents produced 
predicted improvements in ride q u a lity . 
The L T V /S IG  tru c k  program  helped to 
evaluate several innovative concepts. 
The prototype tru cks  met the  basic ob
jec tives , bu t proved to be d iffic u lt to 
maintain and too expensive.

T h e re fo re , a th ird  phase was in it i
ated to modify existing  M etro liner 
tru cks  by adding a irsp rin g  secondary  
suspension and damping similar to the  
concept developed on the  L T V /S IG  
phase while meeting the  performance  
characteristics established d u rin g  the  
f i r s t  phase. General Steel Industries  
(G S I)  was awarded a contract to de
velop th is  a lternate  approach by mod
ify in g  the  original GSI tru cks  installed  
on the M etro liner cars . The modified 
tru c k s  were expected to achieve the  
same ride q u a lity  improvement as 
achieved by the L T V /S IG  prototype  
tru c k s , except th a t the  maximum speed 
requirem ent was reduced from 160 to 
130 mph. A running te s t and an ac
celerated p ro o f-o f-p rin c ip le  tes t was 
completed during  the  period M ay-Ju ly  
of th is  y ea r. Prelim inary analysis  
shows th a t the modified tru cks  do, in

H. Clifford Gannett is Chief, Passenger Equipment. Division Office of Passenger Systems. He is a Graduate 
BSME, from the University of Michigan.
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fa c t, improve ride q u a lity  up to speeds 
of 130 mph. A pre lim inary  evaluation  
of th e  changes made to the  tru c k s  in 
dicates th a t th e  modified GSI trucks  
will be less expensive and easier to 
m aintain.

A  concept evaluation program is 
being sponsored by FRA to evaluate  
the perform ance of radial tru cks  fo r  
high-speed passenger serv ice. A p a ir  
of radial tru c k s  is to be designed by  
G en era l: Steel Industries  under subcon
tra c t to A m trak . The radial tru c k  
concept will be evaluated by an exten 
sive FRA tes t and analysis program . 
The radial tru c k s  are scheduled to be 
m anufactured in the n ex t 12 months 
and. the  tests  are scheduled to be com
pleted in the  following 15 months.

PHASE I DESIGN STUDY

; The tru c k -d e s ig n  study performed  
by the Budd Company with James 
H erring  as principal investigator p ro 
v id ed , the  basis fo r the  tru c k  improve
ment program  and is the  element which 
ties the  various projects together.

T h e  essential p a rt of the, s tudy was 
the development of a dynamic model of 
the M etro liner car and its tru c k  sub
systems. Independent linear models of 
the  lateral and vertica l dynamics were 
developed; th e  linear models were 
coupled to represent the combined c a r /  
tru c k  system d riven  by simulated track  
in p u ts . T h e  model simulation was v e r 
ified by comparison with actual shaker 
tests perform ed a t the Budd Company 
Laboratories and Battelle Memorial In 
s titu te . T h e  laboratory  results were 
analyzed and compared to results ob
tained from the  dynamic model to help 
re fine  and confirm  the  model. O ver-  
the -ro ad  tests were perform ed by  
ENSCO, Inc . and the tes t results were 
used to. characterize  tra c k  inputs. 
A fte r  the  model was designed, simula
tion was used to evaluate and develop 
possible methods fo r improving overall 
ride perform ance by modifications to 
existing  tru c k s  or design of new 
tru c k s .

Modifications to existing tru c k s , re 
commended as a resu lt of the  s tu d y , 
were limited to making changes to 
tru c k  secondary suspension and adding

damping to the anchor rods, th e  v e r 
tical prim ary and the  secondary sus
pension. The modifications were re 
stricted  fo r th e  following reasons:
(a )  Controlled modification o f the la te r
al prim ary suspension Is d iffic u lt to  
accomplish because of th e  existing  
journal box construction; ( b )  Increas
ing vertical s tiffness would increase 
w heel-to -ra il dynamic forces; (c )  De
creasing stiffness would increase car 
body ro ll. However, the s tudy ind i
cated th a t s ign ificant improvement 
could be achieved if  the  constraints  
described in ( a ) ,  Snd (c )  above were  
eliminated.

The studies o f new tru c k  designs 
indicated th a t vertica l t ru c k  freq u en cy  
should be made as tow as practical p ro 
vided stabilizing devices are  added to 
prevent excessive car body ro ll. The  
simulation . also indicated th a t lateral 
tru c k  frequency should be as low as 
practical. However, lateral motion of 
the  car body and dynamic s ta b ility  re 
s tr ic t the  reduction of lateral s tiffn ess . 
Figures 1 and 2 , illu s tra te  the  p e rfo r
mance of a standard M etro liner c a r /  
tru c k  system as compared to th e  p re 
dicted improvement in perform ance of a 
low frequency tru c k .

PHASE II -  L T V /S IG  TRUCKS

The second p a rt o f the  M etro liner 
T ru c k  Development Program called fo r  
fabrication and testing  of experim ental 
prototype tru cks  conforming to  the  
specifications established by the Budd 
Company tru c k  design s tu d y . L T V /  
SIG won the contract w ith proposed 
modifications to an experim ental tru c k  
b u ilt by SIG fo r Swiss Federal Railway. 
The L T V /S lG  team (jid an extensive  
design analysis which is well docu
mented in a three-vo lum e rep o rt (FR A  
76250). The L T V /S IG  tru c k  is shown 
in fig u re  3.

The basic characteristics of the  de
sign are:

(a )  Improved ride  q u a lity  (com
fo r t ) .

(b )  E ither General E lectric or 
Westinghouse trac tion  motors 
can be used.

(c )  Maximum operating speed with
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existing M etro liner car is 160 
mph.

(d )  B raking is adequate to stop
a M etro liner car from 130 
mph w ithout dynamic b rak in g .

The basic design features shown in 
fig u re  3 are:

(a )  H -fram e construction con
necting wheelsets and sup
port motors and gear boxes.

(b )  Sum iride a irspring  fo r  secon
d ary  suspension.

(c )  A irsp rin g  bolster is sup
ported by fo u r ro llers lo
cated in the  H -fram e and is 
connected to the H -fram e by  
a center pin with yaw dam
pers.

(d )  Four bellcranks are used to  
connect the wheelsets to the  
fram e and to provide prim ary  
suspension.

FIGURE 1. VER TIC A L  
ACCELERATION DUE TO  

V E R TIC A L INPUT

0.1 1 10
FREQUENCY (HERTZ)

FIGURE 2. LATERAL  
ACCELERATION DUE TO  

LATERAL IN PU T ,

FIGURE 3. L T V /S IG  TRUC K  
PRIMARY AND SECONDARY  

SUSPENSION
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T ra c k  suspension in teracts  with car 
body dynamics and is acted on by  
tra c k  in p u ts . T h e re fo re , th e  selection 
o f an optimum suspension configuration  
is a iseries o f  tradeoffs  to select the  
best combinations of many conflicting  
fac to rs . The  two major c rite ria  fo r  
th e  L T V /S IG  design e ffo rt were safety  
and ride  q u a lity . The  flow c h art in 
f ig u re  4  illu s tra tes  the  L T V /S IG  method 
fo r  selecting the  suspension co n fig u r
ation and analy tica lly  determ ining the  
optimum param eters.

FIGURE 4 . SUSPENSION  
A N A LYSIS  FLOW CHA RT

From the  flow c h a rt, it  is evident 
th a t the  analysis requ ired  extensive  
details o f tru c k  and car body charac
te r is tic s , and tra c k  inputs . Analytical 
models were developed to determ ine car 
body o vertu rn in g  and wheel equaliza
tion fo rces , to describe lateral tru c k  
dynam ics, , and the  interaction between 
wheel and ra il. The analysis d e te r
mined hunting  s tab ility  and the  o p ti
mum p ro file  fo r  M etro liner tru c k s .

Frequency response analysis , similar to  
th a t perform ed in the Budd Company 
design study was perform ed to  eva lu 
ate variations in th e  suspension p a ra 
meters and to evaluate the  dynamic 
performance of th e  vehic le. Wayside 
clearance Studies were perform ed to  
confirm adherence to clearance re q u ire 
ment.

A fte r  fabrication  and fa tig u e  te s t
ing , the  prototype tru c k s  were tested  
on a M etro liner snackbar coach (C a r  
No. 850 ). Extensive shop, running  
and fa tigue tests were perform ed. The  
trucks met all n o n -run n ing  te s t speci
fications. A fte r  th e y  were tuned fo r  
optimum perform ance, the  L T V /S IG  
trucks showed a modest improvement in 
ride q u a lity  as compared to standard  
M etroliner tru c k s .

PHASE I I I  -  GSI M O DIFIED TRUCKS

The basic objective of th is  phase 
Was to upgrade ride q u a lity  (com fort) 
of M etroliner service on existing  N o rth 
east C orridor tra c k  by improving e x is t
ing tru c k s . This approach was eva lu 
ated because of the  high cost o f re 
placing existing tru c k s . T h e  program  
was planned to use major elements of 
existing tru c k s  and to improve the  
vertical and lateral ride o f a M etro liner 
car as well as to make noticeable re 
ductions in noise level. A modified 
tru c k  is illustra ted  in fig u re  5.

FIGURE 5. GSI M O DIFIED  
M ETROLINER TR U C K

Major changes in tru c k  suspension
are:

(a )  The elastomers w ith  imbed- 
ded-steel-co il typ e  prim ary  
Springs are replaced with  
steel coil sprin gs.

(b )  Provisions are made fo r
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adding fric tio n  snubbers or 
hydraulic  dampers to  tru c k  
prim ary suspension.

(c )  secondary springs are  re 
placed by a ir springs with  
b u ilt-in  orifices fo r damping.

(d )  The standard bolster is re 
placed with a special bolster 
having an in ternal chamber 
to serve as an a ir  reservo ir 
fo r th e . secondary a ir  sus
pension.

(e )  The secondary vertica l , and
lateral dampers are modified

. to make damping adjustable  
so as to achieve optimum 
ride comfort.

The GSI M etroliner phase was accel
erated to demonstrate proof of p rin c i
ple by an early  te s t. The  fu ll im
provement phase, including additional 
fa tigue  and running tes ts , was sched
uled to follow the accelerated tes t and 
to be subject to the  results, of the ac
celerated tes t phase. Shop and ru n 
ning tests similar to those run on the  
L T V /S IG  trucks  were run on the  GSI 
prototype tru c k s . Tests were p e r
formed on two d iffe re n t a irsp rin g s . 
T h e  prim ary design used the  Sumiride 
airsprings similar to th e .  L T V /S IG  
tru c k , while the o ther design used 
Firestone a irsprings . The Sumiride a ir  
spring has a large diameter and re 
quires th a t the car bolster be modified 
to accommodate it .  The Firestone a ir 
springs are much smaller and can be 
fitte d  to the existing  carbody bolster 
w ithout modification, th ereb y  reducing  
the  cost of the  overall modification. 
T h e , prelim inary tes t results indicated  
th a t the modified GSI tru cks  could pro
duce modest improvement in ride  qual
ity  when the Sumiride spring is used. 
However, ride q u a lity  using the, smaller 
Firestone spring was v ir tu a lly  the  same 
as the performance of a well-m aintained  
existing tru c k . The Sum iride and 
Firestone modified tru cks  appear to 
promise less required  maintenance than  
existing tru c k s . T h e re fo re , the mod
ified design appears to provide a net 
improvement in ride q ua lity  by main
ta in ing the good ride fo r longer p e r
iods of operation.

PROGRAM STATUS

The M etro liner T ru c k  Improvement 
Program is only one of the tru c k  de
velopment programs sponsored and 
managed b y  FRA (O P S ). Testing  on 
th e  accelerated GSI M etro liner phase 
has ju s t been completed and the  re 
sults of same are not y e t available. 
Both the  L T V /S IG  and GSI phases 
confirm the  Budd Company study and 
indicate th a t r id e  qua lity  can be im
proved . Q uality  improvement of v e r t i
cal ride was g reater than th a t obtained  
fo r  lateral rid e . The program indicates  
th a t th e  simpler GSI modified tru c k  
approach is capable of producing im
proved ride qua lity  a t speeds up to 
130 mph and th a t the modified tru c k s  
will be easier and less costly to main
ta in  than a more complex L T V /S IG , de
sign.

Both the  L T V /S IG  and GSI tests  
tend to indicate th a t tra c k  q u a lity  is 
th e  dominant factor in controlling ride  
q u a lity . Equipment maintenance also 
plays an im portant ro le. When the  
existing  M etro liner is in good condition, 
it  rides reasonably well except fo r  
lurch ing produced by deviations in 
tra c k  alignm ent. While lurch ing  i r r i 
tates passengers and spills d r in k s , 
passenger fa tigue is caused prim arily  
by steady, low -frequency, dynamic ex 
posure. None of the proposed changes 
elim inate lu rch ing , bu t both th e  L T V /  
SIG and the  GSI tru cks , w ith Sum iride  
a ir  springs demonstrated improvement 
in. the  damping of the steady motion 
which contributes to passenger fa tig u e . 
A comparison of dynamic performance  
of the  modified GSI tru c k  versus the  
standard M etroliner tru c k  is shown in 
fig u re  6.

The  carbody requires extensive mod
ification before i t  will accept th e  modi
fied  GSI tru c k s . Prelim inary results  
are in the  process of being analyzed. 
Analysis to date indicates th a t both  
th e  L T V /S IG  trucks  and the  GST modi
fied  tru c k s  with Sumiride a ir  springs  
produce equivalent improvement in ride  
q u a lity  (c o m fo rt). T h ere fo re , overall 
cost must be evaluated before a final 
approach is d efin itized .
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FIGURE 6. POWER SPECTRAL
D EN SITY  VERSUS FREQUENCY - -
STANDARD METROLINER TRUCK  

AND GSI M O DIFIED TRUCK

RAD IA L TRUCK PROGRAM

In addition to th e  tru c k  im prove
ment programs described in preceding  
sections, FRA has joined with Am trak  
and p riva te  in d u s try  to pursue p ro 
mising advanced systems. Present 
programs include evaluation of equip
ment designed and b u ilt outside the  
United S tates, developmental testing  o f  
radial tru c k  concepts and development 
of new electrical propulsion systems. 
T h e  propulsion system projects are also 
described in th is  paper.

T h e  radial tru c k  program  is a con
cept evaluation program . These con
cepts are c u rre n tly  being used by 
Canadian National Railroad and South 
A frican  Railroad in fre ig h t applications. 
Research has indicated th a t th e  good 
characteristics of the radial tru c k  can 
be advantageously applied to h igh
speed passenger serv ice . Under co
operative  agreements w ith A m trak , the  
radial tru c k  concept is being evaluated; 
FRA (O PS) is responsible fo r planning  
and Conducting a tes t program  to eval
uate the  concept and its potential ap
plication to high-speed passenger ser
vice.

The radial tru c k  concept has been 
around fo r a hundred years . A stan
dard wheelset can negotiate a curved  
section of tra c k  w ithout sliding only

when the  axle can assume a radial 
alignment w ith the tru c k  as illustra ted  
in fig u re  7. The  distance traveled  by  
each wheel must correspond to the  
length of the  curved segment of ra il; 
th is  requires th a t the wheels have a 
large cpnical ta p e r (f ig u re  7 ) .  To  
maintain ^high-speed s tab ility  with
wheels having the large ta p e r, the axle  
sets of the  tru c k  must be in tercon
nected as illu s tra ted  in fig u re  7. M r. 
Scheffel of the  South A frican  Railroad  
has dem onstrated high-speed p e rfo r
mance using a wheelset having g reater  
than ,5 to 1 e ffective  ta p e r. The  
claimed advantages of the radial tru c k  
are as follows:

(a )  Less wear on wheel tread
and flanges.

(b )  Increased high-speed running  
s ta b ility .

(c )  B e tte r ride q u a lity .
(d )  Less rail w ear.
(e )  Less component w ear.
(f.) Lower noise level.
(g )  Reduced traction  power.
(h )  Fewer derailm ents.

Established tru c k  designers do not 
agree on th e  feas ib ility  of the  claimed 
advantages. T h e  radial tru c k  program  
Will evaluate these claims and help to 
determine w hether the  concept c u rre n t
ly being used in fre ig h t service can be 
applied to high-speed passenger ser
vice.

FIGURE 7. RADIAL
T r u c k  c o n c e p t
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ELECTRICAL PROPULSION R&D 

BACKGROUND AND INFO RM A TIO N

S tarting  with the  developm ent of 
pow erfu l, s ilent and p o llu tio n -free  p ro 
pulsion systems fo r  levitated vehicles, 
th e  FRA has vigorously sponsored R&D 
related to electrical propulsion systems. 
T h e  most successful dem onstration of a 
high-pow er linear induction . motor 
(L iM ) was made at the  T ranspo rtatio n  
T e s t C enter using the  Linear Induction  
Motor Research .Vehicle (L IM R V ) shown 
in fig u re  8. The  LIM RV tests  p ro 
duced some notable results: a tro u b le 
some ; end effect in linear induction  
motors was evaluated and found to le r
able; the  use of a v aria b le -vo lta g e , 
variab le -freq u en cy  power supply fo r  
an AC motor was successfully demon
s tra ted ; and a world speed record Was 
set fo r steel wheel on rail vehicle  
(411 K m /h r). Additional accomplishments 
related to linear induction motors in 
cluded the advanced-design T racked  
Levitated Research Vehicle ( T L R V ) . LlM 
and its  associated electronic power con
d itioning u n it ( in v e r te r ) .  T h is  work  
resulted in advances in th e  s ta te -o f-  
th e -a r t  o f  h ig h -p o w er-d en s ity , liq u id - 
cooled electrical machines and in v e r
te rs .

FIGURE 8. LINEAR  
IN D U C TIO N  MOTOR RESEARCH  

VEHICLE (L IM R V )

. The  in itial governm ent e ffo r t  on lin 
ear motors goes back to 1965, th e  year 
in which The High Speed Ground  
Transportation  A ct was passed. In

1975, th e  emphasis on advanced sys
tems c h a n g e d .; Th is  resulted in a 
phasing Out o f th e  T LR V  program and 
a red irection  of th e  LIM RV program to  
200 k m /h r wheel On rail applications. 
The Original doublesided LIM used on 
th e  LIM RV straddled a vertica l reaction  
ra il. T h is  configuration is not suitable  
fo r  ra il applications, and thus w ork  
was sh ifted  to single-sided LIMs 
(S L IM ) u tiliz in g  a horizontal reaction  
rail having its  top surface flush  w ith  
the top Of th e  run n in g  ra ils . A nother 
new direction was th e  consideration of 
single-sided linear synchronous motors. 
Based on an in itia l suggestion made by  
Matthew Guarino in 1967, a feas ib ility  
study Of th e  concept was carried  out 
at Polytechnic In s titu te  o f New Y o rk  
(P IN Y ) .  T h is  s tudy showed several 
types o f synchronous motors to be 
major competitors to Induction m otors. 
Although T h e y  req u ire  a somewhat more 
complex reaction rail than induction  
motors, synchronous^ motors o f equal 
o utpu t appear capable o f operation  
w ith power converters  having only half 
the  vo lt-am pere ra tin g . V

The  FRA linear motor w ork has 
thus evOlyed in orientation from ap p li
cation to ; advanced systems to rail -  
roadirig , apd th e re  has been an in itia 
tio n  of studies having immediate bene
f i ts - to  ra ilroads . Some potentia lly  im
p ortan t spinoffs o f  linear motor R&D 
have a lready been identified;. These  
include h igh-perform ance, contactless, 
electromagnetic brakes and the  use of 
linear'm otors  to propel and brake cars  
In a classification y a rd .

Rotary ; motors ra th e r than linear 
motors are  like ly  to propel 200 km /h r  
tra in s  o f th e  fu tu re . From a th eo re 
tical point o f v iew , ro ta ry  motors are  a 
subclass o f linear motors, and re 
searchers steeped in knowledge of lin 
ear motor systems are in a good posi
tion to make major advances in ro ta ry  
motor d r iv e  systems. Rotary d rive  
systems o f th e  fu tu re  will use lig h t
w eight and compact induction o r syn 
chronous motors Of rugged and simple 
construction . These must be powered 
by so lid -state  in v e rte rs , p re fe rab ly  of 
the  variab le  voltage variab le -freq u en cy  
ty p e .

T h e  FRA O ffice of R&D deals not
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only with advanced electrical propul
sion systems, b u t also w ith problems 
related to railroad trac tion  th a t are  
national in scope. T h is  includes mat
te rs  relating to public  sa fe ty , health , 
and well be ing , such as the  use of 
.hazardous substances in electrical 
equipm ent, energy conservation, and 
electromagnetic in terferen ce  resulting  
possibly from modern e lectric  locomo
tives; A nother aspect of the  FRA's 
R&D efforts  to  increase railroad e ff i
ciency is to recommend equipment o f
fe rin g  improved service w ith a mini
mization o f f ir s t  and maintenance costs. 
The FRA has ah agreem ent o f under
standing with A m trak to help them 
secure the  best possible equipment by  
provid ing technical advice , product in 
form ation, and help w ith specifications.

REVIEW OF PRESENT PROGRAMS

T h ere  are two major industry-based  
linear motor program s. The  LIMRV  
work is being done by AiResearch Man
u facturing  Company, while exp loratory  
development of linear synchronous and 
induction motors is being performed by  
the General E lectric (Company at th e ir  
Corporate Research and Development 
fa c ility  in Schenectady, New Y o rk . 
Engineering support to FRA on both 
these programs Is being provided by  
Transportation  Systems C enter (T S C ) 
and M ITR E /M E TR E K . Selected support 
is being furn ished  b y  P IN Y and the  
Jet Propulsion Laboratory  (J P L ).

AiResearch recently  completed tests  
with a modified version of th e : double- 
sided LIM using the  vehicle and the  
vertica l reaction rail shown in fig u re
8. Data was obtained fo r  LIM opera
tion with a vary in g  number of poles 
(o u t of 10) exc ited . T h is  was to gain 
a b e tte r understanding of end -effect 
phenomena in the  motors. The vehicle 
and half the  present motor are now be
ing modified to perm it testing a SLIM  
of the type  depicted in fig u re  9. The  
reaction rail consists o f .16" (4.1 mm) 
of 6061 aluminum laid on top o f .88" 
(22 mm) of solid back iron,. T h ru s t  
data similar to those obtained with the  
double-sided LIM are expected , except 
fo r effects produced by eddy currents  
and saturation in the  back. iron .

A nother im portant consideration, and 
perhaps the  most im portant, is th a t  
the SLIM  s tru c tu re  produces a sub
stantial normal force on the reaction  
ra il. T h is  force can be a ttrac tive  o r  
rep u ls ive , depending on vehicle speed 
and the  excitation frequency of th e  
motor w indings. Also, saturation e f
fects in the  back iron may have a more 
pronounced e ffect on normal force than  
on th ru s t. The  data produced by th e  
testing will be the  f ir s t  w ith such a 
large machine and will reveal inform a
tion which is extrem ely d iffic u lt to Ob
tain by analytical means. T h e  p e rfo r-  

« mance of double-sided LIMs can be 
predicted reasonably well using a num
ber o f published theories, b u t the  same 
cannot be said fo r  prediction of normal 
and lateral forces in a SLIM . T h e  
normal fo rc e , especially, may s ig n ifi
cantly  influence vehicle dynam ics.

Experimental work on SLIMs is also 
being done at General E lectric using  
the rotating wheel shown in fig u re  10. 
The wheel has a diameter of 54" (1 .4  
m) and is capable of tangential speeds 
to 400 k m /h r. The  wheel fa c ility  is 
well instrum ented and a microprocessor 
is used to perm it rapid and accurate  
acquisition o f data. The 112 kW o u t
pu t SLIM being tested a t GE has only  
4 poles compared to the 10 in the  meg
aw att-ra ted  L IM R V /S L IM . The  GE 
SLIM has a severe end e ffe c t, b u t 
nevertheless v e ry  useful fo r  gaining  
an understanding of how S^ I Ms fu n c 
tion . A solid iron wheel w ith an 
eighth inch (3 .2  mm) band of aluminum  
forms th e  reaction rail . The tests w ith  
th is configuration are almost complete 
and testing w ithout the aluminum band  
will begin soon. These tests Will y ie ld  
information th a t bears d irec tly  upon 
the  operation of a SLIM over conven
tional running ra il. A possible o iit -  
come of these tests is the  eventual 
realization of improved non-contacting  
linear brakes fo r use of passenger 
tra in s .

The SLIM testing  a t GE complements 
both the L IM R V /S L IM  testing and the  
exploratory  development o f th e  linear 
homopolar inductor synchronous m otor. 
The type  of motor soon to be tested  
by GE is depicted in fig u re  11. The  
AC windings a t both sides of the motor
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each resemble the windings in a SLIM .

FIGURE 9. S IN G LE-SID ED  
LINEAR INDUC TIO N MOTOR  
(S L IM ) MOUNTED IN LIMRV

FIGURE 10. R O TATING  TE S T  
WHEEL A T  GENERAL ELECTRIC  

COMPANY

Loosely speaking, the apparatus con
sists o f two S L IM -like  AC winding sets 
and a DC excited field  w inding. The  
fie ld  winding acting in unison w ith the  
iron tra c k  bars produces an u n d irec -  
tional (homopolar) undulating magnetic  
fie ld . In terms of an observer fixed  
to the tra c k , the DC fie ld  winding  
produces what appears to be a set o f 
alternating  north and south poles plus 
a bias f ie ld . The excitation of AC

windings is such as to produce a 
trave lin g  magnetic wave th a t is syn
chronized to th e  forw ard  motion of the  
vehicle (s ta to r ) . An observer on the  
tra c k  sees the magnetic fie ld  produced 
by th e  AC windings as s ta tionary . 
This  is th e  resu lt of having a b ack -, 
ward running (w ith  respect to the
s ta to r) magnetic wave pulled forw ard  
mechanically such as to create a zero  
wave velocity  w ith respect to the
tra c k . The  net resu lt of the AC and 
DC produced magnetic fie lds is th a t 
each produces a set of a lternating  
north and south poles. The in te r 
action of these sets of poles results in 
a th ru s t. O ther results of th is  in te r 
action are a strong a ttrac tive  force  
and the  possib ility  of obtaining a s ig 
n ificant lateral guidance force.

FIGURE 11. HOMOPOLAR 
INDUCTOR LINEAR  

SYNCHRONOUS MOTOR

The inductor motor is an important, 
technology compared with SLIMs be
cause it  permits operation with larger 
a ir gaps and s ig n ifican tly  b e tte r power 
fa c to r. Factors going against the  syn
chronous motor are  th a t it  is a b it  
more d iffic u lt to control than a SLIM  
and th a t the reaction rail is s lightly  
more complex. Its advantages are p r i
m arily the resu lt o f its being able to 
produce leading volt-am peres (a  SLIM  
cannot do th is ) .  A typ ical product of 
effic iency and power factor fo r a well 
designed S U M  is in the o rd er o f .4  - 
.5 , whereas .8  -  .9  is applicable to 
the  inductor motor. Th is  translates
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into the inductor motor requiring an inverter only half the size of that for a SLIM. Also, it is expected that control of normal force in an inductor motor is easier to accomplish than with a SLIM.The advantages of inductor motors, and perhaps some unforeseen problems, will soon reveal themselves when a 112 kW power output model is tested on the rotating wheel. Test results will be compared both to predictions and to results obtained with a SLIM having an equal power rating. Also, such comparisons will be made on the basis of calculations for full-scale motors. Such an extrapolation from model tests to predictions of full-scale motor performance is not done routinely. General' Electric will perform such an extrapolation for two systems to be specified by the FRA. Both PINY and MITRE/METREK will then assist the FRA in judging the GE assessment. After this, a decision will be reached by FRA as to the advanced developed potential of the motors.Linear motor systems were initially considered exclusively because of a mandate to explore high-speed advanced systems. The emphasis has now changed to propulsion systems for trains traveling less than 250 km/hr. To make an orderly transition from advanced systems research, some programs were dropped and others redirected. Linear motor programs were redirected because of a conviction that this is an important new technology having significant benefits to railroading. Identifying and studying these benefits is now underway. Soon a report will be available that characterizes linear motors in such practical terms as typical force, weight, and power densities. These performance estimates will be based upon experimental results and refined calculations made and verified by numerous researchers. Potential applications of linear motors in railroading will then be studied in some detail. Finally, a site-specific study of one of the more promising applications will be made.In addition to the linear motor work there is substantial FRA activity related to rotary motor drive systems,

electrification equipment and problems, and the providing of test facilities for use by the railroads and industry at TTC. Substantial effort is being devoted at JPL to gathering on a worldwide basis, information related to modern electric traction equipment. This information will form a basis for judging the state-of-the-art and help FRA in deciding upon future courses of action related to new types of electrical traction equipment for use in the United States. Besides JPL, TSC is actively assisting FRA in such areas as electric drive systems, inverters, and linear motor brake systems.
PLANS FOR ELECTRIC PROPULSION R&D
The FRA involvement in electric propulsion R&D relates to those aspects of this subject where private initiative is either lacking, insufficient, or inappropriate. The linear motor programs are examples of risky technical ventures that could result in major advances in electric propulsion technology. Linear induction motors have already been identified as having potential for braking of high-speed passenger trains and as a booster-retarder in classification yards. As a result of FRA sponsorship of linear motor work, sufficient knowledge will exist to permit application of the technology without undue technical risk. Also, the linear, motor programs have led to substantial technical innovations applicable to both linear and rotary motor propulsion systems. These include advanced methods for cooling motors and inverters, techniques for building high-power and high-voltage motors and inverters, and advancement of the state-of-the-art of inductor synchronous motors. The inductor motor in its rotary embodiment, for example, . has been identified as a superior device for driving and being driven by the flywheel in an energy storage system.The braking of high-speed trains using linear-motor type devices has been explored in some detail in France, Germany, and Japan. None of these systems are operational, and furthermore, powering of these systems on
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locomotive-propelled trains presents serious difficulties. As a result of FRA involvement, a new and low-cost technique has been found for powering the linear motor devices. Also, the wheel tests being conducted at General Electric are expected to help identify design problems related to the electromagnetic structures. Another aspect of FRA involvement in linear brakes has been to sponsor an applidations- oriented study of linear brakes which was performed by A. T. Kearney, Inc.The FRA has a strong interest in the operation of and improvement of thyristor-controlled all-electric locomotives using DC traction motors. Such matters as power factor and interference with signaling systems are of concern. Because of limitations on catenary design and operating voltage, getting sufficient power to a large train on the Northeast Corridor can present difficulties unless power conditioning equipment of advanced design is used. Another area of interest relating to electrification is the power distribution system, including the catenary-pantograph system.The technology of the future for the propulsion of 250 km/hr passenger as well as freight trains is expected to be solid-state power converters coupled to AC motors of either the induction or synchronous type. Rotary motors for such applications are fairly well developed with the exception that the power density must be improved even further to reduce unsprung mass. The power converter is the really new ingredient in AC drive systems. These converters have become a realization because of major advances in high-power semiconductor device technology.AC drive systems have been known for some time to be very desirable. However, no such systems are operational in the U.S. There are many reasons for this, such as cost, size, reliability, etc. The railroad environment and operational needs require that AC propulsion systems have affordable first costs and low operational costs because of superior performance, reliability, and serviceability. Development of these systems will be encouraged and facilities will be made avail

able at TTC for testing the systems to verify that they can truly serve the railroads. One such facility will be the fully electrified 14-mile Railroad Test Track, which is scheduled for completion by 1979.
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QUESTIONS SESSION II 
Session Chairman — M. B. Mitchell

Attendee: Frank Dean, Battelle Columbus Laboratories.Attendee's Question: Cliff, you mentioned four bases for ride quality comparison that you used in the follow-on Metroliner evaluation program. I saw RMS acceleration, ISO, WZ factor, what was the fourth and of the four, which do you like best? Which do you think is the most meaningful?
C. Gannett: We measured exceedancesto performance level. In other words, we were looking at the RMS and the exceedance level as peak acceleration performance and the ISO and the WZ to give us a more continuous averaging effect for ride quality. I really prefer the RMS which I think reflects what the passenger feels, but during his entire trip the averaging of the ISO and some of the others is worth doing, but I don't think it's as effective as RMS.
Attendee: R. W. Pinnes, Departmentof Transportation.Attendee's Question: Based on thework you've done so far in electrification, what sort of a scenario would you project for the future of electrification in the United States?
R. Novotny: I have reacted like apendulum over the past year and a half on how I feel about railroad electrification. I've swung from an extreme ..that says it's the best thing so far as a nation is concerned, to the other side that says it's really good for the railroad, and it's for their benefit. And, I'm straddling that fence right now, Bob. I think that it looks like the front-end money is so large and the risks are so involved that a railroad, even a railroad in good financial condition and the ones that have seriously studied it are in good financial condition, wouldn't undertake the investment. At the same time, the Government hasn't had its real crack at their position with regard to electrification.

We're down at the level here in FRA where we're publishing findings and then it's going to work its way up through the Department into OMB and to Congress. And, we're working with the Energy Department too; there are energy implications, but we need a national viewpoint before you can get a balanced answer for that question.
M. Mitchell: If I may Mr. Pinnes, Iwould like to add my comment to those of Mr. Novotny's. As we conducted the study we found that 20 years represented a reasonable period of time for estimating the return on investment. Unfortunately, we have not found the crystal ball, ouija board or what have you, which enables us to look that far into the future. One cannot commit himself halfway on electrification. It is a major decision and we do not have sufficient, answers at this time to make a final determination.
Attendee: B. Jeffcoat, AnalyticSciences Corp.Attendee's Question: This is eitherfor Mr. Novotny or Mr. Gannett. You mentioned the radial truck program. I wonder if you'd started looking at any of the other unconventional or radical truck designs?
C. Gannett: I'm not sure that I knowof any other. We certainly are open to looking at all type trucks. Radials are the ones we know have been applied to freight cars but have never been tested in passenger car use.
B. Jeffcoat: Well, I know there's some,odd designs abroad. There are scissors action trucks.
C. Gannett: Yes, there are trucksthat are similar to SIG that are rigid design but most of them provide variations of the SIG features. I thought you were asking about something more advanced.
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B. Jeffcoat: Well, I'll proceed on tothe other question, which is how about active truck designs and some of the more unusual passive designs with the self-steering mechanisms and the like.
C. Gannett: We do have a unfversityresearch contract looking at computer modeling to try to determine what is the ultimate capability of a passive truck, and how we might improve ride with an active truck. There has been very little work done with active trucks. LTV has a small unit that they've experimented with and as far as I know that's it, other than sort of semiactive things where you're regulating dampers and that sort of thing, there hasn't been a great deal of work done with active systems.
M. Mitchell: I think it will help forpeople to understand our interest in radial axle trucks. We are all aware of the four advantages of low wheel wear, . low rail wear, less noise on curves and improved high speed stability. Since we are looking toward an increase in the speed of rail passenger equipment, we are mainly interested in the high speed stability on tangent track. We are presently in the conceptual phase of our program. If we are successful through this phase, we will broaden the scope of the program to include other applicable design concepts.
Attendee: N. Cooperrider, ArizonaState University.Attendee's Question: In your passenger equipment evaluation of European equipment, you mentioned you're including or taking a look at some of the economic factors concerned with the operation of this equipment. Do you, in that evaluation, include some of the costs of maintaining the roadbed which might differ with different kinds of equipment or are you considering the roadbed to be a fixed matter in that evaluation.
R. Novotny: The answer to that question is we do not include the maintenance cost of roadbed damage as a result of operating different equipment

over it. I don't think we know enough about the wheel rail interaction to predict how it's going to effect damage to the roadbed and then the maintainability costs that would be associated with that. It's an area that we're operating in the fringes on. We know that the Europeans restrict their axle loads for the express purpose of reducing roadbed damage. But we're not accounting for that facet in the cost analysis that we're doing.
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HIGHLIGHTS RAIL SAFETY RESEARCH
: V  ’  ‘  ■ ’>V T  fiy

, Leavitt Peterson

• , ’i- , . -
EXECUTIVE SUMMARY

The FRA's Office sof Rail Safety Research, together with similar industry 
organizations, exists because of perceived safety improvement needs. These 
needs, documented by  safety statistics, .as well as extensive interactions with 
railroad/union safety interest groups drive the research and development 
efforts. The office is organized to provide technical outputs in three major 
areas which encompasses the known.R&D needs. The three divisions are Rail 
Vehicle Safety, Improved Track Structures and Inspection and Test Support. 
Rail Vehicle Safety is charged with conducting research for safety improve
ments associated with Rolling Stock, Human Factors and Accident Avoidance. 
The Track division has R&D responsibility for reducing the number of track 
caused accidents and improving track performance. The third division. 
Inspection, places research emphasis on track and vehicle inspection systems, 
safety life cycle methodology and the development of . automated track: in
spection vehicles both as a research tool and for use by the Office of Safety. 
This report presents a panorama of. research programs and projects as con
ducted by  the Office Rail Safety Research within the framework of openness 
and cooperation with the railroad community.
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ADVANCES IN RAIL FLAW DETECTION 

BY

H. L. Ceccon

Executive Summary

In 1974 the Federal Railroad Administration (FR A ) initiated a project to 
improve the rail flaw detection technology. The objective of the project is to 
improve the speed and sensitivity of current systems with long range goals of 
25 mph operation for hy-rail systems and 40 to 50 mph for rail-bound sytems. 
The effort has concentrated on making improvements in three general areas;
1) ultrasonic sensor performance, 2) automatic controls and, 3) data pro
cessing. The sensor improvement Centered around improving detectability 
primarily by adding transducers to conventional configurations. The devel
opment of automatic controls was directed toward automating functions which 
operators must perform on conventional systems. As a result, devices were 
developed to automatically maintain sensor position over the rail head and 
circuitry designed, to maintain proper amplifier gain and signal gate positions.

Work to develop data processing equipment for specific modes of opera
tion is underway. For hy-rail operation, a system is being developed which 
displays pertinent inspection data in a B-scan format on a T .V .  monitor for 
operator interpretation. The development work on data processing systems 
for high speed rail-bound vehicles is directed toward a system which requires 
minimum operator interaction and provides real-time flaw classification.

Two systems are currently operational in the field which incorporate 
some of the devices described above. These systems are: 1) a hy-rail system 
with 15 mph inspection speed and 2) a railbound system with a maximum 
inspection speed of 25 mph.



SIGNIFICANT DEVELOPMENTS IN FRA TEST 
CARS, AS EXEMPLIFIED BY T-6

BY

Ta-Lun Yang

1 ■

Executive Summary

The FRA has assembled seven railroad test cars since 1966; they are 
identified as T1 through T7. The T1/T3 consist served since 1973 as a track 
inspection car as well as providing a test bed for instrumentation 
development. Two more track inspection consists have been introduced 
during FY 1977 to augment the track measurement capability- The T2/T4 
consist was equipped with track geometry measurement instrumentation in 
November of 1976; the system installed is similar to the current configuration 
of T1/T3. The latest track inspection Car T6 was recently completed. The T6 
instrumentation incorporates the latest developments in track geometry measure
ment as well as the latest technology in ultrasonic rail flaw detection. The 
on-board data processing capability was also expanded to allow the generation 
of exception reports for both geometry and rail flaw in real time.

The T6 track geometry measurements include gage, crosslevel, profile, 
alignment and curvature. Speed, distance and track location are also mea
sured for correlation between data and track locations. The method of mea
surement for each of the parameters is summarized below.

Two truck-mounted, servo-controlled magnetic sensors are 
used.

The gravity vertical reference is maintained by a continuously 
compensated accelerometer system.

An inertial profilometer system is used for high speeds and a 
multichord system measures at low speeds.

The combination of an inertial reference system and the mag
netic gage sensors is used.

An inertial yaw rate gyro is mounted oh the carbody.

Gage:

Crosslevel: 

Profile: 

Alignment: 

Curvature:

Speed-and-distance: The output from an axle-driven tachometer is used to
calculate speed and integrated for distance.

The above measurements provide the capability to inspect all of the 
parameters identified in the track geometry secton of the FRA Track Safety 
Standards. The track geometry measurement system is all-weather; it can 
perform track inspection at track speeds up to 110 mph under locomotive 
power.

Track geometry sensor signals are processed by an on-board computer to 
formats consistent with the FRA Track Safety Standards. These parameters 
are then compared against the thresholds given in the standards according to 
the specified track class. Exceptions are listed by track location in a report 
while the test is underway; the report is available at the conclusion of the 
inspection survey.
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Rail flaw inspection equipment in T6 can be operated separately or 
simultaneously with the track geometry instrumentation at test speeds to 25 
mph.

Multi-ultrasonic sensors are used on each rail. Ultrasonic pulses are 
directed into the rails. The occurrence of the loss of specific pulse echoes 
indicate structural anomalies. Sensor signals are first analyzed by analog 
time-and-gate logic circuits. This results in binary-type diagnostics as to 
whether or not a flaw might be present. Programs implemented in micro
computers then analyze these successive binary diagnostics from each rail to 
detect and classify flaws. Information on detected flaws is sent to the
on-board computer which in turn records the information and lists the flaws 
by track location in the on-line exception report.

The track geometry and fail flaw instrumentation installed on T6 and the 
real-time analysis capability provide an excellent example of the significant 
developments in track inspection technology accomplished under
FRA-sponsored research efforts during the last few years.
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EXPERIENCE AND APPLICATION OF A HIGH-RAIL VEHICLE 
FOR TRACK MEASUREMENT BY A STATE DOT

B Y

M. Sherfy

Executive Summary

The Iowa Track Inspection Program is based on the use of a high-rail 
track inspection vehicle.. A  description of the Iowa Track Geometry Car and 
a discussion of its capabilities is presented. Iowa is the only state operating 
this kind of equipment and has gained considerable experience regarding data 
formats, crew requirements, and scheduling requirements. This experience in 
the form of operational objectives and policies is contained within the paper.

Automated track geometry measurement vehicles represent a means for 
rapid data collection which is unsurpassed in its objectivity. This objectivity 
allows Iowa to make railroad planning and maintenance decisions based on 
actual data instead of subjective judgments or assumptions. Presented within 
this paper are two objective applications of track geometry data as developed 
by the Iowa Department of Transportation.

A Track Inspection Priority Rating System was developed to focus the 
inspection effort to those tracks most likely to incur track problems, The 
thrust behind this systiem is to guide the scheduling of visual inspections. A 
statewide Track Geometry Rating system which provides a numerical rating of 
track conditions has also been developed. These ratings assist in the pro
gramming of State and Federal rehabilitation funds so that the maximum 
benefit may be realized from project investments.

Under a research contract sponsored by the Federal Railroad Administra
tion the Iowa Department of Transportation will be expanding the application 
and interpretation of track geometry data. Questions regarding vehicle 
weight, seasonal variations in roadbed conditions and optimum inspection 
speeds are currently being resolved. Research of this nature will assist in 
the development of appropriate techniques, models and simulations for the 
analysis of railroads.
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FEASIBILITY OF ROLLING STOCK PERFORMANCE DETECTION
VIA

AN INTEGRATED MODULAR WAYSIDE APPROACH

BY

J. D . Ferguson

Executive Summary

The Federal Government has initiated R&D projects to help find solutions 
which will aid in reducing the occurrence of rail-vehicle caused accidents. 
FRA efforts to support research and development on automated trackside 
performance detection equipment and teachniques ■ are underway to increase 
fault detection efficiency and reliability, and to utilize a larger data sample 
for decision making. The results of these efforts will be made available to 
industry to aid them in their performance detection activities.

One part of FRA's efforts is to sponsor research and development 
studies on rolling stock performance detection via an integrated modular 
wayside approach. This approach involves integrating various types of 
detection devices and equipments to sense, analyze, and display degraded 
performance of rail vehicle and rail vehicle components. Essential to this 
approach is the establishment of a research capability. Such capability will 
be established at TTC and will provide FRA with a tool for studying various 
approaches to integrating and evaluating new and existing types of detection 
devices. The sensors and equipment utilized in these studies will be those 
which will have the greatest positive impact on accident statistics and eco
nomic considerations.



EVOLUTION OF THE CONCEPT & POTENTIAL OF A 
RESEARCH LOCOMOTIVE AND TRAIN HANDLING EVALUATOR

BY

John T . Wilson
DSL Dynamic Sciences Limited

Executive Summary

The primary purpose of the research locomotive and train handling 
evaluator is to facilitate the collection of new objective information describing 
the interaction of an engineman with his train. Historically, field observation 
with supervisory personnel on-board the locomotive, has provided the primary 
source of engineman performance evaluation. Crew reports have served to 
indicate the acceptability or effectiveness of any design innovations affecting 
display or control functions. Since 1970 a series of five noteworthy, locomo
tive crew training simulators have been introduced in North America. These 
have provided a simulated environment with medium to good realism, and 
consequently another situation in which engineman-train interaction could be 
observed. Performance under controlled conditions has been monitored on 
simulators, but the evaluation of performance has remained entirely subjec
tive. Although the training instructor has to a great extent replaced the 
road operations supervisor, the influence of the human observer on operating 
procedures has remained.

The research evaluator concept. defines for the first time,, a system 
offering a high degree of environmental realism, while simultaneously pro
viding for "on-line" objective evaluation of engineman performance. The 
evaluator is much more than a simulator in that the evaluation function is 
implemented by special programmed logic devices. The evaluation process is 
to take into account biotechnical data indicating the condition of the engine- 
man. Also considered will be the current state of the dynamic forces in his 
train, data indicating the stability of any critical vehicles, and the state of 
subsystems affecting the safety or efficiency of operation.

Unlike the training simulator which presents many repetitious runs of 
relatively short duration, the evaluator concept provides for long duration 
"fatigue" runs. The facility to closely control all major aspects of the 
engineman environment will permit the acquisition of statistically significant 
data, describing the performance of a "control group" of enginemen with 
regular locomotive equipment. The effectiveness of other enginemen under a 
variety of circumstances and with access to diverse equipment innovations can 
be objectively assessed with respect to the control group. The total 
evaluator facility would include systems for the preparation of experiments, 
modular equipment to emulate design innovations., and systems support gear.

It is the author's conviction that much can be gained through the early 
development of the research evaluator. While a better understanding of the 
engineman's task and normal performance will result, this in turn will yield 
improved safety of operations, better use of human resources and improved 
economics of operation.
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H IG H LIG H TS OF R AIL SAFETY RESEARCH V

BY '■ * .X-'

L. A . PETERSON

IN TRO DUC TIO N

T h is  paper will b r ie fly  present some 
R&D highlights of the  office o f Rail 
S afety  Research. By doing so, I hope 
to  introduce you to  the research goals, 
programs and in teractive  and coop
e ra tiv e  methods we, in R&D employ in 
conducting research e ffo rts .

NEED FOR SAFETY RESEARCH

T h e  O ffice of Rail Safety  Research 
in FRA, together with o ther sim ilarly  
oriented in d u stry  organizations exis t 
because of perceived safety im prove
ment needs--which are documented in 
historical records. Such "statistics"

‘ -  * M S a ib ty  T r e n d s • * ‘'.'-f ,̂1
, •  Tra in  A cc id e n ts  iD a m a ge  in E x c e s s  o f  $1,756) '. '

: 1976 10,248 an; In c rea se  o f  27%  O ye r  1975
’’ , Cause- v * r . ‘  ̂ ~*-V1 4
r* /   ̂Track Condition* . n "42%,. ‘ “ $"'f *• *«

‘ ’ Human fetors , » _ . - \ , 2 3 % ' '(A  '* „•
• Equipment Failures ‘s', » v -  V»

Aa.otW/ n*„ i h’i '<*'
- •  R R  C ro ss iiig  D e a th s  —  1,168 b e a th s/ '4,887£ ,4-. •.

’ ’ . fnjuries (1976) ‘ ... ’• * A . - >. r -• 'y \
, ; * ;T r a in  C o llis io n s:= - ''1,370’ (1976) •' ; ‘X  “

• / H a ia rd o u s  M ateriaCTankcaV  , 'X V  ■

'■  $9 M il lio n -fro p a rty  L o s s  (1975 Estim ated ) ’

K :A  ■ V \ l i 976_Data;'not A va ilab le )

FIGURE 1. RAILROAD SAFETY  
TRENDS

as shown in fig u re  1 /  d rive  research  
and development e ffo rts . T ra in  Acci
d en ts , Railroad Crossing Deaths, T ra in  
Collisions and Tank C ar Ruptures are  
h ig h ly  visible evidence of serious 
problems. Fatalities, in ju ries , societal 
hazards and high costs are invo lved , 
and tend to compel some sort of remed

ial ac tio n --even , 'though /ra llrp ad ' safety  
as a whole may., be Comparatively b e tte r  
than o ther modes. ; t  ■

F u rth e r examination of typ ica l re -, 
cords of fa ta lities  and in ju ries , not 
necessarily restric ted  to railroad* em
ployees, confirm v ia fig u re  2 ,

FIG URE 2. T O TA L TR A IN  
CASUA LTIES

th e  re la tive  importance; of Grade Cross
ing accident red u cfib n ii,-A lso  the  need 
to deal w ith tra in , and no n -tra in  
incidents ( ra th e r.: than the more spec
tacu lar accidents)., T, ;isC .increasing ly  
evid en t. ,

S im ilarly , as /in  figure. 3 , statistics’ 
limited to rajlroad employiaeS confirm  
the importance of dealing: . w ith: >both; 
tra in  and non-tra iri 5 incidents i;n‘ at-- 
tempts to achieve fa ta lity^  and in ju ry  
red u ctio n s. ':  /  i’v

By presentation o f statistics^ by  
another method of compilation (f ig u re  
4 > - t h e  majors focus can be fixed  oh! 
Transportation  Departm ent employees.: 
A t still, a deeper level of examination,, 
challenges fo r improving the safety ,o f  
ind ividual, perspnnef work; tasks are: 
highlighted, as in fig u re* 5..,

Leavitt A. Peterson is Director of the FRA's Office of Rail- Safety Research.'- -Leavitt holds B.S. and' H.S. 
degrees in General and Industrial Engineering frost' the University of Illinois and. Illinois Institute of 
Technology respectively. He is also a graduate of the Stanford University Transportation,Management Program.

. .1 ■1 v . :1 ■ ’
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FIGURE '3. EMPLOYEE' X l^ - 
■' : i:;;' CASUALTIES

! ' FIGURE 4 v  ■;
; EMPLOYEE F A T A L IT IE S

On th e  o ther hand, if  d irec t costs 
(o r damages) are considered, fig u re  6 
illustrates th a t tra c k  caused accidents 
are foremost.

FIGURE 6.
. DAMAGE COSTS 

Inc iden ta lly , the results of fig u re  6 
would be almost identical if  the  
frequency of tra in  accidents were  
shown. • ’

. A narrowed, view of research rieeds 
can be obtained by examining the  
nature o f accidents. For instance, in 
the Grade Crossing example of fig u re  
7, it  can be seen th a t over .15%:of the  
tim e, the  automobile hits the tra in  
ra th er th a n -v ice  versa .

Total Emplo yee Fatalities 
By A fa^ C&eo Categjoty
Combined Yaa^1966-1&i £•

ON OR OEF 
■/. 5.2%
STUMBLING, 
SLIPPING ON^ 
TRAINS'
s t u m b u n g ; 

Co u p l in g ' a n d
UNCOUPLING

.7:0% - :

ALL OTHER 
CAUSES ;
/  ’ /•*.

STRUCK OR 
^RUNCjyiR

TRAINACCIDENTS

f ig u r e : 5.
EMPLOYEE F A f  A L IT I ES "SM - T -V
■ • ..; c a u s e ; ;;.'::;

Being "struck or runover" ..is ’ the  
most common cause, category . (T h e  
"all other" listing jis''composed: of; m any; 
small item s). ' . ‘ '

FIGURE 7.
. ; ' CROSSING FA T A L IT IE S

One of the' most useful inputs in 
guiding research p rio rities  is an exam
ination of the repeating and consistent 
leaders ranked by severity  of conse
quences.
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. ■■ r (Severity Index)

. ACCIDENTS INCIDENTS NON-TRAIN

• m a in -rails •  ON AND OFF -'• C&M-pARS ’
• axles” TRAINS • C&M-RAIL
V MAIN-L&S ■ • STUMBUNG, • C&M-
• fRUCKS SLIPPING-TRAIN LOCOMOTIVE
•MAIN-JOINTS,: •STRUCK TRAINS •  CRrM-TIES,
•COUPLERS • HAND BRAKES ETC.

• HAND BRAKES •  SWITCHES , , •  S&M-MOTOR-
•WHEELS , CAR. EQUIP-
• EXCESSjVESPfED • C&M-TRACK

A V■erMUBiii 3 ***a .iii 1*3

emerging safety  problem tren d s . How
e ve r, collection costs and attendant 
processes to supply detailed data in aJL 
potential safety areas cannot be ju s tir  
fie d . As a re su lt, these general in 
dicators are not always suffic ien t to 
meet the  more demanding requirements  
to guide the application of research 
resources. A ccord ing ly , it  appears 
th a t accumulation of supplemental
safety data in identified  major areas' 
will always be a necessary and ju s ti
fiable step in the conduct of effective  
research activ ities .

FIGURE 8. ACC ID EN T TEN D EN C IES

Figure 8 shows the y e a r -a fte r -y e a r  
"infection" of several "rep eaters". 
"Main Line Rail B reakage", "G etting  
On and O ff Trains", and "Construction  
and Maintenance Work on Cars" are the  
persistent casualty producers in the  
th ree  categories shown. In summary 
(f ig u re  9 ) ,  a va rie ty  of measures may 
be employed in guiding research  
th ru s ts .

•F R E Q U E N C IE S  • D A M A G E S  
• F A T A L IT IE S  (Q O S T S )
* S E V E R IT Y  *  IN J U R IE S
? IN D E X E S  , •  P O T E N T IA L
^ f a i l u r e s /  h a z a r d s
: R E P L A C E M E N T S  •  C O M B IN A T IO N S

FIGURE 9. S T A T IS T IC A L  
MEASURES

While all deserve a measure of atten  
tion in addressing research needs, we 
are now becoming convinced th a t the  
fa ta lity  rate is a prime ta rg e t fo r  in 
creasing amounts of Human Factors re 
search concentration.

Routinely-collected "o ff th e  shelf" 
statistics now provide the broad cover
age necessary to detect ex isting  or

FRA RAIL SAFETY RESEARCH

The O ffice of Rail Safety Research 
is organized to provide technical ou t
puts in th ree  major concern areas 
--w h ich  encompass the  identified , R&D 
needs. In abbreviated form , the three  
divisions are:

. Rail Vehicle Safety  

. T rack  

. Inspection

The office cooperates w ith a wide 
range of safety  in te res t groups in - .• 
eluding the FRA O ffice of S afety , 
in d u s try , Unions, N TSB , the Rail 
S afety  Research Board and the Loco-; 
motive Control Compartment Committee.^ > 
The major programs under each of the . 
th ree  divisional responsibilities are as 
shown in fiq u re  10.

FIGURE 10. O FFICE OF RAIL  
SAFETY RESEARCH
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R A IL VEHICLE SAFETY

The Rail Vehicle S afety  Division is 
charged with research fo r g reater 
safety  associated w ith Rolling Stock, 
Human Factors and A ccident A void
ance. F igure 11 shows, sub-program  
emphasis.

ROLUNG ! „ : h u m a n ; '.Jr'' &C lb0lT7u
STOCK | " * ' FACTORS : ''AvbltfAllCfeJ

' • ..... .. •- VV; v!V,>
•TANK CARS • RESEARCH ' • GRADE CROSSING.
• co m po n en t  - lo co m o tive  & • ' , ;  ;rr6tecti‘6’n^.:
; FAILURE ' --TRAIN’ HANDUN.G-t. p ERs (^ iM . '' i , '  -A

PREVENTION EVALUATOR . ■■ ; 'PR'dTECflpNjf.'-y;
• OCCUPANT * "CLEAN SHEET" ' y-CONTROL*; j

PROTECTION' ' -CAB.
‘ • ENVIRONMENT, • ■ '.ALERTING-DEVICES'

FIGURE 11. RAIL VEH IC LE  
' D IV IS IO N

Note th a t Grade Crossing work is 
included under Accident Avoidance. 
Work in th is  d iv is ion , and in the  other 
tw o , has found the  FRA as a 
p artic ip an t in the  total scope of re 
search work p erfo rm ed --w ith  A A R , 
R P i, U .T .U ,  B of L .E . among the  
specific in te res t groups tak in g  prom in
en t roles both in the conduct of work  
and th e  achievements realized .

Hazardous Material T a n k  C ar re 
search has been a mainstay productive  
e ffo r t . Progress has resulted through  
a continuing series of in d u s try / gov
ernm ent cooperative interactions over 
th e  past several years . The h igh
lights  of th is  m u lti-yea r program  are  
ind icative  of the' general approach 
utilized  in th is and in o ther activ ities .

E arly  small, scale tan k  car analysis 
and testing (f ig u re  12) provided the  
basis fo r fu ll scale tan k  car in s tru 
mentation (f ig u re  13) and fu ll scale 
pool f ir e  tests (f ig u re  14) taken to the  
ultim ate fa ilu re  destruction (f ig u re  15 ). 
T h e  results  followed by comprehensive 
analysis (f ig u re  16) provided inform a
tion fo r generating improvement 
candidates which then were tested

through use of developed/validated  
small scale plate testing facilities  
(f ig u re  17) and fu ll scale “torch"  
testing (f ig u re  1 8 ).

FIGURE 12. SMALL-SCALE TANK  
CAR TE S T

18.4}« ?AQ.4tn.J

I GMt, ‘ itiliMCOJ ILU 
6 L'
o N'.JVUVSMM’J/'fj HAHGC
s m^usr- «Auc.£

tH/O* GAUGE -
0.0 irfMXfAfiCt GAUGE 
&f*i- W>« OAUGI 
Q 8CUIF VAtvE
»jkA w fitv vAtvc - iouisiawa rtCM 
i riii .Miti EXHAUSf VAlVf

0 i 2 3 4 SPW .-.L

FIGURE 13. INSTR U M EN TA TIO N  
LAYO UT

FIGURE 14. POOL FIRE 
T E S T F A C IL IT Y
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POOL FIRE TEST

FIGURE 16. TEST  
ANALYSIS

FIGURE 18. TORCH TEST  
Such tem perature tests were aug

mented by Impact Analysis and Testing  
(f ig u re  19)

FIGURE 17. TORCH FIRE TEST

FIGURE 19. IMPACT TEST  
to minimize puncture probabilities  
which eventually  produce effective real 
life  re tro fit  improvements (fo r  incor
poration on existing tank cars) such 
as the  double shelf coupler of fig u re  
20 and the therm ally  protected cars of 
fig u re  21.

Stipulation of protection needs in 
terms of perform ance ra th er than de
sign specifications allows fo r varied  
methods of implementation, including  
the "coated" and "jacketed" versions of 
fig u re  21--a n d  the less obvious v a r i
ations of head shielding. In itial work  
has begun on other Hazardous Material
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Rail T ran sp o rt problems, including  
radioactive cargoes such as nuclear 
waste shipments.

In the Component Failure Prevention  
and Detection program , bearings and 
wheels (because of th e ir  h istoric  safety  
im pact) receive principal a tten tion .

FIGURE 20. DOUBLE-SHELF  
COUPLER

FIGURE 21. HEAD AND  
THERMAL PROTECTION  

Figure 22 is a p ic ture  of a versatile  
dynamometer wheel testing fa c ility  lo
cated at one of our contractor's  sites. 
It 's  designed to simulate a range of 
real-w orld  conditions, including emer
gency stops from high speeds.

Figure 23 is a scene from a 120 
MPH test using Cast Iron brake shoes.

FIGURE 22. WHEEL TEST  
F A C IL IT Y

FIGURE 23. WHEEL UNDER 
TE S T C O N D IT IO N S

Such controlled experim ents perm it 
testing to destruction (f ig u re  24) by  
drag braking and the  subsequent pos
session of unique information made 
possible through wheel reassembly 
(f ig u re  25) and precise reconstruction  
of the fa ilu re  mechanisms.

Field testing validation of impact 
"models' here at the  Pueblo T es t Cen
te r  have proven invaluable in both 
tank  car and Personnel Protection 
studies. F igure 26 is an example of 
one of the results of a care fu lly  
designed series of such tes ts .
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FIGURE 24. WHEEL TESTED  
TO DESTRUCTIO N

FIGURE 25. WHEEL REASSEMBLY

This 18 MPH rear-en d  collision tes t 
provided key insights in understanding  
collision forces and achieving the  cap
a b ility  to p red ict impact dynamics and 
consequences,

\

FIGURE 26. "REAR END"
IM PACT TESTS

O ther tra in  " re a r end" protection  
research activ ities  included "conspic- 
uity" te s tin g --w ith  s ign ificant . con
trib u tio n s  resu lting  from cooperation 
with the  Illinois Departm ent o f T ra n s 
portation and th re e  Chicago areas ra il
roads. Strobe lights and other m ark
ing devices were evaluated as to th e ir  
u til i ty ,  v is ib ility  and a lerting  p ro 
p erties .

Protection of occupants is accidents 
and in incidents o f vandalism is another 
im portant endeavor. R epresenta tive .o f 
the "practical" nature  of research con
ducted is a sequence of tests to  eva l
uate the  personnel protection charac
te ris tics  needs and th a t afforded by  
available "glazing" materials (f ig u re  
2 7 ).

FIGURE 27. "GLAZING" 
M A TER IA L TESTS

Both "ballistic" and "thrown or sus
pended object" tests were made. Re-
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suits to date indicate th a t performance 
c rite ria  can provide guidelines fo r use 
of certain sets of existing  materials 
which will provide reasonable protec- 
tio n --e v e n  against the  intrusion of 
cinder blocks.

Work to improve the safety  and e f
fectiveness o f tra in  handling controls 
and cab environm ent is continuing  
through another jo in t pro ject with the  
in d u s try , unions, and th e  Locomotive 
Control Compartment Committee.

FIGURE 28. "CLEAN CAB" MOCK-UP  
The "mock up" s tru c tu re  of fig u re  

28 houses the improved in te rio r cab 
concept o f fig u re  29.

FIGURE 29. "CLEAN CAB"

This  so-called "clean" cab incor
p o ra te s , several advanced cab a lterna-. 
tives --w h ich  were evaluated by e xp er
ienced railroad locomotive engineers. 
Some of the more read ily  adaptable

modifications to minimize personnel in 
ju ries  are now being vo lu n tarily  imple
mented in new locomotives.

In addition , locomotive in te rio r emis
sions and noise measurements have 
been made in the  typical w ork condi
tions of several ra ilroads.

FIGURE 30. EMISSION TESTS

The p icture  o f fig u re  30 was taken  
at the site o f  one such environmental 
measurement testing  on cabooses.

FIGURE 31. NOISE TEST

; In fig u re  31, noise measurements 
are being recorded in a locomotive 
cab. Levels o f noise and emissions 
under a v a r ie ty  o f  circumstances and 
most severe conditions (such as tu n 
nels) have been recorded.

Several research activ ities are aimed 
at Grade Crossing protection exten 
sions, including: a lerting  devices, ac
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tivation  means and constant w arning  
time systems. T rad e-o ffs  in the cost 
effectiveness of the several a lternatives  
found most a ttrac tive  are still being  
assessecF-including the  efficacy of 
strobe lights as a lerting  devices at 
crossings. Locomotive Safety  P erfo r
mance evaluations are being made in 
both the laboratory and th e  fie ld .

FIGURE 32. TE S T F A C IL IT Y

Figure 32 shows a 3 -ax ie  locomotive 
tru c k  being set up to be tested at 
M artin -M arie tta . In this, fa c ility , the  
characteristics of a v a rie ty  o f locomo
tiv e  trucks are determ ined in eng in 
eering terms so th a t comparison, can be 
made and the potential effects of d if 
ferences ascertained. F igure 33 shows 
a tru c k  under tes t

FIGURE 33. TH R E E -A X LE  TRUCK

while fig u re  34 is a fie ld  example of

dynamic tra in " ' measurements being 
taken on a designated locomotive' and 
consist.. ■ O -

> IG U R E ^ 3 4 . FIELD TEST ,

: Both "bnrboard11 and "track  side" 
measurements are necessary measure
ment .Requirem ents/ as is tra c k  s ta tu s / 
dondltion 'documentation.
/  .Many locomotive ; cab improvement 

cadidates • w ill . be subjected to a -r"  Re
search ;̂ Locomotive and T ra in  Handling  
Evaluator" instaljatioh; if  present re 
search -worl< is. successful (f ig u re  3 5 ).

•Research Locomotive & Train Handling Evaluator
.CAB VARIATIONS ’ OUTPUTS

TOplS ‘DRAFT/BUFF INDICATOR * COUPLER STRAIN * ' STATISTICAL COMPARATIVE 
ADVANCE TRACK- DISPLAY LATERAL WHEEL/RAIL’ . PERFORMANCE lyiEASUREMENT 

CONTROLS * 'FORCE /  . * " > INDIVIDUAL.ENGINEER r
' LOCATION ■ L/V RATIO ‘ - 'POPULATION OF ENGINEERS,

' OTHERS , '  EVALUATIONS OF NEW TR.AIN 'ENVIRONMENT ' ’ “ * ’ ' HANDLING AIDS &.CABNOISE ' DESIGNS
* ATMOSPHERE' * ’ ’ ‘VISIBILITY

M P A S tm R  n a a iV  R a n  n t ra rT ir» M  .  (3IV F N  T R IP

FIGURE 35. , '
FUNC TION S OF THE RESEARCH 

LOCOMOTIVE AND . ■ 
T R A IN  HANDLING EVALUATOR '

The ''evaluator11'' is an innovation  
w hich . utilizes advanced “realism" gen
erators, of existing  simulators b u t adds 
the dimerision of objective determ ination  
o f the .merits of many types of im prove
ment candidates.
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FIGURE 36. A R T IS T  CONCEPTION  
OF "EVALUATO R"

Figure 36 is an a rtis t's  concept of 
what the  evaluator layout might, be. 
Fabrication activ ities  should begin 
w ithin the n ext y e a r. A subsequent 
presentation in th is  session will dwell 
more on th e  reasons fo r  and potential 
benefits from th is i u n d ertak in g .

IMPROVED TR A C K  STRUCTU RES
The”’ next, d iv is io n , T ra c k  includes 

R&D responsib ility  fo r  two major 
th r u s ts : ’

Accident Reduction (due  to, tra c k )
' '■ and ..
i Performance . Improvement

F igure 37 lists the  major subprograms 
under th e * T ra c k  Research Division.

FIGURE 37. TRAC K D IV IS IO N

Track R&D resources are in a large  
p a rt responsible fo r the research  
oriented trackage at the Transportation  
Test C en ter. A g reat portion of the  
division’s activ ities  are in support and 
u tiliza tio n . of F A S T --to  provide  
accelerated tra c k  answers which th is  
division is re ly ing  on. A large num
ber of tra c k  experim ents are being 
conducted on th is  loop.

FIGURE 38. STEEL T IE S

Typical of the  components being tested  
are such th ings as steel ties (f ig u re  
3 8 ), --a s  well as (f ig u re  39) wood and 
concrete t ie s - -

1 FIGURE 39. CONCRETE AND  
WOOD T IE  EXPERIMENT  

ON FAST

and d iffe re n t fas tener designs. O f 
course, rail wear rates and charac
teristics  are  not being neglected 
(f ig u re  4 0 ).
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FIGURE 40. RAIL WEAR

Results from the FAST experience are  
being integrated into find ings  from  
other areas by designated "Experim ent 
Managers". Figure 41 represents one 
of the sources.

FIGURE 41. ROLLING LOAD LAB

It  is the recently completed AAR  
tra c k  s tructure  testing lab in Chicago. 
The potentials fo r railroad tra c k  s tab i
lization have been investigated . Figure  
42 is a Lime S lu rry  Pressure Injection  
Testing arid Evaluation project in pro
gress.

While a prelim inary handbook was 
published in June 1977, additional v a li
dation is planned to more firm ly  sub
stantiate the circumstances under

which th is  process is most beneficial.

FIGURE 42. LIME SLURRY  
INJEC TIO N PROCESS

N atu ra lly , measurement of w heel/ra il 
forces under vary in g  veh ic le, tra c k  
and operating conditions is im portant 
to provide guidelines fo r tra c k  modi- 
fication/m aintenance practices which 
will resu lt in system improvements.

FIGURE 43. INSTRUMENTED TRACK

Extensive w heel/ra il force measure
ments have been made at instrum ented  
locations such as in fig u re  43.

Several In ternational technical in 
formational exchanges are adding to 
track  knowledge. Figure 44 is an e x 
ample of "panel" tra c k  laying as p rac
ticed in the  Soviet Union.

Through exchanges of delegations 
composed of industry /governm ent re -
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preservatives, we are learning how the  
Soviets can move almost th ree  times 
th e  fre ig h t tonnage we do w ith equi
valent technology.

FIGURE 44. SO VIET "PANEL" TRACK

T ra ck  s tiffness, s trength  and 
stress measurement research is being 
accomplished as a p rerequ is ite  fo r de
fin ing  re levant tra c k  perform ance spec
ifications. Figure 45 is one means by  
which tra c k  stiffness (o r  impedance as 
some p re fe r to call i t )  is being mea
sured and assessed.

FIGURE 45. TRAC K IMPEDANCE 
MEASUREMENT SYSTEM

A lot of jointed tra c k  will continue 
to exis t in the U .S . fo r  some time. 
Since jo in t maintenance is a defin ite  
safety  concern, tests of extending  
acceptable jo in t performance life are in 
o rd e r. Figure 46 is a scene from a 
testing  program on the method of

"sleeve expansion— bolt hole hard en 
ing".

FIGURE 46. BO LT-H OLE  
HARDENING

Several tra c k  facilities  to measure 
vehicle performance under specific (o r  
severe) controlled conditions are in de
velopmental stages. in o rder to en 
sure th a t newly introduced vehicles  
are compatible with a range of tra c k  
conditions, the  feas ib ility  of a "p e r-  
tu rbated" testing  tra c k  a t T T C  is be
ing investigated . Such an "obstacle 
course", together w ith accelerated time 
tes tin g , may be critica l to ensure "safe 
life" perform ance.

The effectiveness of tra c k  m ainten
ance machinery such as the Ballast 
Consolidator of fig u re  47 has also been 
tested in cooperation with several ra il
roads.

FIGURE 47. BALLAST CONSOLIDATOR  

Data generated from track research
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activ ities  has been and will continue to 
be furn ished in d irec t support of 
N ortheast C orridor decisions, as well 
as th e  o ther in d u stry /g o vern m en t in 
te rests  .

FIGURE 48. W HEEL/RAIL  
LOADING

Displays of experienced w h eel/ra il 
loads as in fig u re  48 are an example of 
th e  typ e  of information which was all 
to  often lacking in the past, b u t is 
now becoming an in tegral p a rt of 
making sounder decisions.

IMPROVED IN SPEC TIO N , D E TE C TIO N  AND  
TE S TIN G

T h e  Inspection Division functions  
fo r the obvious reason of assisting  
through research both in d u s try  and, 
governm ent in monitoring the  safety  
acceptability  of various components of 
the  rail tran sp o rt system. T h e  major 
categories of R&D emphasis are:

. T ra ck  Inspection 

. Vehicle Inspection 

. Safety Life Cycle Methodology 

. Automated T ra ck  Inspection  
(P rim arily  fo r the  FRA O ffice  
of S afety)

Figure 49 delineates the  subpro
grams under each of th e  major p ro 
grams of the Inspection D ivisions.

The so-called "T" cars (f ig u re  50) 
have been one of the most v is ib le  p ro 
ducts of the Inspection Division's  
e ffo r ts -- in  the past.

C u rre n tly , there  are seven such 
cars . T 1 /T 3  was the early  tra c k  geo
m etry  car combination w ith T 2 /T 4  be

ing recently  converted into essentially  
the  same tra c k  geometry measurement 
capab ility . T 6  is a prototype of the  
eventual production cars; while T5 and 
T7 are both data acquisition cars used 
to obtain dynamic data measurements in 
tra in  consists.

The  T -c a rs  now inspect about 
30,000 miles of tra c k  ann u a lly --b o th  
fo r O ffice o f S afety  surveillance p u r-  
poses--and to develop ways in which 
such measurements can assist the  ra il
ro a d s --^  such th ings as maintenance 
of way p lanning . Increased capabil
ities are being realized in both ap p li
cation areas.

• RAIL . •O N -BO ARD •M E T H O D -' . : • O FFICE OF
VEH ICLES • W AYSID E Q LO GY, .  ‘ - SAFETY

• HI RAIL' 
VEHICLES* •,NOWr • . ■ 

D ESTRU CTIVE

t  PLANNING 

• FA C ILIT IES  ^
• D .O .f.'CA RS

f • ' * ’**
• OTHER t e c h n i q u e s : • TESTING. ' '

FIGURE 49. INSPECTION  
D IV IS IO N

F R A T estT C ars

Test ■' Current Instrumentation, ,̂ ^ . ;Time, 
Car .! » '  .Instrumentation'"

Track Geometry/Support Car / Mar'1973 
Track Geometry/Support Car - Nov 1976 
■Track Geomejryiand Rail Flaw Oct '1977
Data Collection,',Fr,eight > ; Sep 1975
Data'Collection,: Passenger , Jan- 1977

FIGURE 50. TEST CARS

T -6 ,  (f ig u re  51) the newest car, 
•incorporates tra c k  geometry measure
ment and rail flaw  detection fea tu res .
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FIGURE 51. T -6 ,  PROTOTYPE
PRODUCTION VEHICLE

It  is intended to be the fo re ru n n er  
of a flee t of cars to be operated by  
O ffice of Safety personnel. The car 
fo rm erly  was a U .S . Arm y Hospital ve 
hicle.

F igure 52 depicts T -6  during  te s t
ing and "shakedown" exercises at the  
Transportation  Test C en ter.

FIGURE 52. T -6 ,  SHAKEDOWN
TESTS

While th ere  are still some "bugs" to 
work o u t, operations should commence 
early  in 1978.

F igure 53 illustrates the im portant 
line and surface relationships  
which are m easured--together with the  
method employed.

While the extrem e r ig h t column may 
not mean much at f i r s t  g la n c e --it  re 
presents considerable developmental 
w ork.

FIGURE 53. T -6 ,  TRACK  
GEOMETRY C A P A B IL IT IE S

FIGURE 54. D ATA COLLECTION  
AND TRAC K OBSERVATION

Figure 54 confirms th a t the  car has 
been designed so th a t measured re 
sults can be d isp layed --w h ile  observers  
view physical conditions. Rail flaw  
measurements are accomplished through  
use of ultrasonic probes located w ithin  
two tandem, "membrane" type  w heels-- 
on each rail (f ig u re  5 5 ).

The addition of the  wheel pairs p e r
mits "pitch and catch" paths--m aking  
large improvement in performance pos
sible.

Figure 56 is how the "hardware" 
looks as installed under T -6 .

The two middle wheels on each side 
are the ultrasonic sensors. The entire  
carriage is lowered fo r rail flaw  detec
tion activation.

The contents o f fig u re  57 indicate
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the  major software improvements which 
have been installed.

Among the  most notable qualities are:

Maximum u tility  fo r tra c k  stan
dard measurements

and
. F lex ib ility  to adapt easily to a 

range of outpu t options in the  
fie ld .

A d iffe re n t level of application may 
be in o rd er fo r o ther than main lines. 
For Branch Lines, h ig h -ra il vehicle  
measurement of selected tra c k  geometry 
parm eters and rail flaw  geometry p a r
ameters and rail flaw  detection devel
opment is im portant. F igure 58 is a 
h ig h -ra ile r  under te s t.

FIGURE 55. RAIL FLAW 
SYSTEM, T -6

FIGURE 58. H IG H -R A IL  VEHICLE

FIGURE 56. RAIL  
FLAW CARRIAGE

FIGURE 57. ON-BOARD  
COMPUTER FEATURES

The State of Iowa has a contract 
with us to tes t one version of such a 
car and Office of Safety personnel are 
being fam iliarized with the operation of 
a similar vehicle.

In summary, substantial progress  
has been made in obtaining h igher 
speed rail flaw  detection --and  parallel 
tra c k  geometry data processing--all in 
real time (f ig u re  59 ).

" Ins tan t" display of results and on
board processing is now almost rou
tin e .

A fte r  concept development, the  
practica lity  of "on-board" monitoring 
systems fo r selected applications to  
fre ig h t cars is being tested . Two 
safety concerns are being concentrated  
on fo r automated early  detection of; 

.e x c e s s iv e  bearing tem peratures,

. imminent derailm ent conditions

138



FIGURE 59. DATA  
PROCESSING SYSTEM

FIGURE 60. OVERHEATED  
BEARING DETECTOR

Figure 60 is a scene from actual 
fie ld  tests to appraise operating p ro 
blems and the advantages of contin
uous monitoring and "trig g ered " train, 
stop actio n --in  cases w here emergency 
states are encountered.

Conceptual studies are  in progress  
to evaluate the  potential benefits and 
feas ib ility  of automated rolling stock 
perform ance monitoring v ia an IN T E 
GRATED MODULAR WAYSIDE AP
PROACH which essentially utilizes  
existing  devices.

Prelim inary component (as in fig u re  
61) testing  fo r inclusion in the  wayside 
"package" is underw ay fo r a v a rie ty  Of 
in -tra c k  sensor systems. The  overall 
concept is meant fo r railroads to in 

corporate various wayside capabilities  
into a basic u n it--a s  needed. Figure  
62 is an a rtis t's  version of a fu ll sys
tem complete w ith a communications 
lin k .

FIGURE 61. WAYSIDE  
INSPECTION COMPONENTS

FIGURE 62. WAYSIDE  
INSPECTIO N SYSTEM

M odularity is the  essential key . The  
desire is to  be able to maintain f le x i
b ility , i . e . ,  add a device or fea tu re  on 
an as needed b as is --w ith  an objective  
of maximum "p o rta b ility " . The ap 
proaches fo r  an overall Safety  Life  
Cycle Methodology defin ition are being 
investigated. The fundamental u n d er
lying reason is th a t rail system must 
not only behave satisfactorily  when
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n e w --b u t also over en tire  life periods 
where a host of "wear" states and 
fa tigue  conditions may be encountered. 
We are searching to produce  
b e fo re -th e -fac t guidelines on:

Acceptance Testing,
.^ Identification o f .Potential Safety  

1 Problem Areas; /
. Life -Cycle or Time-Compressed

Testin g , and
In -S erv ice  Lim itations/M onitoring

Facilities such as the  FRA "T " cars 
are a necessary element of acceptance 
tests to document the  dynamic p e rfo r
mance. of locomotives and cars in ty p 
ical trains.; v

FIGURE 63. T -5 ,  DYNAM IC - 
MEASUREMENT, VEHICLES

' T.-5 (f ig u re  63) and T -7  continue to
serve as the means fo r in -tra in  data 
acquisition,, with T -7  being utilized  
prim arily  fo r the  characteristic  h igher 
speed : runs of passenger tra in  
consists. ‘

Conclusions

You have ju s t ' been exposed to a 
pictorial "panorama" of the  kind of 
Railroad R&D activ ities in which we are  
engaged. The ultimate goal o f  this  
governm ent/ - in d u s try  : research  
is results reflected in favorable  
effects on safety trends  (f ig u re  6 4 ).

:> \We view our business prim arily  in 
an applied sense. T h a t is to 
guaran tee: th a t Research and
Development is aimed at the real world 
of railroading w ith emphasis on the  
near fu tu re ! . We realize th a t research  
by itse lf cannot make a complete tu rn  
around in the  safety  record , bu t i t  can 
certa in ly  be an assistance tool. We 
need continuing inputs from both the  
research "insiders" and the  "outsiders" 
on how best to read the statistics and 
recognize th e  critica l safety problems 
which R&D can help solve.

FIGURE 64. SAFETY  
■V .iMRRbVEMENT THROUGH R&D

^/'jpU^^Vwbrjji-'i.'.is. intended to be : open 
and , responsive to legitimate safety  
concerns. AS ; a resu lt, the progress  
in; ; ra ilrbad safety which ’ is Being 
achieved, . is r ig h tfu lly  being conducted 
b y; and "should be credited to the  
cooperative endeavors of the  
p artic ip an ts --ra ilro ad s , supply indus
t r y ,  unions and governm ent. We feel 
th a t th is  has been the case to date  
and th a t R&D will continue to assist in 
eventually  making noteworthy  
improvement in safety statistics a fa c t. 
H opefu lly , a t a conference of th is type  
in :the  near fu tu re , an update of 
safety statistics will substantiate s ig 
n ific an t progress.

The presentations which will follow  
in th is  session will dwell in g reater  
detail oh several of the more im portant 
projects which have only been b rie fly  
discussed.
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ADVANCES IN RAIL FLAW DETECTIO N  

by

H. L. CECCON

In 1974 the  Federal Railroad Admin
istration  in itiated a pro ject to improve 
rail flaw  detection capabilities through  
the improvement of c u rre n t equipment 
a n d /o r techniques and th e  development 
of new equipment in certain  critical 
areas. The major emphasis was placed 
on automating inspection operations to 
im prove speed and detectab ility  and 
reduce the dependence on human oper
ators on the  q ua lity  of the  inspection 
resu lts .

Th is  paper describes some of the  
equipm ent developed under the  project 
and th e  integration of these new devel
opments with conventional equipment 
into fie ld  operational systems. -

IN TR O D U C TIO N  /

The  Federal Governm ent/ through  
the  Federal Railroad Adm inistration, 
has in itiated  a program to reduce the  
occurrence of tra c k -re la te d  accidents 
th rough the  enforcement o f safety  
standards. Since the beginning of the  
program in 1970, FRA T ra c k  Inspectors  
have monitored the railroad 's safety  
conditions by checking inspection re 
cords and perform ing visual and man
ual inspections. in 1974, a project 
was in itiated  to provide the inspectors  
with automated rail inspection equip
ment so a w ider and more, thorough  
coverage could be made; The  respon
s ib ility  fo r implementing selected por
tions of the project was assigned to 
the  U .S . Departm ent of. T ran sp o rta tio n , 
Transportation  Systems C enter in 
Cam bridge, Mass.

The  objective of th is  paper is to 
provide a. technical description o f  rail 
flaw  detection equipment developed un 
der the  project and the  results o f the  
in tegration  of th is  equipment into oper
ational rail flaw  detection: systems.

The project began w ith an extensive  
inspection systems analysis and survey  
of s ta te -o f-th e -a r t inspection systems. 
The survey revealed th a t the average  
inspection speed of rail flaw  detection  
systems in the  U .S . is approxim ately 5 
mph, limited by the  need to stop to 
hand v e r ify  defect indications detected  
by. the mobile system. A lthough th is  
performance has been accepted by the  
railroad in d u s try , it  was determined  
th a t improvements were needed to p ro 
vide the typ e  of , performance and 
u tility  needed to support the FRA 
T rack  Inspectors in perform ing th e ir  
regulatory  duties . A survey  of fo r 
eign technology showed that; 1 little  
could be applied to U .S . requirem ents  
basically because rail conditions are  
quite d iffe re n t and the post-processing  
of data used by the high speed sys
tems is an undesirable fe a tu re .

To support decision-m aking early  in 
the pro ject, commercially available rail 
inspection equipment was ordered and 
tested at the  TSC fa c ility . The mpst 
significant of th is  equipm ent was a h y -  
rail flaw detection system. The sys
tem, is shown (f ig u re  1 ) undergoing  
tes t on the TSC te s t tra c k , served as 
a baseline fo r fu tu re  development of 
equipment. Based on the  .analysis of 
survey inform ation, and an evaluation  
of nondestructive testing  techniques  
and equipm ent, the ultrasonic tech 
nique was selected as the prim ary  
inspection method around which the  
improvement pro ject would be . cen
tered .

. The overall information generated in 
the early  phases o f th e  project p ro 
vided the  FRA w ith information on 
which to base long range goals. These  
goals covered the development of twq 
types of inspection systems: 1 ) a h y -  
rail system with a maximum inspection

Harry L. Ceccon received his B.S. and M.S. in Physics and Mathematics from Lowell Technological Institute, Since 1971 he has worked at the Transportation Systems Center in Cambridge, Mass., in the area of railroad component inspection techniques.
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speed of 25 mph, and 2 ) a rail bound 
system w ith maximum inspection speed 
of 40 to 50 mph.

FIGURE 1. H Y -R A IL  FLAW 
DETECTIO N VEHICLE

INSPECTION EQUIPMENT DEVELOPMENT

T h e  major emphasis on improving  
the  rail inspection capability  was d ir 
ected in th ree  basic areas: 1 ) Improve  
sensor perform ance, 2 ) Develop auto
matic controls and 3 ) Im prove the  in 
spection data processing technology.

Ultrasonic Sensor Development

Early  in the project the  decision Was 
made to develop wheel probes as op
posed to sleds. Th is  decision was 
based on the perform ance of each 
probe on poor rail surfaces and the  
lower couplant consumption (a p p ro x i
mately 2 to 1 a t high speeds) of the  
wheels. Figure 2 shows the  wheel 
probes delivered with the FRA h y -ra il 
system and c u rren tly  in use by several 
railroads.

This basic th re e -tra n sd u ce r config
uration was evaluated and found to 
have certain deficiencies. Based on 
th is  inform ation, w ork was started  to 
develop an improved u ltrasonic wheel 
probe.

Figure 3 shows the tandem wheel 
probe which resulted from th is  w ork. 
This e ig h t-tran sd u cer tandem wheel 
configuration can provide more than 10 
channels of information per ra il and 
was designed specifically to improve 
the detection of rail weld breaks and

vertica l sp lit heads located o ff the cen
te r  o f the  web area; shortcomings of 
£he th re e  and six transducer wheels.

FIGURE 2. SINGLE WHEEL 
PROBE CO NFIG URATIO N

FIGURE 3. TANDEM WHEEL 
PROBE CO NFIG URATIO N

T h is  tandem wheel probe is being 
used on both h y -ra il and rail-bound  
inspection systems. A t least two ra il
roads are p resently  planning to install 
these sensors in th e ir  equipment be
fore  the end of the  year.

Automatic Controls

The main th ru s t of the work related  
to automatic controls was directed to -
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ward automating those functions which 
equipment operators must perform  in 
o rd er to ensure reliab le  inspection re 
su lts . From an operational analysis of 
c u rre n t systems and observing the  
operation of u ltrasonic inspection 
equipment in the fie ld  on railroad  
lines, it  was determ ined th a t, aside 
from inspection data in te rp re ta tio n , the  
n ext most im portant functions the  oper
ator must perform  are: 1 ) maintain
alignm ent of sensors, 2 ) control o f am
p lifie r  gain and adjustm ent of signal 
gates. These a r e . listed in order of 
th e ir  importance.

Figure 4 shows a block diagram of 
an automatic sensor alignm ent device 
which was developed fo r  ultrasonic rail 
flaw  detection systems. Th is  hydraulic  
servo system is controlled by two pos
ition detector transducers  which re 
ceive acoustic signals : reflected from  
the  base o f the ra il. The  signals are  
in p u t to a comparator c irc u it which can 
sense an unbalance in the  signals am
p litudes. Should an unbalance occur, 
the  hydraulic  servo system ' is com
manded to adjust the  position of the  
sensor until a balance occurs. This  
sytem is c u rre n tly  in operation on two 
FRA systems and is being installed on 
systems owned and operated by several 
railroads.

EXISTING 0 DEGREE 
FLAW DETECTION

FIGURE 4. A U TO M A TIC  
SENSOR ALIG NM ENT DEVICE

Automatic am plifier gain control and 
automatic gate positioning devices were  
developed so ultrasonic inspection sys
tems could q u ick ly  compensate fo r  v a r 
iations in the  attenuation of acoustic 
signals due to the  m etallurgical p ro 
perties of ra il steels and w h ee l-to -ra il 
coupling conditions and fo r variations  
in rail heights encountered over len
gths of trackag e . Both devices use 
the  same methods fo r  acquiring in fo r
mation, on which automatic adjustments 
are based.

The devices sample consecutive  
acoustic pulses generated and received  
by th e  0 °  transducer over a given  
length of ra il (4  f t . ) .  -  The pulses 
trave l th rough the  head and web of 
the rail and are reflected a t th e  base 
of the rail back to the tran sd u cer. 
For the gain control," the re tu rn  pulses 
are received over a fo u r-fo o t length  
and the amplitudes are summed and 
divided by th e  number of pulses fo r  
an average am plitude. Th is  amplitude  
is compared : w ith a preset value. I f  
the average am plitude is d iffe re n t from  
the- preset va lue , it  is adjusted to co
incide w ith th e  p reset value. The gate  
positioning c irc u it also samples pulses 
received oyer, a one-foot section, the  
device autom atically adjusts the  gates 
to the new position. Both of the  sys
tems are c u rre n tly  operational in the  
fie ld  on FRA systems. -

Data Processing and Display Systems

The data processing and display  
systems t(b P D S ) , u n d er development fo r  
th e , ultrasonic rail flaw  detection sys
tems fo r the  h y -ra il and ra il-bound ve 
hicles are s ig n ifican tly  d iffe re n t. The  
DPDS f o r t h e  h y -ra il operation is be
ing designed to operate a t a maximum 
speed of 25 mph and uses a combina
tion of data screening techniques and 
human operator in te rp re ta tio n . T h e  
DPDS fo r  the  ra il-b ound vehicle is 
being designed fo r  operation a t speeds 
u p . to  50 m ph, w ith minimum operator 
interaction re q u ire d .; Both Systems 
will be coupled to the  tandem wheel 
probes described e a r lie r  in the paper.

The two basic components o f the  
DPDS, being developed fo r  h y -ra il  
operation are  a data screening device  
and a consolidated B-scan d isp lay.
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T h e  data screen discards reg u la rly  
occurring  fea tu res , such as nondefec
tiv e  bolt hole patte rn s , from th e  data. 
The screened data is displayed oh a 
T V  monitor fo r operator in te rp re ta tio n  
in a consolidated B-scan fo rm at. A 
photograph of a T V  monitor d isplaying  
a rail jo in t in a B-scan form at w ith  two 
bolt hole cracks and a head and web 
separation is shown in fig u re  5.

The FRA T ra c k  Inspection Vehicle 
( T - 6 )  (f ig u re  6 ) is c u rren tly  operation
al in th e  fie ld  and undergoing testing  
at the  Transportation  T est C enter. 
The system is used to make tra c k  geo
m etry measurements a t speeds up to 
about 85 mph and inspection of rail fo r  
flaws a t speeds up to 25 mph.

FIGURE 5. SCAN DISPLAY  
OF A DEFECTIVE RAIL

Several projects are underw ay, d ir 
ected toward developing high speed 
data processing systems fo r ra il flaw  
detection / which will be found compa
tib le  with tra c k  geometry measuring 
systems similar to those c u rre n tly  in 
operation by the FRA. In o rd e r fo r  
dual system operation to be cost e ffec 
t iv e , the operational characteristics of 
the  two subsystems should be sim ilar. 
Geometry measuring systems typ ica lly  
operate at speeds up to 70 m ph, and 
th e re fo re , if the rail flaw  detection  
system is to be compatible in th is  dual 
operation, the operating speed must be 
at least in the v ic in ity  of 50 mph. 
T h is  is the d riv in g  force which has set 
the  high speed requirem ent on systems 
housed in the ra il-bound vehicles. 
5ince most of the projects are still in 
the  early  research phases, th e y  will 
not be discussed here. A ra il-b ound  
system which is c u rren tly  operational 
in the field at 25 mph, is discussed in 
th e  n ext section of th is paper.

OPERATIONAL SYSTEMS

Rail-Bound Vehicle

FIGURE 6. TRACK  
INSPECTION VEHICLE ( T - 6 )

The rail flaw  detection system in 
corporates conventional Ultrasonic elec
tro n ics , the sensors and automatic con
tro ls  described above to provide a 
high speed real-tim e inspection capa
b ility . The system characterizes the  
defects asL;to the general type  and 
location w ith in  the  rail and generates a 
real-tim e exception rep o rt detailing the  
anomalies along w ith locations in the  
tra c k . Th is  is the  f irs t  rail flaw  de
tection system to be developed having  
both high speed, and real-tim e re p o rt
ing capabilities.

H y-R ail Vehicle

The  h y -ra il ultrasonic rail flaw  de
tection system (f ig u re  1) is c u rren tly  
stationed at the  Transportation Test 
C enter w here i t  is supporting the  
FAST project and undergoing field  
evaluation in the Colorado area. This  
system uses th e  th ree  transducer wheel 
probe and records th ree  channels of 
inspection data . The inspection data 
is processed through a basic gate and 
threshold system typ ica lly  used in the  
U .S . ra ilroad in d u s try . The b inary  
data is displayed d irec tly  on chart
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paper fo r operator evaluation . A side' 
from some minor data screening by the  
system, all defect identification and 
characterization is made by the  opera
to r .

The automatic sensor positioning de
vice has been installed on the  system 
and has s ig n ifican tly  improved the  
speed and d e tec tab ility . The automatic 
gain and gate positioning devices are 
scheduled fo r installation in the near 
fu tu re .

ACKNOWLEDGEMENT

This  project is sponsored through  
FRA Office of Rail S afety  Research; 
Improved Inspection, Detection and 
Testing  Research D ivision; and John
C . Mould, Technical C oordinator.

The author wishes to acknowledge
E. H ow erter, ENSCO, In c .,  fo r his 
w ork in developing data processing 
techniques; W. K aiser, Battelle Colum
bus Laboratories fop the design and 
construction of the  automatic sensor 
positioning device and; D . Pagano, 
DAPCO In d u stries , fo r  his contribution  
in th e  area of u ltrasonic sensor devel
opment.

REFERENCES

1. Doyle, G. W ., K aiser, J . ,  Hadden,
F . ,  "Automatic C arriage  Control 
System ", R eport No. D O T -T S C - 
1164-3, Battelle-Colum bus Labora
to ries , A ugust 1977.

2. H ow erter, E . ,  Ceccon, H . ,  Mould, 
J . ,  "An Automated Approach to Ul
trasonic , Rail Flaw Detection", 
Southeast Conference, Williamsburg,, 
V A . > A p ril 1977.

3 . Kaiser, W ., e t a l, "Rail Inspection 
Systems Analysis and Technology 
Survey" 1975-1976, R eport No. D O T- 
T S C -9 7 9 -1 , Battelle-Colum bus Labor
atories , March 1977.

4 . Pagano, D . ,  H a jdu , F . ,  "Detect
ab ility  Evaluation o f AAR Magnetic 
and DAPCO Ultrasonic Rail Inspec
tion Systems" R eport No. D O T- 
T S C -995, DAPCO In d u s tries , July
1976.

5. "Induction -U ltrason ic  Method fo r  
Testing  Rails in T ra c k " , S p e rry  
Rail S erv ice , Division of Automation 
In d u s tries , In c .,  D an b u ry , C o n n ., 
1975.

145



S IG N IF IC A N T  DEVELOPMENTS IN FRA TEST  
CARS, AS EXEMPLIFIED BY T -6

BY

T A -L U N  YANG

The Federal. Railroad Adm inistration  
has sponsored the development of 
tra c k  geometry measuring cars since 
1966. Several generations of measure
ment instrum entation and data p ro 
cessing, capabilities have since evolved. 
T ra c k  measuring consists T 2 /T 4 and 
T 6  were, completed in FY 1977, these  
and the T 1 /T 3  -consist completed in 
1973 are being used in conducting  
tra c k  inspection fo r the  O ffice of 
S afety  and in Supporting o ther Gov
ernm ent and industry  research a c tiv 
ities .

The  latest tra c k  geometry car T6  
has completed its final stages of te s t
ing and started track  inspection opera
tions in late 1977. The T 6  tra c k  geo
m etry system includes the most recen t 
developments in instrum entation plus 
considerable advancement in on-board  
data processing capability. T h e  tra c k  
geometry system in T6 includes mea
surements of gage, crosslevel, rail p ro 
file  by an inertial system and b y  a 
chord system, rail alignm ent, tra c k  
c u rv a tu re , speed and tra c k  location. 
An exception report is generated in 
accordance with the FRA- T ra c k  Safety  
Standards in rpal time by the  on-board  
com puter. T rack  geometry inspection  
can be made at track  speeds up to 120 
mph. ' - ;

In addition to tra c k  geometry mea
surem ent, T 6  is also equipped with an 
ultrasonic rail flaw  detection system 
which employs the  s ta te -o f-th e -a r t  sen
sor technology and an automatic flaw  
detection and classification scheme im
plemented in microcomputers. Detected 
flaws are tabulated in the real-tim e ex
ception re p o rt. Designed maximum 
tes t speed of the  rail flaw  system is 25 
mph.

THE FRA TE S T CARS

Seven rail te s t cars have been as
sembled by the  FRA since 1966 fo r  
supporting tra c k  inspection and rail 
research activ ities . These tes t cars 
and th e ir  application a re  summarized in 
Table 1.

Since 1973 the  tra c k  geometry cars 
T 1 /T 3  have served as a tra c k  inspec
tion consist as well as a te s t bed fo r  
exploring new instrum entation con
cepts .

In FY 1977, two new tra c k  in 
spection consists, T 2 /T 4  and T 6 , were 
completed, p rovid ing  a significant ex 
pansion to the tra c k  inspection cap
a b ility .

T 2 /T 4  incorporates some of the  im
provements on tra c k  geometry in s tru -  
mentatioh while T 6  includes all of the

TE S T
c a r  : CURRENT INSTRUM ENTA TIO N

T 1 /T 3 T ra ck  G eom etry/Support Car

T 2 /T 4 , T ra ck  G eom etry /Support Car

T6 T ra ck  Geometry and Rail Flaw

T5 Data Collection, F re ig h t

T7 : Data Collection,. Passenger

T A B L E  1. FRA TEST CARS

TIM E
COMPLETED  

Mar 1973 

Nov 1976 

Oct 1977 

Sep 1975 

Jan 1977

Ta-Lun Tang la th e  Chief Engineer of the Transportation Group of ENSCO, Inc. He received his B.S. degree in 
Civil Engineering froa National- Taiwan University (I960); his M.S. in Structural Mechanics from the Univer
sity of California'at Berkley.(1963) and his Ph.D in Mechanical Engineering (1967).

146



latest tra c k  geom etry instrum entation  
development as well as the latest rail 
flaw  detection instrum entation. Table  
2 summarizes the  advancements in 
tra c k  measurement and analysis tech
niques and th e ir  implementation on the  
FRA tes t cars.

Advancements In Measurement f t  Analysis Techniques

Previous New
Method Disadvantages Method Advantages Implementation

Gage ' Fixed Capacitive Seneort Affected by Rain and Snow. Accuracy Degrades on Curves of Wide Gage
Servo-Controlled Magnetic Sensors Ail WeatherImprovedAccuracy

T2/T3/TI

Profile Capacitive Seniors Mounted on 14.5 Affected by Rain and Snow. Reference InertialProfilometer All Weather Convertible T im m

Cannot Be Converted to Long Chord Mufti-Chord W/R Carbody Length TI
. Alignment Same as Abova Same as Above Combination of Inertial Reference end Servomag Gage

Same as Above T»

Croestevel Vertical Gyro Accumulates Errors In Curves CompensatedAccelerometer ContinuousCompensation T2, 71, T«

Rail Raw Not Measured Not Measured UltrasonicAutomatedAnalysis
IncreasadCapability Tl

Analyeit Post-Test Offline Delay In Eaceptlon Report Resl-Tlme On-Une Analysis Report Available to Test Completion
TS

TABLE 2. ADVANCEMENTS IN 
MEASUREMENT AND .

AN A LYSIS  TECHNIQ UES ;

R E -IN S TR U M EN TA TIO N  OF T 2 /T 4

T 2 /T 4  served as the tra c k  geometry 
measuring consist p rio r to the  comple
tion of instrum entation in 1973. T ra ck  
geometry instrum entation was removed 
from T 2 /T 4  in 1973 and the  consist 
was converted fo r  provid ing  genera l- 
purpose tes t support. A Raytheon 704 
Computer was installed in the car fo r  
fie ld  data collection.

In July 1975, a program was in it i
ated to convert T 2 /T 4  back to a track  
geometry measuring consist by d up li
cating the  latest instrum entation then  
existing on T 3 /T 1 . T h is  e ffo rt was 
in itiated simultaneously w ith the devel
opment of T 6 . The  consist was com
pleted in 1976 and placed into active  
service in Novem ber. A new model 
Raytheon Computer (R D S -500 ) was 
used in T2 and is the same as the one 
used in T6 which provides the option 
to implement to T 6  software package 
when it  is completed.

In December 1976, the T 2 /T 4  con
sist suffered a minor derailm ent while 
being tra n s fe rre d  to a te s t s ite. Some 
tru c k  components and sensors installed  
on the  tru c k  were damaged. Repair of

the consist was started  in June 1977; 
tra c k  inspection operation resumed in 
October of 1977.

OTHER FRA TEST SUPPORT CARS,
T5 AND T7

Both T5 and T7 were converted  
Army hospital cars. T5 was completed 
in 1975. I t  is equipped with signal 
conditioning electronics and a Raytheon 
704 Computer fo r data collection. T5  
has been using the  Transportation  
T>st. C enter in Pueblo, Colorado as its 
operating base, supporting research  
efforts  prim arily  related to fre ig h t s er
vices.

T7 was completed in January 1977; 
it  has signal conditioning equipment 
and a HP-2100 computer fo r  data col
lection. Modifications have been made 
in the tru cks  (includ ing 1:40 ta p e r, 
hydraulic  snubbers and softer sp rin g s) 
of T7 to make it  suitable fo r  sustained  
high-speed operation. Features were  
added to the carbody so th a t it can be 
coupled with Amtrak'.s Am fleet cars. 
T7 has been used to support passen
ger car and locomotive te s tin g .

THE LATEST TRAC K INSPECTION .- 
VEHICLE -  T6 :

The FRA obtained several re tired  
Arm y hospital cars in 1975; it was de
cided th a t one of these cars would be 
used as the base to implement a tra c k  
geometry vehicle which contains the  
most u p -to -d a te  instrum entation in 
both tra c k  geometry and rail flaw  mea
surem ent. The measurement systems 
and the data processing capabilities  
will be tailored specifically fo r tra c k  
inspection in accordance w ith the FRA 
T rack  Safety S tandards.
■ Instrum entation of T6 was; in itiated  
in July 1.975. Considerable e ffo rt went 
into the design to incorporate the best 
features in existing systems and to 
add new features fo r overcoming w eak
nesses inherent in the existing sys
tems. In a number of areas, th e  
system design involved the  implemen
tation of a concept at experim ental 
stages into an operating system. 
These areas included the  rail flaw  
system, the alignment system, the low-
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speed profile  system and new software  
algorithm s.

T 6  is undergoing its final phases of 
te s tin g , it  is expected to join the  
other FRA tra c k  inspection cars and 
raise the  tra c k  measurement technology  
to  a new plateau.

B rie f descriptions of the  T6 in s tru 
mentation are provided in th is  section.

was modified into an observation room 
(see fig u re  4 ) .  A c h a rt recorder with  
an extended display table is placed in 
the  center of the room fo r  monitoring  
Of tra c k  geometry data d u rin g  a te s t. 
Large windows and tie red  seats were 
installed so th a t tra c k  inspection p e r
sonnel can visually  observe the  tra c k  
and the  data simultaneously.

VEHICLE LAYOUT

The: vehicle was b u ilt by  S t. Louis 
C ar Company in 1953. I t  is similar in 
construction to a conventional towed 
passenger coach. Some general data  
are shown below:

Total Length: 85 feet
Width: 10 feet
Height: 13-% fee t
Weight: 80 tons

(20 to n s /a x le ) 
T ru c k  Spacing: 59-% fee t 
Axle Spacing: 8 fee t
Wheel Diameter: 36 inches

The exterio r fin ish of T6 is shown in figure 1.

FIGURE 2. IN TER IO R  
LAYOUT OF T -6

An intercom system is installed to 
maintain contact among the  rear obser
vation room, the control room and the  
fo rw ard  observer located in the loco
m otive.

FIGURE 1. EXTERIOR VIEW  
OF T -6

An e ffo rt was made to minimize mod
ification to existing facilities inside the  
hospital car. The kitchen area, room
ettes and most storage cabinets were 
preserved (see fig u re  2 of general in 
te r io r  layo u t). The center portion was 
tu rn ed  into the  instrum entation and 
control center (see fig u re  3 ) .  One 
end of the car (nominal tra ilin g  end)

FIGURE 3. T -6  IN STR U M EN TA TIO N  
CONTROL CENTER

S upport fac ilities  include a fu ll 
kitchen , a Microphor to ile t, a shower, 
one p riva te  sleeping room, a pull bunk  
and convertib le beds which can accom
modate up to 3 people. The vehicle is 
equipped w ith two 55 Kw diesel g en er
ators to power the  instrum entation, 
heating and a ir conditioning systems.
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FIGURE 4. T~6 END-O F-CAR  
OBSERVATION ROOM

d rive  screw such th a t the  sensor is 
maintained . a t a fixed  distance (0 .5 "  
nominal) from the  ra il, /

TRAC K GEOMETRY INSTRUM ENTATION

T ra c k  geometry and reference para
meters measured by the track  geometry 
system include:

;' Gage
: Crosslevel

. P rofile of each rail
A lignm ent of each r a i l ;  ;
T ra c k  cu rva tu re  : ?
Speed and distance / ;  - - 
T ra c k ’ location

A b rie f description is; given fo r each 
Of th e 's y s te m s . : ; ^

Gage - /?■

This system uses the  same basic 
operating princip le  as the  magnetic 
systems installed in' T2 and T 3; how
e v e r, the  design contains substantial 
improvements in calibration and pro 
tection fea tu res , T h e ’ T 6  gage system 
is installed on ,a. beam suspended'across  
the  tru c k  from the bearing housings of 
an ax le . Mounted on, each end of the  
beam is a 0 .5" diam eter magnetic sen
sor to  measure the distance between 
the sensor and th e  rail (see fig u re  5 ) .  
Each sensor is mounted on an arm th a t  
is movable ; la tera lly  by. a drive? screw. 
The d rive  screw is • connected, to? a. 
tachometer which monitors the atigUlar 
position of the  drive' screw (see sche
matic in , fig u re  6 ) .  A servo-mechanism  
is used to. control the movement Of :the

/  FIGURE 5. BEAM . SUPPORTING  
/  , THE GAGE SYSTEM :

The measured le ft and r ig h t sensor- 
to -ra il gaps and the  positions of* the  
screw d rive rs  are then combined to ob
tain the  total distance between the rail 
heads.

FIGURE 6. SER VO /M AG NETIC  
v- GAGE

Microprocessors are used to  perform  
the servo-control functions and gage 
computation. W ith; th e  use Of micro
processors, it  is possible to incorporate  
ah automatic calibration fe a tu re . When 
a calibration command is g iven from the  
control. room, th e  servo-m otor will d rive  
the  magnetic sensor until i t  touches the  
rail? The motor then backs the  sensor 
away from the  rail through preset



known distance steps while recording  
the outputs of the magnetic sensor in 
a storage a rra y . The stored distance  
vs output a rra y  is used as the  cali
bration fo r subsequent tests until 
another auto-calibration is perform ed. 
As long as the magnetic sensor is set 
up within its range of operation (even  
if  it  is in the non-linear ra n g e ), the  
auto-calibration fea tu re  eliminates the  
need to bring the  sensor response into 
its linear range and the need to get 
o ff the car fo r manual measurements.

Safety provisions are also included  
to reduce the vu ln erab ility  of th e  sen
sors to. damage due to impacting ob
structions. Sensors can be retracted  
into a protected position behind the  
wheel flange or be lifted above the  
tra c k  by manual commands. Th ere  are  
also automatic raise and retrace fea 
tu res  trig g ered  by a ligh t impact of 
the  sensor or a tra c k  switch sensed by  
a magnetic metal detector running in 
fro n t of the gage sensor.

Crosslevel System

A Compensated Accelerometer Sys
tem (C A S ) is used to determine the  
roll angle of the carbody with respect 
to the  gravitation d irection . I t  is the  
same in design as the  systems c u rre n t
ly used on T3 and T 2 . The CAS con
tains a latera lly  mounted inclinometer 
which measured the  component of the  
gravitation  acceleration, g Sin e as the  
carbody rolls by an angle e^ee  fig u re
7 ) .  The inclinometer also responds to 
a centrifugal acceleration V - / R  due to 
curving  and any lateral inertia l accel
eration of the  carbody; these would 
induce erro rs  in the resu lt if  th e  ou t
p u t of the  inclinometer is used d irec tly  
to compute the roll angle 0 . A com
pensation is made to the inclinometer 
to correct fo r the centrifugal acceler
ation. The compensation is derived  
from the yaw rate  of the car measured 
by a gyro and the measured speed. 
The responses due to inertial carbody  
accelerations are eliminated by passing 
the output signal through a low-pass 
f i l te r  with a corner frequency substan
tia lly  lower than the  carbody natural 
frequencies. The roll angle computed 
from the compensated and filte red  in 

clinometer output provides the  low 
frequency  ac tiv ity  of the  roll angle,©.

*eR *N

0R - ROLL ANGLE

at„ ■ LATERAL ACCELERATION CAUSED 
BY OTHER SOURCES

aij • LATERAL ACCELERATION 
CAUSED BY CURVES

8 ■ ACCELERATION DUE TO GRAVITY

FIGURE 7. SCHEM ATIC OF 
T -6  CROSSLEVEL SYSTEM.

In o rd er to recapture the high f r e 
quency component of the  roll a c tiv ity , 
the roll rate Oof the carbody is mea
sured by a g y ro . The roll ra te  is in 
tegrated  with respect to time and f i l 
tered  by a high pass f i l te r  which is 
complimentary to the  low pass f i l te r  
used on the  inclinometer o u tp u t.

Crosslevel is computed by adding  
the  carbody roll angle to a carbody- 
to -ax le  angle measured by two d is 
placement transducers.

Profile of Each Rail

Two systems are used, the inertia l 
profilom eter and the low speed profile  
system. The inertial profilom eter sen
sors are essentially the same as those 
used on T 2  and T3 ; the processing of 
th e  sensor signals to obtain rail profile  
is changed considerably. A much 
la rg e r portion of the processing is p e r
formed by computer software as op
posed to analog hardw are th ereb y  im
proving the accuracy and s ta b ility .

Each sensor consists of a mass 
sliding on vertica l guide roads. A 
spring-dam per assembly isolates the  
mass from its mounting platform  which 
is attached to the journal housing of 
an axle . The vertica l motion of the  
wheel re la tive  to the mass is measured 
by a displacement tran sd u cer. The  
inertia l vertica l motion of the  mass is 
measured by a servo-accelerom eter
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mounted on the  mass. F igure 8 shows 
one of the  two profilom eter sensors in 
stalled on T 6 .

FIGURE 8. IN E R TIA L  
PROFILOMETER SENSOR

T h e  outputs of th e  displacement 
tran sd u cer and th e  accelerometer are  
f ilte re d  and combined by software in 
the  dig ita l computer into an accurate  
m id-chord offset (MCO) of a short 
chord (tw o times the  sample distance, 
nominally two fe e t ) .  The short chord  
is th en  used to reconstruct MCO of 
o th er chord lengths, such as a 62 f t  
chord . Coefficients used in the  soft
ware fo r short chord computation are  
adjusted autom atically according to 
measuring speed. T h e  effects of 
speed and phase d istortion inherent in 
th e  accelerometer are  compensated by  
th is  processing scheme. A correction  
fo r gravita tional cross feed due to 
crosslevel, g (1 -C o s 0 ) ,  has also been 
in troduced. T h e  correction is derived  
from  the crosslevel system outpu t. 
T h e  new processing technique lowers 
the  minimum operating speed of the  
profilom eter system to below 10 mph.

In o rd er to  maintain a capability  to  
measure p ro file  while standing still or 
trave lin g  a t v e ry  low speeds, a low 
speed pro file  system has been de
veloped and installed in T 6 . This is 
the  f i r s t  system of th is  ty p e  installed  
in th e  FRA tes t cars . The carbody is 
used as a re ference beam in th is  sys
tem to measure rail p ro file . Vertical 
motions of each of th e  e ight wheels 
(re la t iv e  to the  carbody) are measured 
by displacement transducers  (see f ig 

ure 9 ) .  These quantities are then  
combined appropria te ly  to form the  
MCO's Of each rail in other chord len
gths such as a 62 f t .  chord.

FIGURE 9. TRANSDUCER FOR 
LOW-SPEED PROFILE SENSOR

Alignm ent of Each Rail

An inertia l-based  alignm ent system  
is installed in T 6 . The  concept of an 
inertial alignometer has been explored  
since th e  implementation of the  inertia l 
profile system on T 3 . Several design 
approaches have been unsuccessful. 
The system installed on T 6  is the  f ir s t  
successful implementation of the  con
cept.

A servo-accelerom eter is mounted 
latera lly  on the  beam suspending the  
gage system (see fig u re  1 0 ), The  
accelerometer measures the inertia l 
lateral movement of the  tru c k . The  
path traveled  by the  tru c k  is des
cribed by an accurate chord (a  tw o- 
foot chord fo r a nominal sample d is 
tance of one fo o t) MCO derived from  
the  accelerometer o u tp u t. The d is 
tance from the  tru c k  path to each rail 
is measured by the  gage sensors 
mounted . on each end of the beam. 
The gage sensor outputs are also con
verted  to short chord representations  
in the computer. These short MCO's 
are then combined to form alignment 
measurements fo r each rail in longer 
chord lengths such as a 62-foot chord.

, In curved tra c k , the  lateral acceler
ometer outpu t contains a gravitational 
acceleration component g Sine -due to 
crosslevel. Th is  component would in -
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troduce an error in the computed track path. Another error exists due to truck roll acceleration since the accelerometer is located above the rail head. Corrections are derived from the crosslevel and curvature system outputs to cancel both of the errors mentioned above.
InartUI R«f«ranc«

MCO Utt ADgnirMfit » MCO Truck Path + MCO Seraor Gap + Sarvo Movamtnt 
MCO Right Alignmant = MCO Truck Path + MCO Right Sentor Gap + Sarvo Movomont

FIGURE 10. CONCEPT OF THE iNERTIAL ALIGNOMETER
Track Curvature
The curvature system installed, on T6 is essentially the same as those in T2 and T3.A yaw rate gyro is used to measure the rate-of-turn of the carbody. Knowing the speed of the car allows the conversion of the time rate-of-turn to turn angle per distance.The curvature measurement is obtained by scaling the measured instantaneous rate-of-turn distance to a rate- of-turn per 100 feet.Yaw rate caused by oscillatory yaw motions of the carbody relative to the trucks is removed from the gyro output by measuring the relative motion with two velocity transducers. The corrected output of the curvature system therefore represents a measurement derived from truck paths. Measurements made in two passes of the same track will not repeat exactly if the paths followed by the trucks are different.

Speed and Distance
An optical encoder is mounted on a

journal housing and is driven by the axle. The encoder generates direction-coded pulse trains at a rate proportional to speed.The pulses are divided down to provide the distance-based sample rate in the computer and the drive to the paper speed of the data display charts.A relative time clock is used in conjunction with the encoder to compute the speed of the vehicle. Except for the type and the mounting of the encoder, the speed-and-distance system is the same as those used in T2 and T3.
Automatic Location Detection (ALP)
Magnetic-type sensors are used on T6 for location detection as opposed to capacitive type used on T3 and T2. The main reason for the use of magnetic sensors is the application of their output in the gage sensor protection logic. Magnetic sensors are sensitive only to metallic targets, and insensitive to non-metallic objects such as ballast, grass and road crossings which are sensed by capacitive Sensors. The use of magnetic sensors provides a more positive identification of track switches and reduces the chances of a false alarm.Three ALD sensors are installed on the truck overlooking the left and right sides and the center of the track between the two rails. The center one is used to detect location targets for distance reference, the other two are used to trigger the gage system sensor protection logic. ,

COMPUTER AND SOFTWARE
A Raytheon model RDS-500 computer is installed. It is equipped with 65K of directly addressable memory, a 385k fixed-head disc drive, two 9̂-track, 800 BPl tape drives and an electro static printer/plotter.The date collection and processing functions of the computer are controlled through a centralized control console which also controls the track geometry sensor operation.The software performs several key
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functions during a test, which includes:
o Interface operator commands with computer and sensor system operation.
o Sample track geometry sensor output at a selected distance interval (nominally at oqe foot).
o Process sensor outputs into track geometry parameters as defined in FRA TSS.
o Process sensor outputs into track geometry parameters as defined in FRA TSS.
o Record processed data on magnetic tape.
o Display data on distance-based strip charts. Generate exception report in accordance with the thresholds defined in the FRA TSS.
o Interface with the rail flaw detection system.
Major features in the T6 software that are not included in previous test cars include:
o variable sample rate, ^
o software conversion of sensor sig- 1 nals to track geometry parameters, (
o real-time determination of transitions between tangents, spirals and curves, and
o generation of on-line exception report.

A sample of the on-line exception report is given in figure 1 1.The recorded data tapes can be processed by an off-line software package to reproduce additional strip charts or a more detailed exception report.

detection system which incorporated the results from the most recent! research and development efforts sponsored by FRA.
FRA Offtc* of Safety — Track InspectionLOC XOO Mllupoat 101.0-176.3 Track Number: 1 Cites Number: 1

c.a us (.co

ft b?"e rffta S  S £ £ £ rSss
SM • C7J) OM

an 2/(o .(.n

FIGURE 11. SAMPLE OF T-6 ON-LINE EXCEPTION REPORT
The system is designed to perform automatic rail flaw detection and classification up to 25 mph. The rail flaw and track geometry systems can be operated separately or simultaneously. The detected flaws in the rails will be indicated as an integral part of the track geometry exception report.

Sensor Carriage
The rail flaw sensors are mounted bn. a carriage under the center portion of. the T6. The carriage can be raised in a stow position when not in use. Figqre 12 shows the carriage in its operating position.

RAIL FLAW DETECTION SYSTEM
T6 is equipped with a rail flaw

FIGURE 12. RAIL FLAW SENSOR CARRIAGE
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Two wheel probes are installed on each side of the carriage. The lateral position of the wheels are guides by flanged mechanical wheels with fine adjustments for centering the sensor wheels with respect to the web of the rail, provided by a servo-hydraulic system. The distance between each pair of sensor wheels is also regulated by a servo-hydraulic scheme to compensate for changes in rail height.The probe wheels consist of stationary yokes encased in liquid-filled, elastomeric tiroes. Ultrasonic transducers are mounted on the stationary yokes immersed in the fluid. Figure 13 shows the aiming Of the transducers in a wheel pair.

and threshold analyzer is used to study each echo. Each echo is divided in time regions representing different depths in the rail. The echo strength in each region is examined and compared with anticipated returns from a perfect rail. Thresholds are set in each of the regions to detect an abnormally strong or weak return in that region. The output of a gate/thres- hold analyzer is therefore a sequence of binary pulses indicating whether there is or, isn't abnormality in the return.The rail flaw detection system has also been equipped with an automatic gain control tp compensate for loss of signal strength due to variations in rail dimensiqn, metallurgical properties and/or loss of coupling efficiency at the higher test /speeds. Automatic gate control has also been provided to adjust critical gate position as a function of rail height.Successive returns from the sensors contain sufficient information to categorize the locations and lengths of dê  fects which may exist in the rail.
Joint Analysis of the Gate and Threshold Analyzer Outputs by Micropro- cessors

ELASTOMERIC WHEEL

A WHEEL PAIR
Sequenced pulsing of the transducers is controlled by a tachometer driven by a separate contact wheel. Typiea| pulse rate is I/6" to 1/4" per pulse To maintain proper coupling between! rail \ and probe wheel, a water sprayer' is |us6d over each rail to keep the coritac! area wet. Return —echos from therail are monitored by transducers in the probe wheel. A gate

There are eleven binary output chains for each rail coming from the gate and threshold analyzers. The eleven channels are examined jointly and over successive pulses by a set of microprocessors operating in parallel. The parallel processing is duplicated for the other rail.Programs in the microprocessors categorize the flaws into five different designations. Identifiable defects include horizontal head defects, transverse head and weld defects and angular web defects. The logic also has the capability to recognize bolt hole patterns and distinguish them from flaw patterns and to recognize coupling loss and Sensor misalignment̂ Figure 14 shows the data flow of the rail flaw analysis system.The information on the location and designation of a detected flaw is then transferred to the main on-board com-- puter for incorporation into the exception report. ; ; ;. •
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FIGURE 14. DATA FLOW OF THE RAIL FLAW ANALYSIS SYSTEM
A separate rail flaw system control console is located next to the track geometry control console. An operator can monitor and control the rail flaw detection equipment separately from the track geometry system. Return echos from any sensor can be displayed on a scope for monitoring purposes. The binary train from each gate and threshold analyzer can be displayed on a strip chart. Simultaneous examination of parallel pulse trains can verify the proper functioning of the flaw categorization logic in the microprocessors.

FRA test cars. These advancements make T6 one of the most fully equipped track inspection vehicles, however, there are areas in which further improvements are desirable. Several such areas are identified in Table 3. Possible methods for achieving these improvements are also suggested in the table.Some of the potential future improvements such as detection of combinations of defects and measurement of track stiffness deal with parameters not included in the current FRA Track Safety Standards.

Parameters Desirable Improvement Possible Technique
Gage Measurement Through Switches' Reduce Sensor Vulnerability Focused Optical Techniques
Alignment Measurement Through Switches Performance at Low Speed Focused Optical Techniques Batter Inertial Sensor and Improvod Processing Schema
Combination* of TG Parameter* Detection of Dangerous. Combinations or Segmented Defects In the Track

Expanded Computer Software Capability
Rail Flaw Increase Test Speed. Improve Resolution of Detection Eliminate or Reduce Blind Spots

Improved Ultrasonic Probe Configuration, Simultaneous Pulsing of Multi-Sensors, Add Magnetic or Other Techniques, Expanded Computational Capacity
Railend Batter and Miamatch Add New Capability MCO of a Short Chord (<12 Inches)
Track Stiffness Add New Capability Joint Processing of Profile (or Alignment) Measurements by Two Different Systems
Tie Condition Add New Capability Sonic or Ultrasonic

TABLE 3. POTENTIALS FOR FUTURE IMPROVEMENT
POTENTIALS FOR FUTURE IMPROVEMENT
The brief account of T6 instrumentation given in this article illustrates the significant advancements in the

155



EXPERIENCE AND APPLICATION OF A HIGH-RAIL VEHICLE FOR TRACK MEASUREMENT BY A STATE D.O.T.
BY

M. SHERFY .

Data processing, storage and collection systems on-board the Iowa Track Geometry Car and the operational format of the inspection vehicle are described herein. Programs using the track geometry data by the Iowa Department of Transportation, including a Track Geometry Rating System and a Track Geometry Priority Inspection System, are covered. This paper also reports on current research studies, under the sponsorship of the Federal Railroad Administration, to expand the application and interpretation of track geometry data.
INTRODUCTION
State participation in railroad planning represents a new endeavor for state governments. Traditionally the functions of maintenance planning and system planning have been performed solely by the railroad companies. Existing rail configurations, levels of service and maintenance policies h£ve all resulted from the efforts of individual railroad companies) each seeking to obtain a strong economic position for itself.A much broader perspective than the concerns held by private rail companies is taken on by state involvement in railroad planning and inspection. All actions involved in meeting the environmental, economic, and energy needs of the citizens within a state must be balanced with the development of a coordinated, irttermodal system. This strong intermodal approach to transportation planning ensures a balanced relationship between transporta-: tion and, the social well-being of a state's citizens.

Until recently, state involvement in railroad operations has been regulatory, accepting the existing railroad system and leaving all planning and maintenance decisions up to the railroads. With the passage of the 4R Act the state role in rail planning was expanded. Now, a state must reach decisions on which rail, line must be retained within the transportation system and what methods of retaining service will be used. In Iowa these types of decisions. are based on the results of a complex computer assigned freight flow analysis. Regardless of how the decisions are made it is apparent that the judgments must be based on detailed information on the quality of individual rail lines.
ADVANTAGES OF THE HIGH RAIL VEHICLE / .
Iowa ranks sixth in the nation in rail mileage. The present rail system, as shown in Table 1, is comprised of approximately 7,400 miles of roadway. Most of these rail lines were built before 1900.Branch lines represent the backbone for rail service to rural agricultural states like Iowa where bulk shipments of farm products are assembled. Unfortunately the 4,300 miles of Iowa branch lines have suffered heavily from the deferred maintenance practices employed by most railroad com̂. panies.The Iowa DOT quickly recognized the importance of a track inspection program for branch line trackage. As Iowa averages about 380 train derailments per year we. concluded that the risk of derailment to a train type, geo-

. / ,

M. Sherfy tins been Project Manager for the Iowa Department of Transportation, Office of Transportation 
Research since June 1977. Sherfy is a 1976 graduate from Iowa State University, with a B.S. in Industrial 
Administration.
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metry car would be - too high for its selection as a branch line inspection vehicle. The large train type geometry cars could not, in our opinion, be operated as safely as a high-rail vehicle.

IOWA TRACK GEOMETRY RESEARCH PROJECT
The need for detailed track information along with a concern over increasing derailments led the Iowa Depart -

TABLE 1._________  IOWA RAILROAD MILEAGERAILROAD COMPANY* ________ .Chicago & North Western Chicago, Rock Island & Pacific Chicago, Milwaukee & St. Paul &PacificBurlington Northern Illinois Gulf Central Norfolk & Western Atchinson, Topeka &Santa Fe Union Pacific Class II Railroads

IOWA MILEAGE 2,254 1,607
1,579838685168

20 .
2283

Total 7,436 ’
♦Companies referred to throughout this report.
We found that a high-rail vehicle would provide ready access to remote trackage with a low risk of derailment. Due to its mobility a high-rail vehicle is well suited to the inspection of branch line trackage without large amounts of nontesting travel. Highway travel can reduce back tracking, speed up between site travel and be more responsive to the scheduling problems encountered in inspecting trackage for several railroad companies.Economics also indicated the use of a high rail vehicle as an inspection tool. Our vehicle had an initial purchase price of $125,000. New equipment for on-board data processing and storage cost is an additional $20,000. We estimate that a train type inspection vehicle would cost nearly 10 times as much to purchase. A high-rail vehicle can also be operated at a cost savings. A full sized rail inspection car needs a complete train crew and an operating crew while a high-rail car can operate with just one or two people. Other comparisons of the high-rail vehicle and the train type vehicle are shown in Table 2.

ment Of Transportation to design and purchase a high rail track geometry measurement vehicle. To further improve the operation of this vehicle the Iowa DOT is working in conjunction with the Federal Railroad Administration (FRA) to expand the capabilities of this unique state-owned inspection vehicle. Under a federally sponsored research project the Iowa DOT is investigating high-rail operational questions such as:
o How do measurements collected by heavy vehicles vary from those made by light inspection vehicles?o Does the speed of inspection change the results of the inspection?o How do seasonal variations in roadbed conditions influence the inspection data?
Under the terms of the contract, operational issues regarding vehicle scheduling, access agreements, sufficiency rating systems, and safety rules are to be reported in full. One important subtask of our research con
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tract is a study on the ability of measured geometric defects to predict non- geometric defects. If a correlation between measured geometric defects and the occurrence of non-geometric deviations such as bad ballast, bad ties, and broken angle bars is found, vye will be able to expand the applications for the Iowa TGC. This correlation would allow development of rehabilitation cost estimating equations and lead to the eventual development of objective needs studies.

prove safety and operational service with a relatively small investment. A final report oh this contract will be published in May 1978.
IOWA'S TRACK GEOMETRY CAR
Iowa's inspection vehicle is a light weight high-rail truck capable of measuring and recording gauge and cross levels. Figure 1 shows the Iowa Track Geometry Car (Iowa TGC) positioned on a railroad track. Gauge is measured

TABLE 2
VEHICLE COMPARISON*

HIGH-RAIL COMPARISON VEHICLE TRAIN TYPE VEHICLE

Length 20.5' 85'
Width 7.7' 10'
Weight 6 Tons 55 Tons
Weight/Axle 2 Tons 13.75 Tons
Max. Measurement Speed 30 MPH. 150 MPH.
Data Sample Interval 4.59' 2.42'
Track Geometry Gauge, Cross Level Gauge, Cross Level
Parameters Profile,
Measured Alignment,Curvature

*lowa Track Geometry Car represents a high-rail vehicle while one of the Federal Research Test Cars (designated T-1, T-2, T-3, and T-4) representsa train type vehicle.
The research contract with the FRA to examine both the technical and operational aspects of the Iowa TGC will aid in establishing the future role of light-weight high-rail inspection vehicles. These cars may be able to im-

using an under body carriage which uses a system of low-wear contact wheels. Measurements are taken 0.625 inches below the \ surface of the rail head. A superelevation gyro pendulum is used to correct centrifugal force
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DATA COLLECTION & DISTRIBUTIONand vehicle body lean found in measuring cross levels. Speed and distance is measured by an optical incremental encoder. This provides a recorder chart drive which is proportional to the distance traveled and a mile per hour readout. The entire measurement system and accompanying support system (s housed in an environmentally protected and maintenance accessable vehicle. The system was designed to work as the vehicle moves over the track at speeds of 5 to 30 mph. However, we seldom operate the TGC below 10 mph and on Class II and III trackage rarely exceed 25 mph.

FIGURE 1. IOWA TRACK GEOMETRY CAR
Efficiency, safety, courtesy, and goodwill point toward cooperation between the Iowa DOT and railroads operating in Iowa. To obtain this cooperation we have made it a policy to obtain inspection permission by working with railroad officials to resolve any differences before scheduling a measurement test.This unique state-owned inspection vehicle has been operating in Iowa for approximately two years. During this time our staff has emphasized the field use of the car with most of the development work in terms of reports and procedures aimed at roadmasters and lower levels of rail management. To this end we have been successful and find both the car and its reports to be well received by railroads operating in Iowa.

Data collected by the Iowa TGC is r̂ecorded on analog strip charts and niagnetic tape. The strip chart has t\̂vo traces for measured data and three traces for marked events -- manually ihputed on-the-ground location markers such as bridges, crossroads, switches, etfc. Since only one recorder unit (figure 2) is used on the Iowa TGC all strip charts must be returned to our central office to be copied before being distributed to the division office of the tested railroad. The rail carriers are asked to evaluate the charts and set priorities for their work forces. To correct critical areas the on-board rail representative is asked to keep a log so that such areas can be immediately repaired.

FIGURE 2. ANALOG RECORDER UNIT
Deviations in track measurements can be quickly and easily located on strip charts. We have found this format to be inexpensive and relatively easy to comprehend. However, the bulkness of the material, 31.68 inches of chart to one mile, and the non numerical form of the data together limits the application of the information to statewide analysis of the railroad network.Equipment recently installed as part of the FRA research contract (figures 3 and 4) gives the Iowa TGC the capacity to be interfaced with our data processing center; Numerical data can
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now be recorded on magnetic tape fo r  
measurements collected at increments of
4 .5  fee t while the vehicle is operating  
at 25 miles per hour. This numerical 
data provides a base fo r calculating  
the geometry ratings discussed else
where in th is  rep o rt.

O n-board data analysis is perform ed  
on a programmable calculator which 
functions as a minicomputer. T he  cal
culator was found to be more depend
able than a minicomputer when sub
jected to the conditions encountered on 
tra c k  vehicles. Through special so ft
ware programs we can use the calcula
to r  in a parallel operation th e reb y  e x 
panding its capacity without losing in 
puts when it  is operating in a calc 
mode. This onboard processing exa
mines each reading fo r deviations ex 
ceeding FRA tra c k  safety s tandards. 
Upon detection of a reading g reater  
than standards the violation and its 
location is identified  on the calculator 
output tape in the format shown in 
fig u re  2. This deviation listing  is 
tu rn ed  over to the railroad represen
ta tive  at the end of each tes tin g . 
Hopefully th is  listing will replace the  
use of s trip  charts and inspection logs 
in locating deviations fo r the ra ilroads.

FIGURE 3. MAGNETIC  
TAPE SYSTEM

CREW REQUIREMENTS

One of our prim ary concerns is the  
safe and effic ien t operation of the Iowa 
T G C . This concern is best resolved  
when the vehicle is staffed by a tw o-

FIGURE 4. PROGRAMMABLE 
CALCULATOR

man crew . One man is needed to con
tro l the operation of the vehicle and 
one man handles the instrum entation. 
We have found the  best operating pro
cedure to be when a railroad represen
ta tive  and a state TGC operator work  
together.

The railroad representative  drives  
the vehicle while it's  on the tra c k . 
This provides fo r safe o n -tra c k  opera
tion of the vehicle since the on-board  
rail representative  is usually fam iliar 
with the te r r ito ry  being tested . This  
individual knows the operating rules 
fo r h ig h -ra il vehicles and is put in a 
position to ensure they  are followed.

By precedent the cost of providing  
a railroad representative  is absorbed 
by the railroads. To eliminate the lia
b ility  exposure to the railroads when 
th e ir  employees d riv e  the TGC the  
Iowa DOT has purchased a special lia 
b ility  insurance package. The rail re 
presentative is also requested to assist 
in placing the TGC on and o ff the  
track  and to handle any necessary rail 
communications.

Presumably the railroads will con
tinue to provide representatives who 
are involved in tra c k  maintenance. We 
believe it is best to have a representa
tive  at or above the tra c k  supervisor 
level so th a t any information developed 
by the Iowa TGC will be b e tte r u n d er
stood on the spot. However, the  
prime function of the representative  is 
to assist in the safe operation of the  
Iowa TGC through knowledge of the
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te r r ito ry  and the  rank of the rail re 
presentative remains a t the  discretion  
of the ra ilroad .

FIGURE 5.
SAMPLE O N-BO AR D O U TPU T TAPE

DATE .
22 NOV 76

RAILROAD
02 C&NW

RR D IV IS IO N
03 IOWA

RR SU B D IV IS IO N  
06 ANKENY

FRA TRAC K CLASS 
2

S TA R T MILEPOST  
MP
390.00

STOP MILEPOST  
MP
391.00

TGC OPERATOR  
DALE CHRISTOPHER

RR OBSERVER  
REX HALL

G A G E ******  -0 .6 3  
MP 390.25

G A G E ******  1 .83  
MP 390.76

FRA
X L E V E L ****  3 .20  CLASS 2

MP 390.46 V IO LA TIO N S

X L E V E L ****  -4 .1 0  
MP 390.97

A state TGC operator drives the  
Iowa TGC to and from the testing  
sites. The operation of the  in s tru 
mentation and minor in th e  fie ld  main
tenance duties req u ire  th a t the  state  
TGC operation be well versed in the  
technical components of th e  Iowa TG C . 
For th is Reason it  would be d iffic u lt to

loan out the  Iowa TGC to individual 
railroads fo r p riva te  te s tin g . Freeing  
our man from d riv in g  the  vehicle while  
on track  allows him to ensure proper 
testing  procedures are followed and to  
mark the  s trip  charts in term s of on 
the ground location m arkers such as 
bridges, road crossings, etc.

SCHEDULING PRACTICES

The practices adopted fo r schedul
ing a ffect the  overall e ffic iency of ve 
hicle operation and our relationship  
with the railroad companies serving  
Iowa. Poor scheduling practices cause 
tr ip  cancellations, an im proper ratio  of 
idle to testing  tim e, substantial dead
heading and shortfa lls  in achieving  
production objectives. C u rre n tly  the  
Iowa TGC is perform ing inspections 
nearly  80% o f the  time in the standard  
w orkday. The remaining 20% of the  
time is consumed by between site 
tra v e l, scheduling delays and lig h t 
maintenance. To obtain th is  high p ro 
d u c tiv ity  the vehicle receives its nor
mal maintenance work on weekends so 
th a t the car is ready fo r  testing  d u r 
ing the standard work week. A te n ta 
tiv e  testing schedule is prepared by  
the state TGC operator to meet the  
production objectives of the Iowa DOT  
- -  approxim ately 900 miles par month. 
Approval of the  schedule by the  d iv is 
ional railroad engineers of the tra c k  
segments being inspected is then re - ' 
quested. When a fu ll month's schedule  
if  firm ly  established it  is sent in w r it 
ten form to those division engineers  
affected by it .  Th is  work is to be 
completed 30 days p rio r to the  f ir s t  
scheduled measurement t r ip .  T h e  ra il
road to be inspected is reminded of 
the upcoming inspection one week in 
advance of the  scheduled date a t the  
same time arrangem ents fo r meeting the  
rail representatives are completed.

I f  a segment of tra c k  scheduled fo r  
inspection is cancelled we- reschedule  
the segment a t a la ter date. With s u f
fic ien t advance notice of a Cancellation 
we attem pt to fin d  a substitu te  segment 
of tra c k  fo r tes tin g . However, lines 
already scheduled are not readjusted  
to cover the cancellation. I f  i t  is im
possible to fill  the  open time with a
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te s t segment we use the time fo r  ligh t 
vehicle maintenance.

O ur experience with a tra c k  geome
t r y  measurement car has identified  sev
eral scheduling principles th a t have 
broad application. Perhaps the  fo re 
most princip le  is to make the tr ip  as 
unobstrusive to normal operations as 
possible. Th is  is followed closely by  
provid ing suffic ien t advance notice to 
th e  railroads fo r tr ip  requests. Sched
uling practices such as never sched
uling more than th ree  days in a given  
roadmaster's te r r ito ry  during  a single 
q u a rte r were then developed from e x - . 
perience.

ASSISTANCE TO  A V ISUAL INSPEC
T IO N  PROGRAM

The basic purpose of the tra c k  ged- 
m etry inspection program is to rap id ly  
id en tify  tra c k  segments containing geo
m etric configurations which may be 
associated with tra in  derailm ents. With 
the Iowa TGC .w e can- annually inspect 
all of the rail lines within Iowa fo r de
viations in gauge and cross levels as 
compared to Federal Safety S tandards. 
Identification of such deviations is 
then expected to result in .remedial 
actions by the appropriate railroad  
companies.

Operation of any tra c k  geometry  
vehicle over a tra c k  segment will not 
guarantee identification of all rail de
fects since geometry measurements only  
address a few of the-deflects th a t con
tr ib u te  tô  derailm ents. This is espe
c ially  tru e  of the Iowa TGC since it  
fa ils  to measure all of the more common 
geometric' measures such as alignm ent, , 
p ro file , and cu rva tu re . Visual tra c k  
inspections can consider all known 
safety standards however, they, are  
more time consuming, are subject to 
human e rro r , and cannot uniform ly be 
used on an en tire  rail system. A jo in t 
program of visual and geometry vehicle  
type  inspections may provide the  max
imum re tu rn  fo r the dollars invested in 

. an inspection program.
The Iowa DOT has developed a TGC  

p rio rity  ranking system , in an e ffo r t to 
focus the  inspection e ffo rt on those 
tracks  most like ly  to incur tra c k  p ro b 
lems. The criterion  fo r  th is  ranking

includes; 1) Service life  fon compon
ents of tra c k ; 2 ) Segment derailm ent 
h is to ry; 3 ) Segment deviations from  
FRA standards; 4 ) Elapsed time from  
last TGC inspection; and 5 ) Elapsed 
time from last visual inspection. 
These c rite ria  are weighed on th e ir  
re lative  importance and fo r  tra c k  class 
to compute individual tra c k  segment 
rankings. The th ru s t of th e  TGC in 
spection p rio rity  ranking  system is to' 
provide a guide to th e  Railroad Division 
of the  Iowa DOT in th e ir  routine sche
duling of visual inspections. Division 
personnel incorporate as many of the  
high ranking tra c k  segments into the  
next q u arte r's  operating schedule as , is 
consistant with geographic locations* 
climate, special o rd er runs and other 
constraints on scheduling.

GEOMETRY MEASUREMENTS USED FOR 
PLANNING

A wide v a rie ty  of techniques, mod
els, and simulations ex is t fo r tran sp o r
tation p lanning , how ever, few of them 
have been adapted to statewide rail 
planning. This analytical void has re 
sulted of the  absence of rail data 
needed fo r planning purposes. The  
Iowa DOT has been able to use the  
Iowa TGC to collect the data necessary 
to s ta rt adapting these techniques to 
railroad p lanning.

The information collected by the  
Iowa TGC has been used to develop a 
track  geometry ra ting  system. This  
system provides a numerical rating  
which represents tra c k  conditions fo r  
each mile of rail trackage in Iowa. 
The purpose behind th is  system is to 
provide adm inistrators w ith a guide fo r  

1 programming construction funds so as 
to maximize benefits from project in 
vestm ents. Th is  is a problem area 
th a t the  Iowa DOT c u rre n tly  faces with  
its Branch Line Assistance Program  
and expects to encounter when w ork
ing with the Federal Rail Service Con
tinuation Assistance Program . The  
tra c k  geometry ra ting  system can also 
be used to monitor maintenance prac
tices . A year to year comparison of 
ratings will indicate th e  ra te  o f p ro
gress, or lack of progress, being made 
in railroad maintenance.
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The ra tings are  computed on a 30 
point base, 15 points each fo r gauge 
and crosslevels in relationship  to a p re 
determ ined set standard indicating  
overall tra c k  condition. A ra ting  of 30 
points indicates trackage  where gauge 
and crosslevels are well w ithin FRA 
standards fo r  a , p a rticu la r class of 
tra c k . ,.  !

Tf)e tra c k  geom etry ratings are  
summarized on colored maps and in a 
tra c k  geometry log. Colors used on 
the  maps indicate w hether the track  
geometry is good, fa ir ,  or c ritica l. 
Rating d is tribu tion  fo r  each tra c k  class 
is shown in Table 3 . Detailed descrip 
tions of tra c k , geom etry conditions are  
as follows:

Good: Gauge and cross levels are
ty p ica lly  well w ithin FRA 
lim its; occasional deviations  
may be found .

Fair: Gauge and cross levels f r e 
q u en tly  approach FRA limits; 
tem porary slow orders may 
be common.

C ritica l: Deviations in FRA standards
fo r gauge and cross levels 
are like ly  to be so freq u en t 

. th a t s ig n ifican t maintenance 
e ffo rt may be requ ired  to 
maintain th e  present FRA 
tra c k  class; slow orders are  
like ly  to be in e ffec t fo r ex 
tended periods of time.

TA B LE 3. R A TIN G  
D IS T R IB U T IO N

FIGURE 6. TRAC K GEOMETRY  
R A TIN G  LOG

Figure 6 is a page, from the  tra c k  
geometry log. Entries in th e  log in 
clude locational inform ation, a partia l 
rating  fo r gauge and cross leve l, a 
total ra ting  fo r each one-mile tra c k  
segment and weighted ra ting  fo r longer 
segments.

The results of the  tra c k  geometry  
ratings are  summarized in Table  4. 
Almost 900 miles of tra c k  have not 
been ra te d . The Critical mileage in 
Table 4 would include 221.1 miles of 
tra c k  th a t could not be rated because 
the  tra c k  was e ith er out of service or 
in such bad condition th a t the Iowa 
TGC was unable to operate. 

v A tra c k  geometry ra ting  system  
must not be considered as an overall 
sufficiency ra tin g . O ther factors  such

i ,

Condition

FRA TR A C K  CLASS Good Fair C ritical

IV  (H ig h  Speed) 2 8 .0 -3 0 .0 2 3 .0 -2 7 .9 , 0 .0 -2 2 .9

m 2 7 .0 -3 0 .0 2 0 .0 -2 6 .9 0 .0 -1 9 .9

II 2 5 .0 -3 0 .0 1 8 .0 -2 4 .9 0 .0 -1 7 .9

1 (Low Speed) 2 1 .0 -3 0 .0 1 5 .0 -2 0 .9 0 .0 -1 4 .9  1
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as ra il, t ie , and roadbed condition, 
ton miles, service freq u en cy , access to 
alternate modes and energy usage must 
eventually  be worked into a fina l ra t 
ing . The conceptual design fo r  such a 
rating system capable fo r comparing a 
given segment of track  to o ther seg
ments being developed as p a rt of the  
FRA sponsored research contract with  
the Iowa D O T. When completed th is  
objective rating  would be of g re a t as
sistance in planning the programming 
of public funds going into tra c k  reha
b ilitation .

geometry data, so th a t, appropriate  
systems fo r the  analysis of railroad  
tra c k  are developed.

TABLE 4
SUMMARY OF IOWA TRAC K GEOMETRY RATINGS

FRA T rack
Class _____ G o o d______________ Fair _____ Critical

Miles % Miles % Miles ------- 5 " Miles T “

IV 479.4 70.0 205.5 30 .0 0 .0 0 .0 684.9 100.0

I I I 1853.0 54.5 1480.6 43 .6 65.9 1 .9 3399.5 100.0
II 451.1 68.7 184.9 28.1 21.0 3 .2 657.0 100.0

1 1170.6 64.8 434.0 2 4 .T 200.7 11.1 1805.3 100.0

Total 3954.1 60.4 2305.0 35.2 287.6 4 .4 6546.7 1O0.O

CONCLUSION I

I would like to close, by expressing  
my j belief th a t track  geometry vehicles 
will assist in solving many of the p ro 
blems found on statewide rail netw orks. 
Whether used in an enforcement or ad 
v isory mode of inspection the tra c k  
geometry vehicle will assist railroad  
companies in developing maintenance of 
way programs th a t maximize limited 
railroad fu n d in g . As a uniform data 
collection technique the track  geometry 
vehicle will supplement the rail p lan
ning e ffo rt of individual states. This  
dual need fo r tra c k  inspection and data  
collection will be an incentive, fo r o ther 
states to purchase and operate th is  
type  of equipm ent. By sponsorship of 
studies like th e  Iowa T ra ck  Geometry 
Car Research Project the Federal Rail
road Adm inistration is expanding the  
application and in terpretation  of tra c k
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F E A S IB IL IT Y  OF ROLLING STOCK PERFORMANCE DETECTIO N
V IA

AN INTEG RATED MODULAR WAYSIDE APPROACH

BY

J .D . FERGUSON

IN TR O D U C TIO N

T h e  Federal Government has in it i
ated R&D projects - to help find  
solutions which will aid in reducing the  
occurrence of ra il-veh ic le  caused acci
dents . FRA e ffo rts  to support 
research and development on automated 
tracks id e  performance detection equip
ment and techniques are  underway to 
increase fa u lt detection efficiency and 
re lia b ility , and to u tilize  a la rg er data 
sample fo r decision m aking. The re 
sults of these e ffo rts  will be. made 
available to in d u s try  to aid them in 
th e ir  performance detection activ ities .

One p a rt of FRA's e ffo rt is to 
sponsor research and development 
studies on rolling stock performance  
detection via an in tegrated  modular 
wayside approach. Th is  approach 
involves in tegrating  various types of 
detection devices and equipments to 
sense, analyze , and display degraded  
perform ance of rail vehicle and rail 
vehicle components. Essential to th is  
approach is th e  establishment of a re 
search capab ility . This, capability  is 
being established a t T T C  and will p ro 
vide FRA w ith a tool fo r studying  
various approaches to in tegrating  and 
evaluating new and existing types of 
detection devices. The  sensors and * 1975

(1 )  B ra y , D . E . ,  “Railway Accidents  
and Nondestructive Inspection,"  
Paper No. 7 4 -W A /R T -4 , presented  
at th e  W inter Annual M eeting, 
American Society of Mechanical En
g ineers , NeW Y o rk , Nov. 1974,
1975 Rail Transportation  Proceed
ings, American Society of Mechan
ical Engineers, New Y o rk , ASME 
1976.

equiprhent utilized in these studies will 
be those which will have the  greatest 
positive impact on accident statistics  
and economic considerations.

A C C ID EN T S T A T IS T IC S  AND E C O  . 
NOMIC CONSIDERATIONS

Accident statistics from FRA and 
AAR data were analyzed fo r the  years  
1968 to 1972(1) as well as fo r the  year 
1974 (T ab le  1 ) .  The 1968-1972 five.- 
year averages minimize periodic flu c tu 
ations from the data and presents a 
more realistic  analysis o f the d is tr ib u 
tion (percentages) and severity  of fa il
ures. The magnitude of th is  co n tri
bution is listed by component and in 
the order of severity  based on the  fo r 
mula:

S everity  Factor =

failures/com ponent group x 
total component fa ilu res

accident cost/component group  
total cost of component accidents

It  was found th a t equipment fa ilures  
account fo r an average of 1 ,856 acci
dents per year a t a cost of $41.7 m il
lion (1973 do llars) per year in damage 
to rail vehicles and roadbeds. The  
th ree  major fa ilu re  groups account fo r  
more than 81% of equipment related  
accidents and 84% of the  accident cost. 
Total dollar damage data is given in 
Table 2. Additional losses are in cu r
red due to damage to lading (goods), 
liab ility  paym ents, tra in  delays and 
tra in  re -ro u tin g  and are not accounted 
fo r in Table 2.

The accident statistics and economic 
considerations make it  im perative th a t

J o h n  D .  F e r g u s o n  h a s  s e r v e d  a s  P r o j e c t  M a n a g e r  f o r  F R A 's  O f f i c e  o f  R a i l  S a f e t y  R e s e a r c h  s i n c e  1976. F e r g u s o n  
i s  a  g r a d u a t e  o f  L i n c o l n  U n i v e r s i t y .  P r i o r  t o  h i s  p r e s e n t  p o s i t i o n ,  h e  w a s  w i t h 1 t h e  N a v y  a s  a  P r o j e c t  
E n g i n e e r .

i
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Component Failure  
Group

Percent of 
Failures

S everity
Factor

Percent of 
Accident Cost

Wheels and Axles 39 .2 2410 58.2

T ru c k  Equipment 2 0 .9 256 15.6

Couplers, D ra ft Gear 
and Related Parts 21.1 185 10.2

Brakes (hand brakes; a ir  
brakes, brake rig g in g ) 10 .8 35

C ar S tru c tu re
Locomotive
Others

8 .0 49
16.0

TABLE 1. RAILED VEH IC LE COMPONENTS FA ILU R E, S E V E R ITY  AND COST

YEAR
DOLLAR
DAMAGE* YEAR

DOLLAR
DAMAGE* YEAR

DOLLAR
DAMAGE*

1975 44,853,000 1972 34,613,000 1969 47,778,000

1974 53,562,000 1971 36,867,000 1968 41,118 ,000

1973 43,580,000 1970 35,786,000 1967 37,320,000

*  Note: Equipment caused derailments total do llar damage reported .
Damage includes tra c k  plus equipm ent losses from derailm ent.

TABLE 2. DOLLAR DAMAGES A T T R IB U T E D  TO A C C ID EN TS

reliable detection approaches and techr 
niques be developed to inspect 
components and component assemblies 
throughout th e ir  useful life . Economic 
benefits will be realized by minimizing 
prem ature replacement o f components 
and assemblies and by tim ely replace
ment of c ritica lly  defective components.

CURRENT (jSAGE OF PRESENT DAY  
DETECTION DEVICES

The ’ c u rren t usage of detection de
vices is characterized by the fa c t th a t
(1 )  each device produces in d iv id u a l, 
isolated outpu ts, (2 )  detection is based 
on sensing a critica l condition in a sin
gle parameter before an a le rt or alarm  
status ex is t, and (3 )  many detection  
devices include human judgm ent in the  
assessment , of a critica l co n d itio n (s ). 
Detection devices are p resently  used 
by railroads to detect hot boxes, o ver

heated wheels, loose wheels, broken  
flan g es, wheel surface defects, Wheel 
fla ts p o t, dragging equipm ent, high and 
wide load, shifted load, and L /V . The  
visual observer is also used to detect 
many of these abnorm alities. O ther  
detection devices which have potential 
fo r  usage in component performance  
detection include a braking  inspection  
system , in fra red  im aging, closed c ir 
cu it T . V . ,  and acoustic detection of 
cracked wheel p late. While many of 
these devjces are used by some ra il
roads, many other railroads fa il to use 
these devices because, of the  in itial in 
vestm ent, operating cost, and because 
of the  none existence of data to sup
port the  effectiveness of these devices 
in detecting fa u lty  performance of ro l
ling stock. P resently , hot box detec
tion systems are the most w idely used 
detection devices by the  railroad in 
d u s try . r

1 6 6
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In view of today's increasing com
ponent related accidents, a need exists  
fo r  research of potential improvements 
in th e  integration and application of 
new and existing types of rolling stock 
perform ance detection devices as iden
tified  by in d u stry  and the  governm ent.

AN FRA WAYSIDE DETEC TIO N  RE- 
SEARCH AND DEVELOPMENT EFFORT

In an e ffo rt to help establish a data 
base to support technical and economic 
decisions, FRA is supporting research  
using various types of detection  
devices which are c u rre n tly  being 
m arketed or in some usable, laboratory  
state of development. Emphasis must 
be placed on types of detection  
devices, ra th e r than on the

This Wayside Detection Facility is 
composed of a group of detection sys
tems with sensors located both in -tra c k  
and on transportab le  stands along side 
the track  (f ig u re  1 ) .  The  tra n s p o r
table sensor system and a van con
taining processing, recording and1 d is 
play electronics comprise th a t portion  
Of the fa c ility  th a t can be moved to 
conduct measurements a t o ther critical 
track  locations. Consists will be mon
itored during  passage over an in s tru 
mented rail section in o rder to detect 
vehicle perform ance characteristics and 
component defects such as: car d y 
namics, skewed axles and tru c k s , 
sticking or inoperative  b rakes, o ver
heated bearings, cracked or broken  
wheel p lates, flanges and rid ing  s u r-

IN TEG RATED MODULAR WAYSIDE DE
T E C T IO N  RESEARCH F A C IL IT Y

One FRA sponsored research project 
is the development and utilization  of an 
In teg rated  Modular Wayside Detection 
Research Facility  being established at 
T T C  to automatically detect and iden
t i fy  defective equipment during  normal 
tra n s it o f consists.

measurements to be made include  
w eigh-in-m otion, high and wide load, 
L /V  ratio and shifted load..

Facility Usage Objectives

The In tegrated  Modular Wayside 
Detection Facility  provides the nucleus 
Of the Wayside e ffo r t. Th is  Facility  
will be used as an R&D tool by the
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FRA to:

\ 1

0 Study the safety and economic 
benefits of simultaneous usage of 
detection systems to monitor 
hazardous vehicle performance  
and vehicle-component cpnditions.

\
0 T e s t, evaluate and derripnstrate 

various types of detection Systems 
and devices. \

' 0 Aid in the development o f detec
tion systems fo r high speed con
sists. \

\
0 Generate design, performance and 

economic data fo r in d u s try 's  use 
in constructing automated wayside 
detection facilities.

0 Establish a data bank of compon
ent defects as a function of o u t
put signature fo r various detec
tion systems and devices.

0 Detect and classify defects in ve 
hicles components on consists.

0 S tudy data management (p ro 
cessing, storage, re tr ie v a l, d is
p lay) and analysis techniques to 
improved utilization of wayside 
systems.

Anticipated Benefits

The following benefits are expected  
to result, from modular in tegration  of 
sensor system responses, v ia  an auto
matic data analysis processing system:

Alarm Hardening -  combination of 
sensor system responses and 
automatic data/s ignal analysis is 
expected to yield a s ign ificant re 
duction in the false alarm and 
failupe-to-alarm  rates associated 
with the individual sensors, as 
well as an improvement in the  
capability to id en tify  and validate  
the qature of the defect g iv ing  
rise to the alarm.

6 Improved Reporting -  automatic 
analysis of the responses of a 
combination of sensors will resu lt 
in near real-tim e rep o rtin g  fin a

form at which not only identifies  
alarm with, its source, bu t iden- 

: tifies  each-source in .an  operation
a lly  e ffic ien t sequence, \ ( e .g . , '  
c a r, t ru c k , ax le , wheel, e tc .)

0 Configuration F lex ib ility  -  modular 
in te g ra tio n , employing a program 
mable analysis and., rep o rt pro
cessor, will -permit.’v-xoh;fi;guration  
of each fa c ility  to- economically 
satis fy  individual ’ site re q u ire 
m ents, including fu tu re  modifi
cations to upgrade or augment a 
fa c ility .

0 Configuration Economics -  in te 
gration and automation of fac ility  
equipments and operations are ex 
pected to resu lt in s ign ificant p ro - 

y curem ent and operating economics 
\  by elim inating redundant sensor 
\  system components ( e . g . ,  power 

Y  supplies, housings, signal p ro - 
\  cessing, and specific sensor 

\  elements such as IR d e tec to rs ), 
\b y  obsoleting the need fo r spec

ific  costly sensor system compon
ents ( e . g . ,  s trip  c h art re 
c o rd e rs ), and by v ir tu a lly  elim
inating the  requirem ent fo r man
ual operation and data analysis.

In addition to the  immediate benefits  
associated w ith an Automated Wayside 
Detection F ac ility , there  are numerous 
ancillary  b u t no less significant advan
tages:

0 Standardization -  deployment of 
these fac ilities  is expected to re 
su lt in the practical s tandard i
zation of (a )  equipment in te r 
faces; ( b )  alarm defin ition , in te r 
p re ta tio n , validation (th e re b y  
elim inating most of the  judgmental 
factors e x ta n t) , and improved in 
spection practices, procedures  
and requirem ents.

0 T rack in g  -  th e  inherent capability  
of the  fa c ility  processing equip
ment will perm it automatic tra n s 
mission of vehicle ID / location, 
and associated fa u lt data to a cen
tra l data bank, th ereb y  provid ing  
tre n d  data and fa ilu re  h is tory  in 
formation which may be utilized
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fo r  individual car tra c k in g  as well 
as fo r  large-scale fa ilu re  analysis.

0 Sensor Evaluation -  th e  data col
lection, reduction and display cap
a b ility  of the  fa c ility  processing 
equipment will perm it onsite test 
and evaluation of .new and addi
tional sensor types to  determine  
su itab ility  of such equipm ent in 
th e  proposed ra ilroad en viro n 
ment.

Capabilities

The Wayside Detection Facility , 
th rough the combination of sensor sys
tems and processing equipm ent, will be

Detection Devices

Hot Box Bearings

Sticking B rake Wheel Rim

Cracked Wheel Plate Wheel Plate 
(A coustic)

capable of monitoring the following car 
components and param eters, as a min
imum:

0 broken and overheated bearings  
(journals and ro lle r );

0 loose wheels, broken wheel 
flanges, worn flanges, cracked  
wheel plates and surfaces, wheel 
fla ts  pots;

0 sticking and inoperative brakes;

0 brake rigg ing  coming down, d ra g 
ging chains, brake  hoses and 
cables, e tc .;

B raking System C ar S tru c tu re

Brakes

Wheels and Axles T ru cks  Couplers

D ragging Equipment

High and Wide Load

Closed C irc u it T V

Therm al Vision 
( In fra re d  T V )

T ru c k  Couplers Brakes

T ru c k  Couplers B rake

Brakes
Wheels & Bearings

S tru c tu re

S tru c tu re /L o ad

S tru c tu res

L /V T ru c k Brakes

B raking  Inspection B raking

Loose Wheel-  
Broken Flange Wheel Flange

Cracked Wheel 
T read  (U ltraso n ic) Wheel Tread

Cracked Wheel 
(M agnetic) Wheel

Wheel
Tread
Flange

Wheel Flatspot Wheel Tread \

W e ig h t-1 n-Motion Wheel
Axles

T ru c k B raking

TABLE 3. D ETEC TIO N DEVICES AND DETECTED PERFORMANCE
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0 car dynamics, skewed axles a n d / 
or tru c k s , shifted or excessive  
loads;

Table  3 shows the performance areas 
each of the  detection devices will 
sense.

Configuration

The basic Wayside Facility  con
fig u ra tio n  will include th e  following  
sensors and sensory systems:

0 Hotbox -  Sticking Brake

0 Cracked wheel surface (u lt r a 
sonic)

0 Cracked wheel plate (acoustic)

0 Braking inspection

Sensors not incorporated in the  
basic fac ility  configuration due to cost 
o r schedule constraints, as well as any  
newly developed or additional sensors, 
will be incorporated as funds and sen
sors become available. , A lis t of those 
sensor systems is given below.

0 Loose wheel -  broken flange

0 Cracked wheel surface (m agnetic)

0 Wheel flatspot

0 Dragging equipment

0 Weigh-in-motion

0 L /V

0 High and wide load 

0 Shifted load

0 Displacem ent/Velocity/Acceleration

0 Car counter and identification

0 Still camera (w ith  time re ference)

0 Motion p icture cam era /G C T V / 
Videotape

0 Thermal images

PRIMARY DESIGN GOALS AND 
RESEARCH A C T IV IT IE S  SCHEDULE

Design Goals

Th is  fa c ility  will be used fo r con
ducting research on in tegrating  the  
electronic signal outputs from various  
types of detection devices into a mean
in g fu l, functiona l, and economic sys
tems approach to rolling stock p e rfo r
mance detection .

The prim ary  design goal fo r the  
wayside fa c ility  is automatic monitoring 
of rolling stock and identification of 
m alfunctions, defects , fa ilu res  and key 
performance param eters. The achieve
ment of th is  goal will perm it timely 
corrective  action, w ithout impeding 
normal rail tra n s it  during  the moni
toring  operation. Th is  goal will be 
accomplished by in tegrating  the  equip
ment, instrum entation and responses of 
various acoustic, u ltrason ic , magnetic, 
in fra -re d , mechanical and optical sen
sor systems, whose outputs will be 
analyzed by a computerized processing 
u n it, (see fig u re  2 ) .  The processing 
u n it minicomputer will produce a near 
real-tim e diagnostic re p o rt, on both 
hardcopy record and CRT d isplay. 
This rep o rt will id en tify  the nature  
and magnitude of defects and key p a r
am eters, and th e  car and component 
with which each defect or param eter is 
id en tified . The wayside fa c ility  is in 
tended , p rim arily , fo r installation a t 
switching and tra n s fe r points, and 
w ill, th e re fo re , be operational w ith  
consists trave lin g  a t speeds between 5 
mph and 50 mph. A number of the  
component sensor systems however, 
are capable of individual operation with  
consists trave lin g  a t much h igher 
speeds.

The  wayside fa c ility  design concept 
represents a major attem pt to advance 
the  capability  of railroad sensor sytems 
to provide m eaningful, reliable diagnos
tic  information in an e ffic ien t and time
ly  m anner. In tegration  of sensor sys
tem responses will provide more accur
ate identification of the n a tu re , mag
nitude and location of defects than is 
c u rre n tly  obtainable from individual 
sensor responses, and will s ign ificantly  
reduce the incidence of false alarms.
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Instrumented Track (Detection Sensors)

FIGURE 2. INSTRUM ENTA TION SCHEMATIC

Automation of the  analysis and 
reporting  processes will perm it near 
real-tim e diagnosis, as compared with  
delayed manual data reduction c u rre n t
ly requ ired  to analyze the responses of 
several of the  newer sensor systems. 
Modular design of the  fa c ility  systems 
will perm it complete fle x ib ility  in the  
selection of sensor systems to be in 
corporated in the tra c k  instrum enta
tio n , including subsequent additions  
and deletions based upon operational 
needs an d /o r new sensor develop
ments.

Research A ctiv ities

The research activ ities of th is  
fa c ility  will be inclusive o f, bu t not 
limited to the (1 )  in tegration  of:

0 various electronic detection de
vices (m odular approach);

6 electronic signal outputs from v a r 
ious devices;

0 output displays from various de
vices;
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0 techniques utilized to in te rp re t  
basic data measurements, and

(2 )  conduct of studies on:

0 the  standardization of signal o u t
p u t levels and signal formats fp r  
various detection devices;

0 the  use of a s ingle, signal p ro 
cessing and in tegrating  systems;

0 data processing, storage and re 
tr ie v a l;

0 transmission and display, of raw  
data;

D th e  reduction and analysis of 
/  basic data into statistical and 

functional parameters or v a r i
ables.

Additional research activ ities will be 
included as the need and resources  
become available.

The wayside fa c ility  development 
e ffo rt will be executed in th ree  succes
sive stages. The design and basic 
fa c ility  implementation stage is 
scheduled fo r  completion in June, 
1978. The basic R&D fa c ility  will 
consist o f an instrum ented bypass 
tra c k  a t T T C , to be completed in A p ril
1978, and an instrum ented van. which 
will be the  fa c ility 's  operations control 
cen ter, containing the  interfaces to the  
sensor systems a n d , the data pro
cessing and display un its . T ra c k  in 
strum entation fo r the  basic R&D fa c il
ity  will include fo u r sensor systems 
(b ra k e  inspection, hot b earin g s ,, 
cracked wheel p la te , cracked wheel 
su rfa ce ). Candidate additional sensors 
fo r  the basic fa c ility  include w eigh- 
in -m o tio n ,. high and wide load, d ra g 
ging equipm ent, L /V ,.  shifted load, 
wheel fla tspot and loose w heel-broken  
flange. Those sensors selected fo r  the  
wayside fa c ility , b lit  not available fo r  
installation during  the  stage-one time 
fram e, will be procured and installed  
during  s tage-tw o. . The basic fa c ility  
sensor systems will be ind iv idua lly  
checked out by running specially p re 

pared consists over th e  instrum ented  
t ra c k .to  determ ine the sensor response 
to known defects. The van processing 
and display equipment and software  
will also be validated to determ ine p ro 
p e r  identification of sensor responses 
to  consist car and component ( e .g . ,  
w h eel). The tes t and evaluation plan 
fo r  th e  second stage will also be de
veloped during  stage-one.

D uring  the second stage of th is  e f
fo r t ,.  the  basic R&D fa c ility  w ill be 
augmented by integration of those ad
ditional sensors selected d uring  stage- 
one, b u t not available fo r  inclusion in 
the  basic system; the  tra c k  instrum en
tation fo r stage-tw o will ultim ately  
consist of approxim ately 10-12 d iffe re n t  
sensor systems. Testing  d u rin g  stage- 
two will be an on-going process, 
u tiliz in g  specially prepared consists to 
v e r ify  sensor system and fa c ility  p ro 
cessing arid , display operation . In te 
gration of sensor systems with the  van 
processing u n it, and augmentation of 
the  processing minicomputer software  
to increase the automatic diagnostic  
and display, capabilities of the fa c ility , 
will be accomplished in a controlled  
succession based upon sensor in s ta l
lation and the on-going tes t results  
obtained.

D uring  the final stage of th is  e f
fo r t ,  beyond O ctober, 1978, the  w ay- 
side R&D fa c ility  will be used to eva l
uate advanced sensor systems, and to 
investigate the operating ranges and 
environm ent of sensor systems on an 
ind ividual basis. The proxim ity  o f the  
fa c ility  to a high-speed tra c k , adjacent 
to the  wayside bypass, will perm it use 
of th e  fa c ility  fo r evaluation of sensor 
systems operating with consists tra v e l
ing fas te r than 50 mph, as well as 
sensors which are not necessarily in 
tended. fo r use in a wayside fa c ility  
configuration . In add ition , it  is an 
tic ipated  th a t normal FAST tra ff ic  will 
be d iverted  through the  wayside b y 
pass . to provide diagnostic data to 
T T C , ! th ereb y  enhancing th e ir  total 
capability  to perform  accelerated  
testing  of rolling stock.

These capabilities/ together with  
th e  necessary research e ffo rt as iden
tifie d  by the  railroad in d u s try  and 
FRA, will provide the means fo r id en ti-

Schedule * 1978
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fy in g  improvements in the utilization  
and effectiveness of in tegrated  modular 
vehicle performance detection devices.
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. EVOLUTION OF THE CONCEPT & PO TEN TIA L OF A 
RESEARCH LOCOMOTIVE AND T R A IN  H A N D LIN G  EVALUATION

■ BY

JOHN T .  WILSON
DSL D YN A M IC  SCIENCES L IM ITED

S ignificant new information leading to  
improved safety of rail operations will 
resu lt from the early  utilization of a 
Research Locomotive and T ra in ' Hand
ling Evaluator. , The program p ro v id 
ing fo r  development of the  final Evalu
ator system concepts is well advanced. 
This paper describes what the program  
sponsors can expect to achieve with 
the  Research Evaluator. Related work 
on locomotive simulator systems in the  
Rail In dustry  is reviewed to demon
s tra te  th a t the  expectations are well 
founded. For inform ation, th e  basic 
concepts to be incorporated in the  
Evaluator system are review ed. An 
attem pt is then made to indicate the  
potential capability of the  system in 
productive new areas of research. 
The latter will lead to a b e tte r u n d er
standing of the locomotive engineman's 
role and the impact of equipment inno
vations or operating procedures which 
may affect the safety and effic iency of 
tra in  operations.

IN TR O D U C TIO N

Many unanswered questions persist 
relatjng to engineman performance and 
the operation of fre ig h t and passenger 
tra in s . The complexity of the dynamic 
man-machine system composed of en- 
gineman and tra in  goes fa r  beyond the  
level of simple control manipulation or 
behavioral response to unambiguous 
inputs. The engineman must retain  
some image of his tra in  and the  unseen 
te rra in  over which he will trave l if  he 
is to in itiate  control changes th a t will 
resu lt in safe, y e t e ffec tive , tra in  
operation. The d ifference between ex
cellent and mediocre tra in  handling can 
be a ttribu ted  d irec tly  to the q u a lity  of 
the  thought process re fe rre d  to above,’

The. mental conditioning, aptitude and 
alertness of the engineman are all re 
flected in his performance a t the  con
tro ls . The  evaluation of engineman 
perform ance can only be accomplished 
objectively in a controlled environm ent 
with a fa c ility  that- has been specifi
cally designed to progress research.

EVO LUTIO N OF RESEARCH EVA LU
ATOR CONCEPTS

H is to rica lly , the  study of "engine- 
m an-tra in" interaction has progressed  
from fie ld  observation on-board a real 
locomotive, to observation in locomotive 
sim ulators. While the simulator p ro 
vided a step upward in terms of e ffec 
tiveness fo r observation and monitoring  
of th e  engineman^ it  must be recog
nized th a t the evaluation of the  s tu 
dent engineman's performance is still 
subjective. The ins tructor provides  
immediate in teraction with the s tudent, 
provid ing  guidance as required to en
courage rapid learning of the basic 
handling sk ills . In the  controlled sim
ulator environm ent, the in s tru cto r can 
"re ru n " a sequence of events to demon
stra te  b e tte r handling philosophies. 
The simulator has at th is point in time 
demonstrated the valuable role i t  can 
play in both in itial tra in in g  and re 
tra in in g  of enginemen.

The  research evaluator system can 
be considered as the next major step  
in the  logical progression of technolog
ical development,, as it relates to the  
study of engineman tra in  in teraction .

The research evaluator will not re 
place tra in in g  simulators in any w ay. 
How ever, th e  evaluator will provide a 
unique capability  which in scope goes 
fa r ,  beyond th a t realized with the sim
u la tor.

Dr. John T. Wilson is  President, DSL Dynamic Sciences Limited in  Montreal, Canada. Wilson received his  
Mechanical Engineering Degree (1962) and la te r , obtained his Ph.D in  E le c tr ic a l Egineering, sp ecia liz in g  in  
r a i l  vehicle dynamics.and optimal control theory.
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Figure 1 is included to graphically  
p o rtray  the  relationship of fie ld  obser
vation , tra in in g  s im ulator, and re 
search evaluator concepts. The re 
search evaluator concepts encompass 
all those which have evolved from field  
w ork and sim ulator application. In 
addition , new capabilities • have been 
conceptually defined . Most s ignificant 
is th e  fa c t th a t the  evaluator will o ffe r  
a uniform objective evaluation of the  
engineman'-s perform ance. A lternate  
cOntrol procedures may be assessed 
w ithout in cu rrin g  bias which may fo l
low n a tu ra lly  from th e  conditioning of 
experienced operating personnel. While 
the  precise nature  Of in -tra in  longitud
inal dynamics has . only recently  been 
dealt with in re a l-tim e , One of the  
evaluator concepts is to have a real
time system, w ith th e  f le x ib ility  to  
accommodate any of th e  documented 
tra in  models which have resulted from  
extensive research programs in the  in 
d u s try .

EVOLUTION OF CAPABILITIES 

FIELD -  SIMULATOR -  EVALUATOR

SIMULATOR
• CONTROL CONDITIONS 

• MONITOR ACTIONS
RERUN TO 

LEARN
FIELD ~M • ROUTINE 

’.OBSERVATION»  EXERCISES 
• INSTRUCTION

RESEARCH EVALUATOR
• EVALUATE PERFORMANCE OBJECTIVELY 

TEST ALTERNATE CONTROLS 

• UTILIZE BEST AVAILABLE DYNAMIC MODELS , 

• LONG OURATION-FATIGUE-RUNS 

> HIGH REALISM IN CAB 

HUMAN FACTORS EXPERIMENTS

•DEMONSTRATE,
NEW

APPROACHES

• DEVELOPE A 
RELIABLE DATA 

BASE ON TRAIN 
HANDLING

FIGURE 1. EVO LU TIO N OF 
SYSTEMS C A P A B IL IT Y

The evaluator fa c ility  will be equip
ped to support all m anner of basic hu 
man factors experim ents. Two main 
areas of research may be denoted. 
The f ir s t  relates to th e  performance of 
the  engineman under several d iffe re n t

sets of conditions presented in normal 
or d iffic u lt road operation. T h e  loss 
of engineman effectiveness w ith fa tigue  
or as a resu lt of undesirable e n v iro n 
mental conditions is a m atter o f con
cern . The second research area is in 
volved with the evaluation of design  
innovations. T h e  ergonomic aspects of 
design changes will be s tud ied , p e r
m itting some optimization of new con
tro ls  or displays from . th e . view point of 
engineman interaction or comprehen
sion .

REVIEW OF T R A IN IN G  SIM ULATOR  
SYSTEMS

T ra in in g  simulators were f i r s t  in tro  
duced to the  rail in d u s try  in 1970. 
Two major operations, T h e  Southern  
Pacific T ransportation  .Com pany and 
The Atchison, Topeka and Santa Fe 
Railway both, embarked on simulator 
based programs in th a t year ( 1 ,2 ) .  
The Canadian National Railways fo l
lowed, in itia tin g  simulator tra in in g  
early  in 1973, and expanding its t ra in 
ing fa c ility  (3 )  w ith more advanced  
simulators in 1974 and again in 1977. 
While all of these systems shared some 
basic design concepts, each of the  fiv e  
simulator realizations has been unique.

In each of the  tra in in g  simulators 
b u ilt to date a minicomputer has been 
included: to calculate the  progression of 
the locomotive over the  te r ra in . The  
same machine has also coordinated the  
visual, sound, motion and d isplay sys
tems which g ive a student the  sensa
tion of rid ing  and controlling the  tra in .  
The degree of realism achieved with  
the  implementation of each of the major 
subsystems has been s ig n ifican tly  d if 
fe re n t from u n it to u n it. To indicate  
the variations in design .some examples 
will be g iv e n .

v Two of the fiv e  simulator units  do 
not replicate fu ll sized locomotive cabs, 
b u t still p rovide tha  complete engine- 
man's w ork space with dimensional 
accuracy. O f th e  fu ll sized locomotive 
cabs, one is a lig h t-w e ig h t mockup of 
a real cab, while the  o ther two are  
actual locomotive cabs produced on the  
assembly lines, o f two d iffe re n t locomo
tiv e  m anufacturers . In every  case the  
w irin g , piping and support s tructures
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have been custom designed, to fac ilita te  
the  interaction of the engineman w ith  
computer interface devices which sim
ulate the re a l-life  locomotive and tra in .

The visual systems implemented 
have been based on both 16 mm and 35 
mm film ing and projection. T h re e  of 
the fiv e  simulators were designed to  
operate with 35 mm film which o ffers  
superior resolution and w ider fie ld  of 
view . While two simulators provide fo r  
rear projection on plain screens, one 
provides a rear projection system with  
a "lens" shaped window to obtain a 
"v irtu a l image" d isplay. Two simula
tors  are equipped with spherical 
screen segments on which images are  
fro n t projected via aspheric m irro rs .

As fa r  as motion systems are con
cerned, ail five  units have d iffe re n t  
capabilities. The amplitude of motion 
provided fo r in each of the principal 
directions and the amount of cab roll 
which may be induced is the same in 
only two of the five  cases.

Figures 2 and 3 are included to 
demonstrate the level of realism ob
tained in the latest T ra in ing  Sim ulator, 
"OSCAR IV " , operated by CN Rail
ways. As fig u re  2 indicates, the in 
s tructor's  module has been in tegrated  
with the fu ll size locomotive cab to 
provide the characteristic appearance  
of a real u n it, complete even to steps 
and handrails . The photograph of the  
student's operating station in fig u re  3 
shows the forw ard view provided by 
the curved screen visual system. A 
computer generated track  pro file  d is 
play and in-cab signal u n it are  also 
shown forw ard of the  s tudent. These  
provide unique tra in ing  cues which 
may be activated at the in s tru cto r's  
discretion.

In fig u re  4 , the fu ll complement of 
instructor's  display and control devices 
is shown. While extensive CRT prom pt
ing is prov ided , the ins tructor can in 
te ra c t with the  controlling computer 
through a numeric key pad and an 
a rra y  of 40 malfunction switches on the  
le ft side of the module. The controls  
at the r ig h t side of the module provide  
fo r mode selection, signal d isplay and 
projector controls. I t  may be seen 
th a t the ins tructor has a clear view of 
the student through a sliding window,

and can monitor both tra c k  pro file  and 
down tra c k  visual d isplays.

FIGURE 2. A MODERN T R A IN IN G  
SIM ULATOR "OSCAR IV"

FIGURE 3 . ENGINEMAN'S C A B --  
OSCAR IV  SIMULATOR

The various tra in in g  simulator in 
stallations re fe rre d  to include s ig n if
icantly  d iffe re n t computer systems. 
Only the two newest units have p ro 
vision fo r realistic  computation of the  
longitudinal dynamic motions w ithin the  
tra in . The  real-tim e computation of 
longitudinal dynamics w ith independent
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motion of all cars in the  tra in  was 
achieved w ith a h yb rid  computer sys
tem introduced by CN Railways in 
1976. T h e  impact of th is  development 
has not y e t been fu lly  assessed in 
tra in in g  since the f ir s t  production h y 
b rid  has to date been utilized exten
sively fo r  engineering research activ 
ities . ,

FIGURE 4. IN STRUCTO R'S  
MODULES FORWARD VIEW

All th ree  railways which have u til
ized simulators agree on the importance 
of the total tra in in g  fa c ility  concept. 
Classroom instruction  and preparatory  
tra in in g  on equipm ent mockups take a 
significant amount o f a student engine- 
man's tim e. Th is  peripheral, ins truc
tion permits most e ffec tive  utilization  
of'tim e on the  sim ulator units.'

DESCRIPTIO N OF THE RESEARCH , 
EVA LUATIO N F A C IL IT Y

The research evaluator fa c ility  would 
be configured to provide a h ighly real
istic locomotive cab environm ent much 
like th a t afforded by the  newest of the  
simulators described in the previous 
section. However, the  construction of 
the cab system would be modular to 
perm it reconfiguration of controls and 
displays fo r  experim ent purposes. To 
demonstrate th e  total complement of 
systems, a schematic of th e , research 
evaluator concept is included in fig u re
5.

RESEARCH EVALUATOR CONCEPT

FIGURE 5. SCHEM ATIC OF THE  
RESEARCH EVALUATOR CONCEPT

A coordinating processor under the  
control of personnel in the experim ent 
control station would d irec t the  total 
complement of subsystems in th e  follow 
ing m anner. Ah effects and display  
contro ller could be dedicated to syn 
chronize all the  significant perceptual 
cues fo r  the engineman. Environm en
tal factors  including tem perature  and 
hum idity would be care fu lly  contro lled. 
A fu ll-fled g ed  visual system fea tu rin g  
m ultiple projectors and spherical 
screen would be required to generate a 
high resolution forw ard d isplay with  
selection of events o n -lin e . T h e  sound 
system, cab motion system, and cab 
instrum ents must all be d riven  to fu lly  
replicate the real life  circumstances in 
all modes of operation. Cab controls  
must be continually monitored as feed 
back to the  coordinating processor so 
th a t the  total system is responsive to 
the engineman's action.

While the  systems described in the  
foregoing could well be included in an 
advanced sim ulator, the unique fe a 
tu res  of the research evaluator will 
.become more evident as the  remaining 
elements in fig u re  5 are discussed. 
As ad d itio n a l. observations or feedback  
to the  experim ent g roup , a comprehen
sive selection of biotechnical variables  
will be monitored to disclose the  con
dition of the  engineman. Telem etry  
links and observer cameras will monitor 
th e  engineman and provide the data  
fo r on -line  evaluation.

Aside from monitoring the  engine- 
man and evaluating his physical con
d ition , it would also be necessary to
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ascertain the  state of his locomotive 
and tra in  system. Both th e  long itu 
dinal dynamics of the , tra in  and the  
characteris tic  dynamic responses of 
selected vehicles in the  tra in  must be 
fa ith fu lly  generated . This requirem ent 
can be met if  dedicated processors are  
employed. As indicated in an earlie r  
paper (4 )  by th e  au th o r, solution o f  
the longitudinal tra in  dynamics equa
tions has not been accomplished in 
real-tim e with an all ’ d ig ital computer 
system. In fa c t, w ith a large com
p u te r such as th e  IBM 360/75, e x p e r
ience has shown th a t computer time 
taken to simulate th e  real phenomena 
would exceed th e  time duration of the  
actual phenomena, by a fac to r of 6 to
10. Nonetheless, ‘ recent developments 
have shown th a t i t  is possible to  
achieve real-tim e solution of th e  tra in  
dynamic equations with an a rra y  Of 
dedicated processors. The objective  
fo r the  research evaluator tra in  action 
hardw are design, is to perm it the  
representation of a v e ry  general model, 
which will allow inclusion of a v a r ie ty  
o f d ra ft  gear performance ch aracteris 
tic s . Complete fle x ib ility  in the  d e fin 
ition of individual cars and th e ir  
braking  equipment m ust also be p ro 
vided fo r . The dimension of the  longi
tud ina l tra in  dynamics problem is fo r 
midable as i t  stands, i t  would not be 
practical to consider all the  degrees of 
freedom or all the vehicles in th e  tra in .  
However, it  would be practical to in 
corporate special purpose vehicle d y 
namics processors to produce th e  re 
sponse of selected vehicles in a tra in .  
T h u s , vehicles which are o f special ' in 
te re s t would be modeled in complete 
d eta il. Lateral loads on tra c k  caused 
by specific locomotives or cars would 
be estim ated.

The  final block included in fig u re  5 
is labeled "O n-line Performance Evalu
ator and Data Base G enerator". All of 
the  s ign ificant inputs  from engineman 
monitor package, longitudinal tra in  
dynamics processor a r ra y > and special 
purpose vehicle dynamics processor 
hardw are feed into the o n -lin e  p e r
formance evaluation equipm ent. Speed, 
cab control information and o ther sig
n ifican t factors also feed ’ fo rw ard  from  
the  coordinating processor. Through

th e  execution of advanced algorithms 
on the  processor based evaluator sys
tem , ah objective evaluation of the  p e r
formance of engineman and tra in  will 
be implemented. T h is  fea tu re  of the  
research evaluator is o f prim ary  im
portance.

U T IL IZ A T IO N  OF THE EVALUATOR

When completed, the  evaluator fa 
c ility  will o ffe r the  in d u s try  a new 
means Of problem solving and in ves ti
gation. In many of the  problems en
countered in road operation the  cap
a b ility  of the  engineman, or the  ade
quacy of information made available to 
him, must be taken into account. For 
management to deal e ffec tive ly  with 
such problems, sound technical data is 
req u ired .

All data relating  to th e  human ele
ment involves statistical varia tio n . In 
o rd er to generate data o f statistical 
significance, closely controlled exp er
iments will be re q u ire d . Even th en , 
careful planning of experim ents and 
screening of subject enginemen will be 
requ ired  to ensure th a t results  are not 
biased by any extraneous fac to rs . 
Once the  nature  of possible investiga
tions has been ind icated , it  should be 
more apparent th a t the  evaluator offers  
the  only practical experim ental ap
proach.

To demonstrate the nature  o f inves
tigations, several suggested .ex p e ri
mental objectives are set put below:

a ) Assess the  basic nature  of the  
"enginem an-train" in teraction . De
term ine q u an tita tive ly  w hat control 
procedures are actually  common.

b ) Assess the degree of variation  in 
tra in  handling as demonstrated b y  a 
significant number of enginemen in 
critica l tra in  control s ituations.

c ) Determine which control procedures  
are most e ffective  in handling over d if 
fic u lt te rra in . T h is  experim ent has 
several dimensions since length and 
consist of tra in  can be varied  as well 
as the severity  and typ e  of tra c k  
undulation.
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d ) Determ ine which control procedures  
are most re liab le  under adverse oper
ating conditions. A selection of th e  
best handling procedures identified  in 
experim ent (c )  above would serve as a 
basis fo r the  s ta rt of th is  experim ent. 
The reason fo r  th is  study is to select 
from th e  good policies those which pro
vide th e  g reatest margin of safety.

e ) Assess the  re la tive  d iffic u lty  o f a 
v a rie ty  of normal tra in -h an d lin g  tasks. 
Indicate which tasks requ ire  greatest 
concentration or precision. In later 
experim ents, it  will then be possible to 
pay special a ttention to performance of 
the most d iff ic u lt  tasks . I t  could be 
conjectured th a t th e  performance of 
these would be the f ir s t  to degrade  
when fa tig u e  and loss o f alertness or 
concentration are experienced. D e te r
mine the  most common types of human 
e rro r  exp erien ced . under demanding 
situations. Rank the significance of 
the e rro r  from th e  viewpoint of impact 
on safety o f operations.

f )  Determ ine the most common types  
of human e rro r  experienced under de
manding s ituations. Rank the  s ig n i
ficance of th e  e rro r  from the viewpoint 
of impact on safety of operations..

g )  Determine which tasks are down
graded or ignored by the  engine-mari 
when he is subjected to high stress, 
long w ork hours , or environmental 
upsets.

h ) Assess the  re la tive  importance of 
human states which a ffec t task p e rfo r
mance. For example, is the State re 
sulting from physical fa tigue equivalent 
to the state resulting  from boredom. 
C ontrast hours o n -th e-jo b  versus  
hours under heavy w orkload. D eter
mine which combinations of tra in , te r 
ra in , and speed create most mono
tonous conditions from the  engineman's 
view point.

i )  Determine the  e ffec t of w o rk -res t  
cycles, the  e ffec t of variation in hours 
worked per w eek, and in the case of 
two-man crew s, determ ine the best 
task rotation schedule.

j )  Determine th e  re la tive  proficiency  
of selected populations Of engineers  
who have been assigned to d iffe re n t 
types of service fo r  extended periods. 
For example, show how skills  d iffe r  
between enginemen from high speed 
short duration runs and enginemen 
from long duration drag runs .

k ) Demonstrate the effectiveness of a l
ternate  tra in in g  or re tra in in g  schemes. 
Examine the performance of individuals  
tra ined under a v a rie ty  of d iffe re n t  
schemes.

l) Assess the m erits of a lternate  de
sign concepts fo r new cab d isp lays, 
c o n tr o l,  and communications or signal 
equipment.

While the lis t o f; objectives is fa r  
from complete, it  includes many ex 
perimental. objectives which could not 
be considered w ithout the  eva luator. 
I t  is apparent th a t much attention will 
be given to performance of the  engine- 
man at times when his task  is most 
demanding. These would be exactly  
the  times when it  would be most inap
propriate  to employ any instrum entation  
or observers in a re a l-life  operation. 
The potentia lly  hazardous situations  
which will be investigated on the  
evaluator, could not be set up with  
iive equipment because of the  risks in 
volved. Indeed, some advantage may 
be taken of the evaluator's  capability  
to simulate in detail th e  events which 
could lead up to an accident. When 
utilized to re -enact events preceding a 
known accident, the  eva luator may 
provide information which would show 
how the accident could be avoided.

CONCLUSION

An e ffo rt has been made to describe  
how the locomotive and tra in  handling  
research evaluator will be configured  
and u tilized . While th e re  are  sim ilari
ties between the evaluator u n it and the  
newest of the engineman tra in in g  sim^ 
ulators, the evaluator will c learly  be 
more complex. Nonetheless, past e x 
perience with tra in in g  units  supports  
the conclusion th a t much beneficial 
research can be perform ed with the

179



evaluator and the  need fo r objective  
evaluation of perform ance.

I t  i§ the author's  conviction th a t  
much can be gained through the  early  
development o f th e  Research Evaluator. 
A b ette r understanding of the engine- 
man's task and normal performance will 
resu lt. T h is , in tu rn , will y ie ld  im
proved safety o f operations, b e tte r  use 
of human resources and, h opefu lly , 
new economics in operation.
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QUESTIONS SESSION III

Session Chairman -

A ttendee: G. P la tt, Phillips Petroleum
Company

Attendees's Question: A t the present
accelerated jevel of investm ent in the  
upgrading of rails and roadbeds, what 
is the  estimate in years to obtain near 
completion of th is  task? The second 
p a rt of the  question, what is the  e x 
pected life  of the  roadbeds and rails  
th a t have been upgraded to date?

R. Parsons: George, its prem ature at 
th is  time to answer your question. As 
p a rt of FRA studies required by sec
tion 504, of the 4R A c t, we are  
w orking w ith the in d u s try  to determine  
the  actual amount of de ferred  main
tenance. The answer to both your 
questions hinges on th is  ra th e r elusive  
f ig u re . Once the  magnitude is agreed  
upon w ith in  the  agency, we'll be in a
b e tte r position to answer meaningful 
questions like yours.

A ttendee: G . P la tt, Phillips Petroleum  
Company , ^

A ttendee's Question: With regard to
the  th ird  p a rt of my question, is there  
any movement in the Federal Railroad 
Adm inistration to furid rail and road
bed upgrad ing .

R . Parsons: The answer is a defin ite
yes. Sections 505 and 511 of the Act 
provide preference share financing and 
loan guarantees to the railroads fo r  
th is  purpose. In addition , the
m ajority  o f the $1 .6  million o f the
public and p riva te  funds fo r  the  
N ortheast C o rrid o r are fo r th is  
purpose. In the last year we in 
research have started to investigate
cost e ffec tive  maintenance of way 

.procedures to help AMTRAK and
CONRAN, and other railroads.sj

A ttendee: E. D ailey, Koppers
Company

A ttendee's Question: Do you a ttr ib u te
any grade crossing accidents to the  
crossings' surface itself?

L. A . Peterson

L. Peterson: A t the  p resen t time the  
collection o f , accident data is improving  
both the typ e  information gathered arid 
its usefulness in  determ ining safety  
tren d s . Inform ation th is  detailed , 
While it would be usefu l, is considered  
a secondary issue. The expense and 
tinoe involved w ith collecting th is  kind  
of data c u rre n tly  offsets its benefits .

Attendee: G . Holabeck, Bethlehem
Steel Corporation

Attendee's Question: F orty -tw o  percent 
of the accidents are a ttr ib u te d  to tra c k  
conditions. , > Could you break th is  
down, by geographical location; n o rth 
east, southwest, , west,; and so forth?

L. Peterson: I don 't happen to have
those figures  a t my fin g e rtip s  b u t, the  
FRA A cc id en t/ln c id en t bulletins break  
down t h e : accidents not only by geo
graphical d is tric ts  b u t also by railroad  
and by state . The  1975 and 1976 
bulletins are c u rre n tly  available from  
the FRA Office of S a fe ty .

Attendee: A . G illisp ie , T ransportation  
Safety In s titu te

Attendee's Question: A re o ther rail
flaw  detection techniques under de
velopment or consideration; in addition  
do you foresee the demise of the  mag
netic particle  technique fo r rapid in 
spection? What means are  now being 
used fo r surface flaw  detection a t high 
speed where visual inspection is im
practical?

H. Ceccon: T h e  FRA is beginning an 
investigation into , the  area of magnetic 
detection techniques. We have a c u r
ren t c o n tra c t. th a t's  looking at data 
processing techniques fo r  systems p re 
sently in the  fie |d . The  e ffo r t is cen
tered around th e  AAR residual mag
netic system and we are  also looking at 
some new magnetic techniques. These 
are problems, how ever, a t high speed 
with magnetic inspections sytems. TWo 
pew techniques being investigated are  
an eddy c u rre n t technique and the use
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of Hall Effect Probes. This work wil! 
be finished in a few months and based 
upon th e  resu lts , we may build a pro
to type and tes t i t  in the fie ld . Re
garding the  rest of your question; no,
I don't th in k  magnetics are on the  way 
o ut. With the T -6  veh ic le, we d e te r
mined something is needed to back up 
our ultrasonic system. .Certain de
fec ts , on engine burns fo r instance, 
are giving our systems a problem. A 
magnetic system can give a no tes t in 
dication from engine burn  and this  
would be valuable inform ation. One of 
th e  problems w ith magnetic systems 
however, is. th a t you don 't get good 
penetrations in the ra il. A lot of 
people ta lk  about the Russian system 
as an answer. Two years ago, I was 
in Russia and rode on th a t system fo r  
50 kilometers. I th in k  the reason we 
d id n 't fin d  any defects is because 
there  w eren 't any defects w ithin the  
f ir s t  10 millimeters of the  rail head. 
As operational speeds increase with the  
magnetic system, the skim effec t in 
creases and the penetration is lim ited. 
In conclusion, I th in k  th a t the system 
is a ve ry  good complimentary system 
fo r ultrasonics.

Attendee: L. W. Lemmon, Pacific Car & 
Foundry Company

Attendee's Questions: You mentioned
some flaws are not deteriab le , can you 
specify more fu lly  what kind you can
not pick up?

H. Ceccon: Did you mean the  single  
wheel th a t I talked about earlier?

L. W. Lemmon; E ither one, yes.

H . Ceccon:I mentioned earlie r the de
velopment of the  tandem, wheel probe. 
There  are two defects we had in mind 
as we started improving the sensors. 
One is the vertica l sp lit head located 
o ff the center of the ra il. The  other 
is engine burn fra c tu re . One of the  
th ings we're looking fo r in our sensor 
development program , is a, sensor 
which will g ive us an indication of a 
defect in more than one channel. We 
want to ensure th a t our false alarm  
rate is low, there fo re  the more chan

nels in which a defect appears, the  
higher the probab ility  th a t a defect 
actually  ex is ts . So, w e're attem pting  
to see a defect in a t least two 
channels.

A ttendee: K. Sm ith, Electro-M otive
Division

A ttendee's Question: Is th e  tra c k
geom etry data generated by the  T -6  
tra c k  car used to study rail problem  
areas o ther than those you have dis
cussed such as rate of change of 
gage, etc.?

T .  Y ang: T -6  has ju s t been completed 
and is not ye t operational. T h e re fo re , 
we have not used T -6  in th a t respect 
b u t th a t is possible fu tu re  use of the  
system. One new item being evaluated  
on T -6 ,  is changing th e  normal
sampling rate  to one foot per sample as 
compared with 2.4  fee t per sample
used w ith T -2  and T -3 .  Th is  will g ive  
much b e tte r coverage in shorter wave
lengths. The alignment system now
measures alignment on both ra ils .
Many lateral hunting problems and de
railm ent problems have been identified  
as closely related to rail alignm ent: 
Perhaps, with the T -6  alignm ent sys
tem , we may not have to look a t tra c k  
gage change and other sim ilar p ro 
blems. We may be able to go d irec tly  
to the problem in the fu tu re .

A ttendee: E. Lombardi, National
Railroad Passenger Corp.

(A M T R A K )

Attendee's Question: As a resu lt of the  
FRA study of locomotive operating  
cabs, is it  the adm inistration's in ten t 
to prom ulgate rules or standards fo r  
cab design?

L. Peterson: Speaking as a research  
ty p e , we would p re fe r vo lu n tary  
adoption of beneficial changes. 
Because of the cooperative w ork th a t's  
been done the  in d u s try , the locomotive 
m anufacturers and the railroads have 
incorporated , v o lu n ta rily , some 22 
changes in the  cab to make them  
safer. Th is  is the way we p re fe r  to  
o p erate .
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A ttendee: J. Robinson, Boeing Vertol

A ttendee's Question: Does th e  human 
factors program entail modification of 
locomotive systems such as b ra k in g , 
fa u lt detection , diagnostics and pro 
pulsion control?

J. Wilson: One of the purposes of the  
evaluator will be to evaluate existing  
and proposed control systems. The  
evaluator will provide an objective  
means of evaluating these systems and 
certa in ly  will tend to encourage new 
ideas.

A ttendee: K. Cappel, Wyle
Laboratories

Attendee's Question: The concept
given in the  presentation has been de
veloped and implemented b y : the  
a irc ra ft  in d u s try , the  m ilita ry , and the  
airlines . over the  past 20 years . The  
most complex and costly component has 
been th e  visual display where  
discrepancies are most readily  
perceived by the subject. How will 
th is  problem be addressed in the  
proposed research evaluator with  
p articu la r regard to the  in teractive  
aspects?

J. Wilson: Y ou 're  r ig h t, it's  a. ve ry  
d iffic u lt problem. I'd  like to point out 
f ir s t  th a t the requirem ent fo r the  
f l ig h t simulator or space vehicle sim
u la to r, would be completely d iffe re n t  
from the problem w e're faced with in 
e ith er the locomotive sim ulator, or 
more p a rtic u la rly , in th is  research  
evaluator where g reat detail is impor
ta n t. For the  most p a r t , in aviation  
systems i t  has been possible to gen
erate  simple displays-cqm puter 
generated displays are  often used. 
It 's  my fee lin g , a t th is  tim e, th a t a 
visual system based on film  will be 
necessary to provide the  c la rity  of 
view and the realism  requ ired  in terms 
of in te rac tive  aspects. However, CGI 
(Com puter Generated Images) might 
have some limited use in the evaluator.

L. Peterson: Y ou 're  also saying John,
I th in k , th a t the displays proposed fo r  
the  research evaluator will be g reatly  
improved over existing  d isplays.

Attendee: H. Law, Clemson U n ivers ity

Attendee's Question: What types of
models and analysis procedures are  
envisioned fo r the  longitudinal tra in  
dynamics? For exam ple, how many 
degrees of freedom per car will be 
provided? Will equations of motion be 
integrated, using num erical, analog, or 
hybrid  techniques? What braking  
models will be used? What non-linears  
will be included? Will coupling to 
lateral dynamics and vice versa be 
considered?

L. Peterson: Before you answer, John; 
H a rry , I would like to say th a t a t th is  
stage w e're close to coming out with an 
RFP which will attem pt to deal with  
these problenhs. Jbhn can g ive some of 

, his opinions on how these might be 
handled b u t, I hope you don 't take it  
as a way th a t the  evaluator will be 
constructed.

J. Wilson: Well, I'll ju s t make , some 
suggestions. The  idea in the sche
matic which I showed is one which I 
believe is logical. One, we tre a t the  
longitudinal dynamics of the  tra in  as 
one package, then the detailed d y 
namics of some individual car or many 
separate individual cars as a problem  
fo r a sub-system  or sub-processor 
systems. -All models would have to be 
non-linear, in my estim ation, to be 
useful. For the  longitudinal model of 
the tra in , I would attem pt to do the  
same th ing  th a t I'v e  done previously  
with digital computers in less than real 
time. T h a t would be to consider only  
the longitudinal degree of freedom fo r  
each and every  vehicle in the tra in .  
It  would be a. programmable hardw are  
system ra th er than a h yb rid  system. 
As you know, I b u ilt a h yb rid  system  
which has solved th is  problem in real 
time. I th in k  it's  a v e ry  cost e ffective  
solution to, the  longitudinal tra in  d y 
namics problem. The only th ing  it  
lacks is f le x ib ility . In terms of 
braking models, we do have a number 
of good empirical b rak ing  models and I 
believe th a t these are su ffic ien t, or 
th a t some small improvement of them 
would be good, fo r th is  research eva l
uator application. In o ther w ords, we 
don't need to have a fu ll blown d y -
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namic model of a braking  system. To  
m e,th at is a lot of fu n , bu t it's  a 
research project on its own.

Attendee: R. A . C a ru th , Maxson
Corporation

Attendee's Question: You stated th a t
25,000 miles of tra c k  are being 
surveyed annually . When was th is  
typ e  e ffo rt s ta rted , also when will a 
completed cycle be performed?

L. Peterson: I'm sure you 're  speaking  
about the DOT cars , the  f ir s t  
inspections were perform ed in 1973. 
A t the  present tim e, w e're inspecting  
upwards of 25,000 miles of tra c k  th is  
y e a r, while our goal is 30,000 miles of 
tra c k  per car a y ea r. I'd  like to  make 
it  clear at th is  stage th a t we don 't 
consider these cars are being de
veloped exclusively fo r use by the  
governm ent. We hope th a t the  
techniques developed can be used by  
the  in d u stry  in a more routine w ay, 
p re fe rra b ly  as p a rt of th e  railroad  
business by the railroads themselves. 
T h a t brings us to the  second question, 
what is the planned re -cyc lin g  period  
fo r going over trackage surveyed?  
Again frequency probably will be de
pendent upon several considerations  
including the past safety  record , the  
class, gross tons, typ e  of tra ff ic ,  
speed, etc. However, what I th in k  
the  question alludes to , is what are  
the  Government's intentions concerning  
tra c k  inspections? T h a t depends - on 
how well the railroads advance on th e ir  
own. I th in k  the Government is going 
to d o , whatever is necessary in the  in 
spection area to continue progress to 
ensure safe rail operations.

Attendee: W. Shannon, T ra ile r  T ra in

Attendee's Question: What spacjng or 
distance is contemplated betweerT w ay- 
side inspection locations in o rd er to 
detect potential fa ilu res  of fre ig h t car 
components before th ey  progress to 
the point of causing derailments?

L. Peterson: John, before you answer 
th a t, I'd  like to preface th is  by saying  
John's paper was en title d , "A Concept"

and he's going to investigate a number 
of ideas in a p ilo t project a t T T C .

J . Ferguson: Due to the  present
limited scope of the pro ject, FRA has 
not in itia ted  any deployment studies. 
How ever, i t  is evident th a t station  
spacing will be a function of the  
effectiveness of the  wayside  
instrum entation group at any given  
location and on the  propagation ra te (s )  
of various defects.

A ttendee: K . Sammoul, MTS Systems
Corporation

A ttendee's Question: A s ign ificant
number of derailm ents are caused by  
suspension component fa ilu res . Have 
you considered any form of wayside 
te s t fa c ility  to tes t and evaluate sus
pension characteristics and perhaps  
detect fa iled  springs or shock ab
sorbers th a t could lead to derailment?

L. Peterson: In itia l work indicates an
in d irec t way; th a t is to measure what 
kind of fo rces , both v e rtic a l, lateral 
and the  L /V  rate  behavior is as a ve 
hicle goes over an instrum ented section 
of tra c k . Based upon a correlation of 
the  deviation in relationships or signa
tu re s , we can in fe r , hopefu lly , th a t  
certain  behavior corresponds to iden
tified  suspension malfunctions such as 
a broken sp rin g . As fa r  as any d irec t 
method, I would like John to respond.

J. Ferguson: O ur te s t approach will
be ju s t as L eav itt described. Since we 
don 't know all of the forces and other  
measurable anomolies expected from de
fec tive  components, such as broken  
sp rin g s , we will generate a data bank  
of perform ance characteristics using a 
dedicated consist containing known de
fec ts . Controlled experim entation will 
allow us to relate the defects to 
various sensor responses.

A ttendee: F. K ing, Canadian National
Railways

A ttendee's Question: Have you con
sidered using the sensors to monitor 
the  speed of tra in s  passing a te s t site? 
This can be done with a v e ry  modest 
increase in cost.
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J. Ferguson: Y es , we have
considered th is  as a possible cost 
effective  approach.

A ttendee: F . Danahy, Association of
American Railroads

Attendee's Question: Y o u r cost of
accidents caused by equipm ent; are  
they  normalized to constant dollars  
over the last nine years and what p a rt 
of th is  is a resu lt of wheel fa ilu re  th a t 
could be detected b y  the  proposed 
system?

i
J. Ferguson: Yes, th is  has .taken
inflation into account and , th e re fo re , 
we feel these dollars are realis tic . 
The portion that's  a ttr ib u te d  to wheel 
and axle fa ilu re  is something like 40 to 
50 percent of the related accidents and 
approxim ately 58 percent of th e  related  
cost..

L. Peterson: I th in k  you have some
th in g  in mind when you asked what 
p a rt of th is is a resu lt o f wheel 
fa ilu res  th a t could be detected by the  
proposed system. A re  you re fe rrin g  
to anyth ing in particu lar?  Plate 
cracks?

F . Danahy: I was re fe rr in g  to things
th a t, perhaps, couldn 't be detected by  
th is  sytem such as a th in  flange th a t 
meets a switch in th e  y a rd . Plate 
cracks, broken wheels, the  40 to 50 
percent surprises me, I ,  like you, 
h aven 't read the FRA accident report 
fo r  so many years th a t I don 't recall, it  
e ith e r.

J . Ferguson: What you mentioned
could be detected. We've looked at 
what can be detected and what is 
detected and, w ith present day 
technology, close to 70 to 80 percent 
of the  accidents th a t occurred as a 
resu lt of what you mentioned could be 
detected if  present day technology  
were utilized to its maximum capab ility . 
With the systems we have now, I . can't 
te ll you what th a t percentage is and 
th a t's  p a rt of th is  program , to t r y  to 
improve what can be done w ith just 
the systems we p resently  have in our 
hands.

L. Petersbn: A re  th e re  any systems
th a t detect th in  flange now? A re  
there  any systems th a t could be 
utilized fo r  that? I recall th a t the  
Wheel Checkers system did isolate th in  
flanges as some switches do.

J. Ferguson: No, not th e  th in  flange
per se.

Attendee: M. W. G iesking, Wheel
Checkers, In c .

Attendee's Response: The  Wheel
Checker Loose Wheel -  Broken Flange 
Detection will detect th in  flanges.

Attendee: J. Read, B&LERR

Attendee's Question: Is any attem pt
being made to develop engineering  
track  standards? How about the  
ab ility  to detect sun kinks before they  
appear?

L. Peterson: T h ere 's  been a lot of
in terest and a c tiv ity  on our p a rt to 
develop engineered tra c k  standards. 
Many c u rre n t problems in derailm ent 
explanations would benefit from such 
an approach; b u t i t  has some fo r 
midable obstacles.

R. Parsons: J don 't want to ta lk  all
n ight because w e're t ire d , bu t the  
f irs t  p a rt of your question, th a t's  
probably the most fru s tra tin g  p a rt of 
my job since I'v e  been in th is  seat. A 
lot o f it  is th e  fa u lt , I th in k , o f the  
priva te  sector not rea lly  coming fo r 
ward and helping us in the public  
sector, in a coordinated .approach, to  
come up with "engineering standards  
fo r tra c k ."  We've got a law on the  
book which you've seen in th is  p re 
sentation and w e're pursuing with  
vigor to enforce it  in a much more 
effic ien t m anner, i t  places much, much 
more importance on how realistic  are  
our present tra c k  standards. 
Attempts by my office to date to get 
active in d u s try  participation in th is  
program have not had much success. 
So, we (F R A ) alone r ig h t now, have 
been spending 4 to 5 million dollars on 
a m ulti-faceted tra c k  program which 
was not presented today.

185



L. Peterson: The second p a rt then
John, about the ab ility  to detect sun 
kinks before they  appear. We have 
some research going on which is 
looking both at the causes of buckled  
tra c k  and at detection and measure
ment of longitudinal stresses. Unless 
somebody else out th ere  knows some
th ing  I don 't, we don't have anyth ing  
v e ry  reliable at th is time except the  
tra c k  inspectors and the people who 
look at the track  condition and the  
location and effectiveness of rail 
anchors.

Attendee: B. Pinnes, Departm ent of
T  ransportation

Attendee's Question: It  is my u n d er
standing th a t the accident rates in 
practically  all categories are continuing  
to deteriorate . You showed us a con
ceptual plot indicating the reversal of 
th is  tre n d . I have two questions. 
F irs t, when can we expect to see such 
a reversal, second, what are the most 
promising mechanisms fo r achieving the  
goal?

L. Peterson: Before I answ er, Bob, I
want to put something up fro n t.W e 're  
having a hard time getting  a broad 
base agreement as to w hat those 
measures should be. I t  certa in ly  isn 't 
the actual number of accidents or 
fatalities th a t occur. It  has to be com
parative  number, such as the  fa ta lities  
per revenue ton mile or per tra in  mile 
or something like th a t. We and others  
are struggling to agree on a good mea
sure. Given a good index, when could 
you expect such a reversal? I th in k  
I'd  be very, foolish to stand th e re  and 
say th a t research alone is going to 
make th a t reversal. The  major 
requisite  fo r any dramatic tu rn  around  
is th a t the tra c k , equipment e tc .,  are  
going to have to receive the care and 
maintenance they need. I don 't th in k  
the  key in the reversal is research  
alone, although research w ork can help 
you decide where to pu t the p riorities  
and how to best spend yo u r money. 
However, it  would be v e ry  presum p
tuous to say th a t research w ork is 
going to do it  a ll. It's  got to be a 
combination with the 4R A ct and so

fo rth  leading. Second, as we saw in 
our recent Soviet v is it; it's  the ra il
roads doing th e ir  job and getting the  
tra c k , equipm ent and the operations 
into a state th a t is both economical and 
safe. As fo r  the  “most promising 
mechanism", research can only assist 
in accomplishment of unfavorable  
trends reversal through strateg ies, 
tactics and open interactions which are  
focused on dow n-to -earth  real 
problems. O f course, establishment of 
prio rities  tow ard achievement in the  
areas of maximum potential improvement 
is crucial in making the com paratively  
limited R&D resources in the railroad  
in d u s try .
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R E M A R K S  T O  FRA. ENGINEERING C O N F E R E N C E
B Y

G. W A Y
Executive Summary

The AAR's Research Program is in a real sense a misnomer. There 
really is no such thing as an A A R  Research Program. We cannot claim pride 
of authorship over most of what we do nor are We unhappy over this fact. It 
is by intention that we cannot, for reasons I will refer to.

NIH 'in this case refers to, "Not Invented Here". NIH has been used to 
describe the common sociological phenomenon of prejudice against or mistrust 
of an idea developed outside of our own institution or organization.

I do not want to condemn NIH, even though it has been responsible for 
delaying the acceptance of many good technological advances. Nor am I here 
to extol its virtues, even though I recognize that often a solution developed 
on one property is not necessarily appropriate to the peculiar circumstances 
which may prevail on another. Or that a widget invented in an ivory tower 
may not function as intended in the cold practical world of reality.

Oh  the surface NIH is simply a human frailty engineers and researchers 
had better learn to deal with effectively. But on Careful reflection I think we 
can all agree that NIH exists in part for justifiable reasons. We learned at 
Chessie’s Research Department that if Operating or Engineering Department 
people with a problem participated in its- investigation the eventual solution 
was easier to sell ' and more rapidly implemented. Not simply because the 
users had pride of authorship, although that should not be quickly dismissed, 
but most importantly because when the users of technology are a part of its 
development it is invariably better technology.

The rail industry is frequently criticized as being outmoded, backward 
in its thinking, slow to adopt new ideas, and overly cautious. Some of this 
criticism is simply unjustified. Most stems from an admittedly poor public 
image in which many opinionmakers sense on one hand, that railroads offer 
significant social advantage in terms of energy usage and minimal adverse 
environmental effect; but on- the other that railroad managements lack the 
skill or desire to bring these advantages to fruition. We at the A A R  are 
trying to correct this mistaken view. However, some of the criticism is in 
fact justified. Like many other mature industries we in the Railroad Business 
have been conservative. .

We have in many instances acted in a reactionary fashion rather one of 
anticipation. There are situations when we have reacted too slowly. Like 
government, mature industries, railroads included, are bureaucracies. And 
all bureaucracies exhibit a considerable degree of inertia.

There should not be an A A R  research program and there is not. There 
is little to be gained by proprietary research programs regardless of their 
sponsors. Just as rail failures of freight design problems can't claim 
institutional cause, neither should their investigation be institutional. These 
are industry problems and they demand industry-wide approaches to their 
solution.



F R A C T U R E  PROPERTIES OF A A R  C A S T  STEELS
B Y

W. S. Pellini
D. H. Stone

Association of American Railroads 
Research and Test Department

i Executive Summary

Fracture test data for A A R  cast steels were developed by the Case 
Western Reserve University from samples provided by RPI foundries. The 
data involved Dynamic Tear (DT), Drop Weight Test (NDT) and Charpy V  
properties. Steels of Grades B, C (N&T), C (Q&T) and E, from various 
sources, were included in the study.

This paper presents interpretative fracture mechanics analyses of the 
data. The analyses clearly define the railroad service temperatures for which 
these steels feature brittle, semi-ductile and ductile fracture properties.

The fracture properties were also examined in relationship to metallurgi
cal variables, such as composition and microstructures. It is shown that the 
fracture properties of Q & T  steels of. C  and E grades are seriously degraded 
by the presence of pearlitic microstructures. The importance of adequate 
alloy content (hardenability) and effective quenching of castings is empha
sized by these data.

It is recommended that fracture properties be specified in terns of the 
D T  test. Minimum fracture-energy values at 0°F are suggested for the C 
(Q&T) and E steels, and at 120° for the B and C  (N&T) steels.

The single most important practical question, is to establish if 
fracture-safe couplers can be guaranteed for railroad service temperatures. : 
Everything else simply contributes to this objective, i.e., are matters of 
detail.

The most important conclusions are, that couplers can be produced
economically which -

(1) completely eliminates fracture problems to lowest service tempera
tures for the Q & T  steels

(2) have high commercial-production reproducibility of fracture pro
perties

(3) are specified in modern engineering terms for fracture properties
(4) have improved weldability for repairs, etc.
(5) will satisfy all concerned that casting properties can be reasonably

guaranteed, as well as test-block properties.



O N  T H E  EFFECT OF  T R A C K  G E O M E T R Y  O N  
VEHICLE RESPONSE IN C U R V E  NEGOTIATION

B Y

E. H. Chang 
and

D. R. Sutliff
Executive Summary

Spiral lengths a n d : the amount of superelevation for simple and reverse 
curves have been a subject of concern to railroad engineers and maintenance 
personnel for many years. This concern is primarily motivated by the desire 
to improve track geometry, to decrease track maintenance, to improve train 
handling and, of utmost importance, to ensure the safe operation of the 
railroad. The previous study on "Minimum Tangent Length between Reverse 
Curves for Slow Speed Operation" indicates the usefulness of the Quasi-Static 
Lateral Train Stability (QLTS) model in studying track geometries for various 
types of railway vehicle operation. It is the intent of this paper to study the 
effects of spiral length and superelevation on vehicle response when they are 
introduced to simple curves and to reverse curves with minimum tangent 
length. The selection of critical vehicle consists are based on the population, 
weight and length of vehicles. The parameters which are analyzed include 
the lateral over vertical force ratio (L/V), the lateral coupler angle and the 
overturning speed of the vehicle. The analysis is performed for the empty 
consists because the L/V ratios are more critical for the light car than for 
the loaded car in curve negotiation. The methodology used in selecting 
"optimum" spiral length for, a given consist and track configuration is pre
sented. The "optimum" spiral lengths for a given amount of superelevation 
are determined and compared with those based on existing standards or 
formulas.

In this study, no attempt has been made to cover all the possible car 
combinations, loading conditions, or track configurations. Since the L/V 
ratios for the light cars are more critical than the loaded cars in curve nego
tiation, the analysis would be solely based on the empty consists. Only those 
consists considered to be representative and critical are analyzed. Due to 
the fact that the weight and the height of the center-of-gravity of the loaded 
cars would be different from the light cars, the results and recommendations 
presented in this paper must be applied with care in practice for the partially 
or fully loaded consists .
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FREIGHT C A R  H U N T I N G  MO D E L S  A N D  THEIR VALIDATION
B Y

Y. H. Tse
V. K. Garg
D. R. Sutliff

Executive Summary V
\ ■ . ■

The operating speed of a freight car is often limited by ’truck hunting’, 
a self-excited vibration phenomenon in which a truck oscillates violently in 
the lateral direction of travel. The paper describes two mathematical models 
developed at the Association of American Railroads under the Track Train 
Dynamics Program to investigate the hunting behavior of a,freight car. One 
of the models is a linear model and is based on the eigenvalue-eigenvector 
solution of the equations of motion. The other is a non-linear model which 
provides a time domain solution for the system. The field test conducted at 
the Union Pacific Railroad to validate the hunting models is briefly discussed. 
Results of the models are compared with the field test data.



STRUCTURAL DYNAMIC ANALYSIS & FATIGUE LIFE PREDICTION
OF A FLAT CAR

BY

V. K. Garg
B. Prasad

A. M. Zarembski

Executive Summary

Dynamic characteristics of a trailer-on-flat car (TOFC) are investigated 
using finite-element techniques. Three different finite-element models of the 
flat car were developed. These models were validated by comparing the 
predicted vibration mode shapes and frequencies with test results. Further 
validation of the models is carried here by comparing the analytical transfer 
function with test results. The values of the transfer functions are com
puted, using NASTRAN, at four different locations along the center line of 
the flat car. Experimental values at these locations are found to be in good 
agreement with the computed results. Using the space beam model of the flat 
car fatigue life of an arbitrarily selected member of the flat car is then car
ried here to demonstrate the application of finite-element structural dynamics 
analysis to fatigue life prediction. The fatigue life values obtained using this 
approach, are then compared with the so called ad hoc approach which uses a 
nominal stress value obtained from a pseudo-static analysis.
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SIMULATION COST MODELING FOR THE 
DETERMINATION OF FREIGHT CAR COMPONENT OPERATING COSTS

BY

Keith L. Hawthorne 
Allan I. Krauter 
Rajendra Saroop

Executive Summary

This paper describes a technique developed to determine freight car 
component operating costs. Early in the planning of the Phase II Track 
Train Dynamics Program, the need for a methodology to determine freight car 
component operating costs was established. The proposed creation of per
formance specifications necessitated the establishment of a methodology to de
termine the economic impact of design changes. After a review of alternative 
methods of cost determination, a technique known as Simulation Cost Modeling 
(SCM) was selected. Simulation Cost Modeling has three elements: the
schematic diagram which describes component usage; the computer program 
which implements the diagram; and the input data set. Development of the 
Simulation Cost Modeling technique and its relationship to Track Train Dyna
mic component cost evaluations are described. A preliminary input data set 
and corresponding approximate results are given for the freight car wheel. 
This reference case approximates the current usage of freight car wheels 'and 
the associated costs of acquiring, operating, arid maintaining freight car 
wheels.



REMARKS TO  FRA ENGINEERING CONFERENCE

BY

G,

Good M orning, I am supposed to 
make a few b rie f in troductory  rem arks  
today about AAR's research program .
I will confine myself to philosophy and 
le t those th a t follow address technol
ogy and details of specific program s.

The AAR's Research Program is in 
a real sense a misnomer. T h e re  rea lly  
is no such th ing  as an AAR Research 
Program . . We cannot claim p ride  of 
authorship over most of what we do 
nor are we unhappy over th is  fa c t. I t  
is by intention th a t we cannot, fo r  
reasons I will re fe r to , b u t le t me 
digress.

When l am in Washington I d r iv e  to  
the  office by way of New Y o rk  Avenue. 
A t its eastern extrem ity , New Y o rk  
Avenue parallels the rail, line con
structed  between 1903 and 1907. To  
bring  the  then Pennsylvania, B a lti
more, and Ohio Railroad's trackage into  
Washington's new Union S tation . 
Across from the Hecht Company Ware
house is the  Iv y  C ity  Team T ra c k  Y ard  
and Iv y  C ity  Engine House.

I f ir s t  came to know Iv y  C ity  w hen, 
as a k id , my parents took me by tra in  
from our home in New Jersey to v is it  
th e ir  fam ilies in West V irg in ia . In the  
late th irtie s  there  were always elegant 
President Class Pacifies being serviced  
at Iv y  C ity  to be admired as the  tra in  
slowed coming into Washington, tw enty  
years later as a brand-new  ignorant 
and naive Assistant Supervisor on the  
Pennsylvania/ many of the  G G -1's I 
rode - -  to check the safety p e rfo r
mance of tra c k  gangs—  called Ivy  
C ity  th e ir  home. The GG-1's except 
fo r one, a re n 't as handsome now as 
th ey  were then and they  share Iv y  
C ity  w ith E-60's and SDP-40's instead  
of P -7 's , bu t there  is usually some-, 
th ing  in teresting  to see over to the  
r ig h t when New Y ork  Avenue tra ff ic  
backs up. For the past several weeks

WAY

th ere  has been a new a ttraction) the  
United A irc ra ft  T u rb o  tra in s , th e ir  red  
pairit faded to p in k , looking abandoned 
ju s t as T ra in  X  did in Indianapolis in 
1960. As a rajlroad Engineer and 
technologist, I w o rry  about such fa il
ures ju s t as I take  p ride  in th ings like  
the success s to ry  o f the  G G -1, even 
though I had no p a rt in e ith e r . There  
th ey  s it GG-1's and T u rb o  tra in s  side 
by side a t Iv y  C ity  to remind us how 
good or how fru itless  railroad technol
ogy can be.

In th in k in g  about th is  problem, one 
of the  factors which keeps surfacing in 
my mind is th e  N IH  syndrome; N IH in 
th is  case re fers  to , "Not Invented  
H ere". N IH has been used to describe  
the common sociological phenomenon of 
prejudice against or m istrust o f an idea 
developed outside of our own in s titu 
tion or organization.

I do not want to condemn N IH , even 
though it  has been responsible fo r de
laying the  acceptance of many good 
technological advances. Nor am I here 
to extol its v ir tu e s , even though I 
recognize th a t often a solution devel
oped on one p ro p e rty  is not neces
sarily  appropriate  to the  peculiar c ir 
cumstances which may prevail on 
another. O r th a t a w idget invented in 
an ivo ry  tow er may not function as in 
tended in the cold practical world o f 
re a lity .

On the surface NIH is simply a 
human f ra ilty  engineers' and re 
searchers had b e tte r learn to ,deal with 
effec tive ly . B ut on carefu l reflection I 
th in k  we can all agree th a t NIH exists  
in p a rt fo r ju s tifiab le  reasons. We 
learned at Chessie's Research D epart
ment th a t if  O perating  o r Engineering  
Departm ent people w ith a problem p ar
ticipated in its investigation the even
tual solution was easier to sell and 
more rap id ly  implemented. Not simply

George H. Way, Jr. is Assistant Vice President of̂ the Research aixd Test Department, AAR. : B.S.E. from Princeton University, with honors, (1952). Way received his
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because th e  users had pride of au thor
sh ip , although th a t should not be 
qu ick ly  dismissed, b u t most im portant
ly  because when the  users of technol
ogy are  a p a rt of its development it  is 
in variab ly  b e tte r technology. Scien
tis ts  and engineers isolated in d ra ftin g  
rooms and. laboratories away from rea l- 
world railroad environments cannot be 
expected to deal witfu those en viro n 
ments .successfully. Th ey  need to rub  
shoulders w ith the  mechanics and 
craftsm en who will be using the p ro 
ducts o f th e ir  research. They  need to 
,get th e ir  hands d ir ty  s trugg ling  with 
.real problem s, if  th e ir  research is to  
be on ta rg e t.

We accept th is  princip le  a t the  AAR 
as gospel. T h a t is why I said a t the  
beginning th a t we do not have an AAR 
Research Program . We partic ipate  in a 
research program and we attem pt to 
give th a t program  focus. B u t, the  
program is the  Railroad In d u s try 's  p ro 
gram and it  is ju s t as much the p ro 
p e rty  o f the o ther partic ipants  as it  is 
ours. T h e  other participants  in this  
program have allegiance to a host of 
supply firm s , ra ilroad companies, u n b  
versities> governm ent agencies and 
trade  associations. B ut underneath  
these formal d ifferences is a common 
in te res t in railroad problems. This is 
the basis of cooperative, research. 
From an , adm in istrative standpoint it  
tends to be a n ightm are. Lines of 
au th o rity  are d iffic u lt to define and 
more • d iffic u lt, to enforce; its contrac- 
tu ra l arrangem ents are a t times close 
to impossible. Politically it is tedious. 
From the , standpoint of gross cost it  \ 
can be expensive. F requently  it  is 
time consuming and in e ffic ien t. Y et 
with all o f these problems, all of us at 
th e  AAR feel th a t it  is a bargain . 
Since cooperative research produces 
workable solutions, and in the long run  
not only the best solutions, b u t f r e 
quently  the  only acceptable solutions.
I t  -allows the  best people to  work on a 
problem w ithout having to be pirated  
from th e ir  jobs. I t  perm its cost shar
ing in terms of dollars, equipment or 
manpower, and , it  allows the users to 
partic ipate  and d irec t programs aimed 
at solving th e ir  problems.

The  railroad in d u s try  is freq u en tly

critic ized as being outmoded, backward  
in its th in k in g , slow to adopt new 
ideas, and o verly  cautious. Some of 
th is criticism  is simply u n justified . 
Most stems from an adm ittedly poor 
public image in which many opinion- 
makers sense on one hand, th a t ra il
roads o ffer s ign ificant social advantage  
in terms of energy usage and minimal 
adverse environm ental e ffec t; bu t on 
the other th a t ra ilroad managements 
lack the skill o r desire to b rin g  these  
advantages to fru itio n . We a t the AAR  
are try in g  to correct th ia  mistaken 
view . However, some of the  criticism  
is in fact ju s tifie d . Like many other 
mature industries we in the  Railroad 
Business have been conservative . As 
Bob Gallamore said last n ig h t, "We 
operate in an environm ent of con
s tra in ts". We have in many instances 
acted in a reactionary fashion ra th er  
one of anticipation. T h ere  are s itua
tions when we have reacted too s low ly. 
Like governm ent, m ature industries , 
railroads included, are  bureaucracies. 
And all bureaucracies exh ib it a con
siderable degree of in e rtia . Like a 
2 0 ,000-ton u n it coal tra in , i t  takes an 
enormous amount o f en erg y  to set them  
in, motion, and equal amount to slow or 
stop them , and constant attention to  
see th a t they  get to w here th ey  ought 
to go. A t the same time th e y  are s in 
g u la rly  e ffic ien t mechanisms' fo r hand
ling large volumes of homogenous com
modities or w o rk . Engineering re 
search, how ever, does not constitute  
large volumes of homogenous in ves ti
gation. T h e re fo re , cumbersome, 
bureaucracies are not ideally suited to 
the research fu nction . Ad hocracies 
as f irs t  defined by A lv in  T o ff le r , on 
the other hand, are more easily assem
bled, disbanded and reshaped. In 
other words, th ey  are more flex ib le . 
Consequently, they  are b e tte r able to 
react qu ickly  to a changing environ
ment. They may even be abia to act 
in an antic ipatory  fashion. Cooperative  
research attempts to operate on this  
princ ip le . With little  or no permanent 
s ta ff, cooperative pro ject teams do not 
su ffe r the s tifling  bureaucratic  ten 
dency to se lf-p reservation  and expan
sion and a re , th e re fo re , fre e  to devote 
th e ir  engergies to the task a t hand.
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So I say again , th ere  should not be 
an AAR research program and th ere  is 
not. There  is little  to be gained by  
p ro p rie tary  research programs re g ard 
less of th e ir  sponsors. Just as rail 
fa ilures or fre ig h t design problems 
can't claim institutional cause, neither 
should th e ir  investigation be in s titu 
tional. These are in d u stry  problems 
and th ey  demand in d u stry -w id e  
approaches to th e ir  solution.

l
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FRACTURE PROPERTIES OF AAR CAST STEELS

BY
W .S. PELLINI

D .H . STONE

A SSO C IA TIO N OF AMERICAN RAILROADS  
RESEARCH AND TEST DEPARTMENT

Fracture  tes t data fo r AAR cast 
steeis were; developed by th e  Case Wes
te rn  Reserve U n ivers ity  from samples 
provided by RPI foundries . The data 
involved Dynamic T ear ( D T ) ,  Drop 
Weight T est (N D T ) and C harpy  V p ro 
perties . Steels o f Grades B , C (N & T ),  
C (Q & T ) and E, from various sources 
were included in the s tu d y .

Th is  paper presents in te rp re ta tive  
fra c tu re  mechanics analyses of the  
data. The  analyses c learly  define the  
railroad service tem perature fo r  which 
these steels fea tu re  b r it t le , sem i-duc- 
tile  and ductile fra c tu re  p roperties .

The fra c tu re  properties were also 
examined in relationship to m etallurg i
cal variab le , such as composition and  
m icrostructures. I t  is shown th a t the  
fra c tu re  properties of Q&T steels of C 
and E grades are seriously degraded  
by the  presence of pearlitic  m icrostruc
tu re s . The importance of adequate 
alloy content (h a rd e n ab ility ) and effec 
tiv e  quenching of castings is empha
sized by these d a ta .;

Recommendations are presented fo r  
(1 )  optimization of fra c tu re  properties  
and (2 )  fo r revised AAR specifications 
based on D T tes t reference to fra c tu re  
mechanics c r ite r ia . . .

IN TR O D U C TIO N

A su rvey  of fra c tu re  properties of 
commercially produced AAR cast steels 
was conducted as p a rt of the  Railroad 
Coupler Safety Research and T est Pro
jec t (R P I-A A R  Program ).

All aspects o f the  preparation were 
intended to be equivalent to commercial 
production. The tes t samples were 
cast and h eat-treated  a t RPI member 
foundries as tapered plates o f T .5 to
0.75 inch thickness (f ig u re  1 ) .  The  
frac tu re  tests were perform ed at Case 
Western Reserve U n ivers ity  (CW RU) 
under the d irection of P ro f. J .F .  
Wallace. A re p o rt was prepared which 
presents and summarizes the data. 
The CWRU data was provided .to the  
AAR M etallurgy Division by the Project 
D irector, fo r purposes of fra c tu re  me
chanics and m etallurgical analyses. 
The frac tu re  tes t data includes grades  
B, C (N & T ), C (Q & T ) and E steels.

The f irs t  objective of the  analyses 
was to characterize th e  fra c tu re  p ro 
perties of these steels in modern fifac- 
tu re  mechanics term s. The  analyses 
also include detailed examination of the

W. S. Pellini, a graduate of Carnegie Institute of Technology, is in private consulting practice having retired as Superintendent of the Metallurgy Division of the Naval Research Laboratory., Mr. Pellini has received numerous awards for his scientific and engineering achievements, including j recognition frdm the 
Department of Defense and the U.S. Navy. '
D. H. Stone is Director-Metallurgy at the Association of American Railroads Technical Center in Chicago, 111. Mr. Stone holds a B.S. in Metallurgical Engineering from the University of Pittsburgh and received his 
Masters degree from UCLA in' 1966. i
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effects o f m etallurgical variables on 
fra c tu re  properties . These analyses 
indicate desirable directions fo r  sta tis 
tical improvements of fra c tu re  p ro p er
ties fo r the C (Q & T ) and E steels.

Because of the pending revisions o f 
the  AAR specifications involving M -201, 
M-210 and M -211, these analyses are  
also of in terest in establishing appro
priate  fra c tu re  toughness specification  
requirem ents. Since the  p a y -o ff of 
th e  frac tu re  te s t studies is , in fa c t, 
improved steels covered by improved 
specifications, emphasis is placed on 
these aspects.

The use of modern fra c tu re  mech
anics principles fo r fra c tu re  properties  
characterization, analysis in context 
with metallurgical fac to rs , and in spec
ifications is essential at th is tim e. To 
do otherwise is neglecting modern tech 
nological practices, now w idely used in 
the general engineering fie ld .

The- subject of fra c tu re  mechanics 
principles and methods requires gen
eral in troduction. The rep o rt provides  
th is  in troduction , reduced to the  most 
essential aspects.

The essence of fra c tu re  mechanics 
methods is exact prediction of the  ser
vice performance of the  steels as b r it 
t le , sem i-ductile, o r fu lly  ductile . 
These predictions can be made with  
high confidence fo r specific service  
tem peratures. Extensive documenta
tio n , including fa ilu re  analyses, exists  
fo r the case of rolled or forged steels. 
T h u s, the  comparisons take advantage  
of this existing information and serve  
as engineering documentation fo r the  
va lid ity  of the  find ings developed fo r  
the cast steels.

AAR use of fra c tu re  mechanics p r in 
ciples is not new. For example, the  
TC -128 tank  car steels were character
ized and analyzed sta tis tica lly  in fra c 
tu re  mechanics term s. Predictions of 
service perform ance, in the  case of 
railroad accidents, were fu lly  validated . 
This is presented in a rep o rt developed 
fo r the Railroad T an k  C ar Safety  Re^ 
search and T est Project (R P I-A A R ).  
Rail steels are another example of the  
use of modern fra c tu re  mechanics p r in 
ciples fo r characterization and analysis 
of properties. I t  is to be expected 
th a t fra c tu re  mechanics will be applied

to all fra c tu re -re la te d  engineering p ro 
blems in the  railroad in d u s try . Such 
application obviously involves use in 
AAR specifications.

FRACTURE MECHANICS PRINCIPLES

The fra c tu re  transition  of steels 
evolves over a range of tem peratures  
as indicated in fig u re  2. The  critica l 
tem perature  reference points are de
fined as L (p lane strain  lim it) and YC  
(y ie ld  c r ite r io n ).

A t tem peratures below L, the steel 
is h igh ly  b r itt le  (defined as plane 
s tra in ) . Fractures may be in itiated  
from re la tive ly  small crack-1 ike defects. 
The frac tu res  then may extend through  
regions of the  s tructura l component, 
fea tu rin g  nominal engineering stresses 
as low as 0 .2 a  ■. (0 .2  of the yield  
s tre s s ). ,

TEMPERATURE C C )

FIGURE 2. ENGINEERING  
SIG N IF IC A N C E OF L -Y C  

T R A N S IT IO N  FROM PLANE 
S TR A IN  B R ITTLE  TO PLA STIC  

(D U C T IL E ) FRACTURE

A t tem peratures between L and YC  
th e re  is a sharp increase in fra c tu re  
extension resistance. The nominal en
g ineering stress ( a ) increases from  
approxim ately 0 .2  a N at L to 1 .0  a 
(y ie ld  leve l) a t Y C .^ sThis  is the  orig in  
of the  term  "yield criterion" (Y C ) .  
Above the  YC tem perature , the  fra c 
tu re  can be extended only by plastic  
overload stresses, i . e . ,  it  is a plastic  
fra c tu re .

T h e  L to YC tem perature range is 
called th e  elastic-p lastic  (E -P )  tra n s i-
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tio n , i . e . , b r itt le  to plastic fra c tu re  
tran s itio n .

All steels of the s trength  level o f  
in te res t to th is re p o rt have a specific 
L to YC transition  tem perature  range. 
T h is  tem perature range can be moved 
up o r down the  tem perature  scale by  
changing the m icrostructural qua lity  
features  of the steel.

By defin ing the L to YC transition  
tem perature  range/ th e  steel q u a lity  is 
defined with respect to service tem per
a tu res .

The  correspondence to performance  
in service is d irec t. Serv ice tem per
a tures  below L s ig n ify  th a t b r itt le  fra c 
tu res  can develop. Service tem pera
tu res  above YC s ig n ify  th a t on ly  duc
tile  fra c tu re  (b y  overload) can develop.

For most s tru c tu re s , a fra c tu re  
value o f 0 .5  YC (h a lfw ay  between L 
and Y C ) is generally  su ffic ien t to p re 
v e n t fra c tu re . Th is  is due to the  fa c t 
most s tructures  are designed to nomin
al stresses less than 0.5cr .

Because of possib ilities  fo r impact 
overloads in railroad serv ice , i t  is 
judged th a t fra c tu re -p ro n e  components, 
such as couplers, should have fra c tu re  
properties  a t least equal to th e  range  
of 0 .5  YC to YC (h ig h  e las tic -p las tic ). 
P re fe ra b ly , th e  high end of the  range  
(close to  Y C ) should be used as the  
minimum fra c tu re  toughness fo r  the  
lowest service tem perature o f in te res t.

The  practical way to define the L to  
YC tem perature  range of a steel is to 
conduct a Dynamic T e ar (D T )  te s t. 
Figure  3 illustra tes  the  D T  te s t speci
men used in these studies. I t  is an 
ASTM defined fra c tu re  te s t specimen.

7 .0  - IN .
^ ■ (1 7 8  MM) *■

1.6-IN . 
(41 MM)

A  KNIFE-EDGE 
TIP

0 .5 -IN .  
(12 MM)

.0 .6 2 5 - IN. 
(16 MM)

FIGURE 3. STANDARD (A S T M ) 
D T T E S T  SPECIMEN

A series of D T  te s t .specimens are  
broken using anvil impact and the  
energy transitio n  is recorded as illu s 
tra ted  schematically in fig u re  4. O ther 
features of the  T ransition  include:

*  change of fra c tu re  mode from  
b rittle  to d u ctile .

*  change of the  a n v il-tu p  force-tim e  
curves as shown in the inserts of 
fig u re  4 . (Force-tim e data are  
used only in research ).

I t  should be noted the  N D T tem per
a ture  obtained b y  the  ASTM Drop 
Weight T est corresponds to . th e  point 
of initial rise o f th e  D T energy cu rve ,
i . e . , the L po int.

FIGURE 4. FEATURES OF 
DT T E S T  T R A N S IT IO N

. Figure 5 illu s tra tes  the method of 
indexing ,L and YC tem peratures to the  
D T test energy c u rv e ,' as follows:

(1 )  The L point corresponds to 
the ND T tem perature  and to the  
tem perature o f in itia l rise o f the  
DT energy c u rv e . For th is  rep o rt 
both reference methods are used, 
and the  corresponding L tem per
atures are  averaged .

(2 )  The YC point corresponds to  
the 50% energy  and to the  50% 
shear fra c tu re  tem peratures. 
Either are reliab le  and conserva
tive  indications th a t YC p ro p er-

; ties are a tta in ed . For th is  report 
both reference methods are used 
and the  corresponding YC tem per
atures are averaged .

The top of fig u re  5 illustra tes  the. 
simplified engineering method of p lot
ting  the L to YC tem perature  range as 
a simple s tra ig h t line, i
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FIGURE 5. INDEXING OF L-YC TRANSITION TO DT TEST CURVES AND TO NDT
All DT and NDT data developed in the project was plotted and analyzed by the use of this simple straight-line reference for the L to YC transition temperature range of the steels.

DATA ANALYSIS
Figure 6 presents the bands for grades B and C (N&T) steels. Note these steels have exactly the same bands of L to YC fracture properties. Note also these steels are indicated to be susceptible to brittle fracture at temperatures as high as 40° to 60°F, This fact is deduced by the high-end of the band, as referenced to the L to0.5 YC portion, i.e., the lower part of the L to YC transition. Service experience has indicated such susceptibility to brittle fracture to temperatures as high as 60° to 80°F. For this reason, we draw a L to YC (hatched) line to indicate the estimated high end of the band for service castings of these

steels. Most importantly, the L to YC analysis for these project steels are in exact agreement with service experience. The narrower aspects of the test steels band is simply a reflection of limited data. The 20°F lower limit of the "high end" is to be expected for the simple casting shape of the test samples, compared to production castings.

FIGURE 6. BANDS FOR BAND C (N&T) STEELS
Figure 7 presents the bands for the C (Q&T) and E steels. The E steel is represented by two bands because the EH and EL samples were cited as ex- perimentaL These two samples establish a very wide band. The remainder of the steels fall in a narrower band, as noted.An important feature of the bands is the two grades of Q&T steels overlap considerably, indicating equal potential for developing good (low temperature) fracture properties.Figure 8 presents the statistical bands for all steels. The bold arrow designates the gap between the Q&T steels and the B, combined with C (N&T) band for the pearlitic steels. For the purpose of statistical analysis, the three Q&T steels noted in the figure as exceptions, are not considered. These appear to be outside of the statistical expectancy grouping. However, their specific properties will be considered in the section on metallurgical variables.
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TABLE 1
COMPOSITION AND PROPERTIES OF AAR CAST STEELS 

EVALUATED IN  CWRU STUDY

GRADE B (NORMALIZED) STEEL

Chemical Com position  
Element (w e ight p e rc e n t)

M echanical P ro p e rtie s  

Y ie ld  S tren g th

OURCE c N i C r Ho V K si MPA _F “  _C _F _C
A .3 0 -75 .0 6 .1 4 .0 3 .01 48 331 5 -1 5 70 21

B .27 .76 .0 6 .0 9 .0 3 46 317 10 -1 2 80 27

C .27 .72 .1 0 .1 2 .0 8  s .0 1  . 46 317 5 -1 5 75 24

D .21 .6 6 .1 5 .1 8 .09 42 290 -2 5 -3 2 70 21

AT .29 .71 .2 0 .2 8 .03 .04 50 345 20 -7 115 46

E ’ X X X X X X 48 331 15 - 9 80 27

GRADE C (NORMALIZED & TEMPERED)

Chemical Composition  
Element (w e ig h t p e rc e n t)

Tempering Temperature

M echanical P ro p e rtie s  

Y ie ld  S trength YC

SOURCE C ' Mn N i Cr Mo V _F (H rs .) _c K s l Mpa _F _c _F _C

A .2 8 1 .6 2 .1 0 .1 0 .0 3 - 1020 U ) 549 66 455 20 -7 105 41

C .29 1 .4 6 .1 0 .1 1 .1 3 - 1220 (4 ) 660 61 421 40 4 115 46

D .29 1 .3 0  . .2 6 .2 2 .2 2 - 1150 (3 ) 621 65 448 -3 0 -34 60 16

E .29 1 .3 4 .0 9 .1 2 ■ .02 - 900 (2 ) 482 62 427 10 -1 2 95 35

F .27 1 .0 4 .72 .5 2 .17 - 1200 (2 .5 ) 649 64 442 0 -1 8 95 35

GRADE C (QUENCH & TEMPERED) STEEL

Chemical Com position  
Element (w e ig h t p e rc e n t)

Tempering Temperature
(Time)

M echan ical P ro p e rtie s  

Y ie ld  S tren g th YC

)URCE c Mn N I Cr Mo V _F N O _ c K s i MPa _F _c _F _C

B .27 • 7 t .0 6 .0 9 .0 3  . - 1020 (3 ) 549 66 647 0 -1 8 50 +10

A(C) .3 3 1 .6 5 .0 8 .1 0 .04 - 1225 (2 ) 663 82 804 -9 5 -7 1 -2 0 -2 9

E .24 1 .2 4 a o .1 1 - .0 3 - 1100 (2 ) 593 81 794 -3 5 -37 45 7 ,

c ■ .2 9 1 .4 6 .1 0 .11 .13 .07 1300 (4 .5 ) 704 66 647 -9 5 -7 1 -4 0 -4 0

A(Q) .28 1 .3 7 .08 .34 .17 - 1300 (2 ) 704 83 814 -9 5 -7 1 -3 5 -3 7

D .2 9 1 .3 0 .2 6 .2 2 .22 - 1200 (3 ) 649 86 843 -9 5 -7 1 -1 0 -2 3

F .22 1 .2 8 .9 0 .5 1 .2 8 - 1250 (4 .5 ) 677 71 696 -1 1 0 -7 9 -3 5 -3 7

GRADE E (QUENCH & TEMPERED) STEEL

Chemical Com position  
Element (w e ig h t p e rc e n t) Tempering Temperature 

(Time)

M echanical P ro p e rtie s  

Y ie ld  S tren g th

)URCE C Mn N i Cr Mo V J? • (H r8 - ) _ c K s l MPA _F _c _ 2

A .28 1 .38 .0 6 .2 8 .1 7 - 1040 (2 ) 616 127 1245 -7 0 15

C .32 1 .47 .1 2 .1 6 .24 .02 1100 (4 .5 ) 593 122 1196 -7 5 - 5

D .25 1 .2 5 .19 .3 0 .27 - 1200 (3 ) 649 105 1029 -5 5 -1 0

E .29 1 .5 0 .1 2 .4 3 .2 3 - 1100 (2 ) 593 128 1225 -9 5 -3 5

EL .22 1 .2 2 .1 6 .4 0 .2 0 - 1100 (2 ) 593 111 1089 - 5 -5 0

EH .3 0 1 .4 6 .1 9 .5 2 .3 0 - 1200 (2 ) 649 115 1128 -1 3 5 -9 0

F .2 2 1 .2 8 .9 0 .5 1 .2 8 -  ' 1025 (3 .5 ) 550 115 1128 -9 5 -4 0

X Data Not A v a ila b le
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FIGURE 7. BANDS FOR C (Q&T) AND E STEELS

TEMPERATURE («C)

FIGURE 8. COMPARISON OF BANDS FOR Q&T AND FOR NORMALIZED STEEL
Figure 9 presents statistical expectancy bands based bn adjusted figure 

8 bands. The high end of the B and C (N&T) steels ban.d is placed at the approximate location of the dashed line of figure 6. Figure 9 represents the best estimates which can be made presently for the bands.The high ends of these bands are used to designate a tentative spepifi" cation limit for the steels (TSL). The. TSL line location for the Q&T steels

may appear somewhat optimistic because it is at the high end of the statistical band. However, the following metallurgical analyses suggest it can be met.

-160 -120 -80 -40 0 40 80 120 160
TEMPERATURE(°F)

FIGURE 9. LOCATION OF TENTATIVE SPECIFICATION LIMIT (TSL) LINE FOR Q&T AND FOR NORMALIZED STEELS
If the TSL line is used for specification purposes, then YC properties no higher than 0°F could be guaranteed statistically for the Q&T steels. That is, both C (Q&T) and E steels (bainite-martensite steels).Similarly, YC properties no higher than 120° could be guaranteed for the N&T steels (pearlitic steels).The guarantee (YC = 0°F) serves a. very useful purpose for the Q&T steels in assuring fracture prevention to service temperatures as low as 30° to 0°F. This is the high end of the band for the 0.5 YC to YC temperature range.The same guarantee (YC = 120°F) serves only a limited purpose for the N&T (pearlitic) steels. This is to eliminate brittle metals that are abnormal to the population of production material.There is no way the pearlitic steels can be improved to the extent of being equal to fracture properties of the Q&T (bainite-martensite) steels. The gap between the two could be closed, i.e.,. the TSL can be lowered by approxi
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mately 30°F, with shift of the total pearlitic steel band to lower temperatures. This was shown possible for pearlitic rolled plate steels. However, such attainment requires exacting metallurgical factor adjustments, which would not be economical for the castings.For these reasons the N&T (pearlitic) steels will not be discussed further. Emphasis will be placed on metal Iprgical factors analyses for the Q&T steels of bainite-martensite microstructure.
FRACTURE PROPERTIES RELATION- SHIPS TO METALLURGICAL FACTORS
The analyses were conducted in three steps:, Step 1 Steels from specific sources.Step 2 All sources combined.Step 3 Tempering curves and microstructural factors.
The data in the figures for specific sources do not provide sufficient information for generalizatons. Their .primary purpose is to key chemical composition, tempering conditions and yield strength to the L-YC fracture data curves.It is understood all producers have used fine grain (Aluminum etc.) deoxidation practices, and temperatures of 1650° to 1700°F for austenitization.The factor for which there is inadequate information is that of quenching effectiveness. The importance of this factor is disclosed by microstructural examinations, or the presence or absence of pearlitic microstructures for specific samples of Q&T steels.The combined analyses for all courses (prior to micro-structural considerations) are presented in figures 

10 and 11.
C (Q&T) SteelsFigure 10 illustrates the aggregrate of L-YC curves below the TSL line have one major distinguishing feature. These steels are high-tempered (1200°F or higher). A great variation of alloy content and yield strength is included in the aggregrate curves.

With good hardenability for the section sizes of interest, there should be no problem in achieving excellent fracture properties consistently in practical castings for the C (Q&T) steel, at strength levels of either 60 ksi (min.) or 70 to 75 ksi (min.).It is noted that the only C (Q&T) projett steels of poor fracture properties are:* a low alloy composition resulting in a partially pearlitic microstructure;* a Grade B steel composition.

FIGURE 10. SUMMARY OF GRADE C (Q&T) STEELS, REFERENCED TO METALLURGICAL FACTORS
E SteelsFigure 11 illustrates the aggregrate of L to YC curves show a general tendency of the individual curves to shift from low to higher temperatures (with reference to the TSL line) with:* decreased hardenability, combined with;* decreased tempering temperature.
It is noted the only E steel, of poor fracture properties (significantly above the TSL line) features a partially pearlitic microstructure.For both C (Q&T) and E steels, it is apparent the development of pearlitic microstructures results in a shift of the L - YC curves in the higher- temperature direction of the band for
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the normally pearlitic steels. The importance of ensuring fully baihi.ti.c- martensitic microstructures for the Q&T steels is evident from this data.
TEMPERATURE (°C)

TEMPERING CURVES AND MICRO- STRUCTURAL FACTORS
; In order to understand the tempering response of the quenched steels a summary was made as shown in figure 12. The codes are as follows:(A) = Source(2) = 2 (hours tempered).22-H '= Carbon and high alloy .22-M, L, etc. = Carbon and medium or low alloy- It is apparent the tempering curve is steep in the 1175°F to 1225°F range.. It appears the E steels could be tempered in the range noted as "aim", possibly as high as, 1200°F, in order to obtain best fracture properties. It is probable that, carbon could be lowered to 0.25% (aim) for improved weldability. To do this may require a medium-high alloy content and probably vanadium additions.Such combinations for optimizing fracture toughness and wejdability should provide 110-120 ksi yield strength levels, on the average.The C (Q&T) steel could be optimized in the same way. Since the pri

mary alloy-level requirement derives from hardenability reasons, it appears the use of the same composition for the C (Q&T) alloy is expected to be in the indicated aim zone of figure 12.Obtaining the same fracture properties for the two Q&T steels in production castings requires transformations to bainite-martensite. Pearlite must be avoided in the castings as well as in test coupons.Variable casting properties may be expected if the alloy is too lean and split transformations develop.

CURVE FOR Q&T STEELS
Microstructural ConsiderationsThe microstructural data presented in the CWRU report are used as reference.The high temperature location of the L-YC bands for the B and C (N&T) steels are in line with expectations for the pearlitic microstructures, noted by CWRU examination. No further discussion is necessary.The C (Q&T) steel (E source) that features L - YC significantly above the TSL line (figure 10), is noted to have acicular (upper bainites) • and/or fine pearlite. Following tempering, it is
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difficult to discriminate between these two types of microstructures. The relatively high L - VC indicates the structure is probably . fine pearlite.The other steel- (B source) above the TSL line (figure 10) is actually a Grade B steel and is noted to result primarily in pearlite structures as expected.All of the C (Q&T) steels which are below the TSL temperature line (figure TO) are cited to be of martensite-bain- ite transformation type. Steel is cited to possibly contain some fine pearlite or upper bainite. The good fracture properties of D indicate the presence of some acicular bainite and not pearlite.’ v ';-The only E steel which definitely contains pearlite is- the EL material. This is the only steel of this grade that lies above the TSL line (figure 
11). The pearlite explains the poor fracture properties of this steel.,Ail other E (Q&T) steels appear to be of the appropriate martensite- bainite microstructure. This explains their position below the TSL line having good fracture properties,. .It is obvious the development of pearlite as part of the quenched and tempered • microstructures, is highly detrimental to fracture properties. -This is a well-established fact and the pre'- sent data is in-line with this general information.It is known that a relatively small percent of pearlite (say 10% - 15%) is highly detrimental in microstructures that otherwise are of martensite- bainite type. These mixed microstructures must be avoided if meeting of TSL fracture quality is to be expected for the Q&T steels.The casting used for the samples is of simple geometry that provides for fast cooling rates in quenching. More complicated shapes may be expected to develop slower quench-cooling rates. Thus, mixed structures are likely for the low alloy compositions (low harden- ability) and poor fracture properties may result. The answer is - obyipusly to use sufficient alloy to ensure, good quenching response, that is, to eliminate mixed micrqstructureS, in the production castings.The experimental E grade Steel EL

requires additional discussion. The alloy content of this steel is compared to experimental steel EH:
C Mn Ni Cr MoEL 0.22 TT22 .16 .40 720EH 0.30 1.46 .19 .52 .30

The differences in alloy do not explain adequately the presence of large amounts of pearlite in steel EL as compared to the largely martensitic structure of steel EH. Both alloys should be expected to avoid significant pear- rite transformation, for a good quench of the simple plate sample.If these alloy differences are sufficient to result in mixed structures: then we are in real trouble with castings for all compositions. However, it is not reasonable that the alloy effect is this critical.A more reasonable conclusion is steel EL did not receive an effective quench. The quench variable, if coupled with alloy compositions on the low side, may be expected to pose problems.
Normalizing of C (Q&T) CompositionsWe now turn our attention to a C (N&T) of high alloy composition.

C Mn Gr MoF C.27 1.04 .72 .52 .17

This steel falls in the center of the C (N&T) fracture properties band (figure 6). It is normal to the statistical population of this grade.The CWRU microstructural examination cites 50% pearlite and 50% ferrite. This is also normal to the microstructure reported for the other C (N&T) steels. Most importantly, there are no mixed microstructures reported, i.e., martensites and bainites with the pearlite.It is important to know the specific cooling conditions actually used for this steel in normalizing. If these are normal, as for the other C (N&T) steels, then we have to conclude that the low Mn (1.04% compared to the 1.30% -1.65% range used for C (Q&T) steels)
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has a very potent .effect on preventing rriixed structures from developing in normalization for alloy steels.At this point, it cannot be concluded that a C (Q&T) alloy composition can be normalized generally, with results fully equal to the.fracture properties of C (N&T) steel compositions-. Metallurgical logic is opposite to such a conclusion.It is possible to do this by adjusting, normalizing cooling rates with composition, or composition with usual cooling rates. No novel metallurgy is involved. However, the real issues of railroad reclaiming practices are not resolved by this single experiment.The data for this steel cannot be resolved without specific information as to the normalization cooling rates.
METHOD OF DT SPECIFICATION

In developing a DT specification for fracture properties, a decision is first made, as to the desired fracture mechanics criteria. In this case, it is desired to completely exclude brittle fracture for components having a history of such brittle fracture as couplers, for example.From service experience, it is weli- established that both rolled and cast steels are immune to brittle fracture (due to small crack-like defects and/or usual service stress levels) if the fracture properties are in the 0.5YC to YC temperature range. It is the below L, and to a lesser extent, the L to 0.5YC temperature range that provides for such fractures.The service stress levels at corner dr hole-geometry points of couplers may be assumed to approach yield stress levels as a limiting condition. The stress intensification at these points is conservatively estimated to be in the order of three to five times that of points of smooth geometry. In comparison, it should be noted that the best of pressure vessel designs feature 3x stress intensification at nozzles in comparison to hoop stresses.The regions of stress intensification (geometry change points) of couplers are also the points of most, probable location of casting or fatigue crack-1 ike

defects. These are the locations for which fracture initiation is most likely to develop.Thus, the criteria of YC or "close to YC" levels Of fracture properties are desirable for assurance of fracture prevention for couplers. This (evel of fracture properties must be assured statistically for the lowest temperatures of anticipated service.The circled point noted as YC in figure 13 indicated for E steels:* statistical YC-level fracture properties can be assured to 0°F;, * close to YC level fracture properties can be assured at 30° to 40°F.If the subject point (150 ft-lb at 0°F) is used as the DT test specification value, a guarantee of close to YC- level fracture properties is provided to the lowest anticipated temperatures of service (-30° to -40°F).Such a specification is conservative and should essentially guarantee elimination of fracture possibilities for couplers. In other words it should guarantee e fracture-safe coupler.The minimum of 150 ft-lb at 0°F is not mbt (figure 13) by steels that are partially pearlitic, as indicated by the EL steel curve. It is expected all E steels that are quenched to fully bain- ite-rhartensite microstructures should meet this specification. This was explained in other sections of this report, and is the basis for the proposed DT specification value and temperature oftesting.

THE CIRCLED POINT IS SUGGESTED AS A SPECIFICATION VALUE.
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For the C (Q&T) steels (figure 14) the shelf levels of the DT-curve are generally higher and YC-equiyalent point is closer to 200 ft-lb.However, the use of the same 150 ft-lb value as for the E steel is a reasonable approximation for close to YC- level fracture properties. For practical reasons of using the same specification value for both. E and Q (Q&T) steels, it is suggested the specification point shown in figure 14 be used. This is a minimum of 150 ftHb at 0°F.
TEMPERATURE (®C)

FIGURE 14. SUMMARY OF DT CURVES FOR GRADE C (Q&T) STEELS,THE CIRCLED POINT IS SUGGESTED AS A SPECIFICATION VALUE.
This minimum value is not met by C (Q&T) steels of partially pearlitic composition, as indicated by the curves for steels E and B. It is met easily by the remainder of the steels which have bainite-martensite microstructures. The lower strength level of the C (Q&T) steels favors the development of good fracture properties at low temperatures.For B and C (N&T) steels the YC- level point can be set only at 100° and 120°F, as indicated in figures 15 and 16. It is suggested that 120° should be used as the test temperature, for reasons that are evident from the service experience curve of figure 6. The only purpose of this DT specification is to eliminate unusually poor steels.There is no way to improve B and C (N&T) pearlitic steels to provide fracture insensitivity to lowest service temperatures.

Figure 15. summary of dtCURVES FOR GRADE C (N&T) STEELS.
TEMPERATURE (°C)

The described DT test procedures include:* testing at only one temperature;* meeting a minimum foot-pound value at the test temperatures;* because of low scatter/ two test specimens are sufficent.
The specified test-temperature properties can be verified as statistically attainable in production, by sampling(1) keel block from production heats, and (2) samples from castings. Both types of information are of interest.

SUMMARY
It is recommended that fracture properties be specified in terms of the DT test. Minimum fracture-energy values
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a t 0°F  are suggested fo r the C (Q & T )  
and E steels, and at 120°F fo r  the  B 
and C (N & T ) steels.

T h e  single most im portant practical 
question, is to establish if  f ra c tu re -  
safe couplers can be guaranteed fo r  
ra ilroad service tem peratures. E ve ry 
th in g  else simply contributes to th is  
ob jective , i . e . ,  are m atters o f d e ta il.

The  most im portant conclusions a re , 
th a t couplers can be produced econom
ically  which -

completely eliminates fra c tu re  
problems to lowest service  
tem peratures -  fo r  the  Q&T 
steels
have high com m ercial-produc
tion reproducib ility  o f fra c 
tu re  properties  
are specified in modern en
gineering terms fo r  fra c tu re  . 
properties
have improved w eldab ility  fo r  
rep airs , etc.
will satisfy all concerned th a t  
casting properties can be  
reasonably guaranteed , as 
well as test^block p ro p erties .
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ON THE EFFECT OF TRACK GEOMETRY ON 
VEH IC LE RESPONSE IN CURVE NEG O TIA TIO N

BY

E .H . CHANG  
AND

D .R . SU TLIFF

Spiral lengths and th e  amount of 
superelevation fo r  simple and reverse  
curves have been a subject of concern 
to railroad engineers and maintenance 
personnel fo r  many y ears . This con
cern is prim arily  m otivated by the de
s ire  to improve tra c k  geom etry, to de
crease tra c k  m aintenance, to improve 
tra in  handling and, o f utmost impor
tance, to  ensure the  safe operation of 
the  ra ilroad . The  previous study on 
"Minimum Tangent Length between Re
verse Curves fo r  Slow Speed Opera
tion" indicates th e  usefulness of the  
Q uasi-S tatic  Lateral T ra in  S tab ility  
(Q L T S ) model in s tudy ing  tra c k  geo
metries fo r various types of railway  
vehicle operation. I t  is the  in tent of 
th is  paper to s tudy the effects of 
spiral length and superelevation on 
vehicle response when th ey  are in tro 
duced to simple curves and to reverse  
curves with minimum tan g en t length. 
The selection of c ritica l vehicle con
sists are based on th e  population, 
w eight and length o f vehicles. The  
parameters which are  analyzed include 
the  lateral over vertica l force ratio  
( L /V ) ,  the  lateral coupler angle and 
the  overtu rn in g  speed of th e  vehicle. 
The analysis is perform ed fo r the  
empty consists because the L /V  ratios 
are more critica l fo r th e  lig h t car than  
fo r the loaded car in cu rve  negotia
tio n . The methodology used in select
ing "optimum" spiral length fo r a given  
consist and tra c k  configuration is pre
sented. The "optimum" spiral lengths 
fo r a given amount of superelevation  
are determined and compared with 
those based on exis ting  standards or 
formulas.

IN TR O D U C TIO N

In th is  s tu d y , no attem pt has been 
made to cover all the  possible car com
binations, loading conditions, or tra c k  
configurations. Since the  L /V  ratios  
fo r the  lig h t cars are more critica l 
than the  loaded cars in curve negotia
t io n / th e  analysis would be solely 
based on the  empty consists. O nly  
those consists considered to be re p re 
sentative and critical are analyzed. 
Due to th e  fa c t th a t the w eight and 
the he igh t of the c e n te r-o f-g ra v ity  of 
the loaded cars would be d iffe re n t from  
the lig h t cars , the results and recom
mendations presented in th is  paper 
must be applied with care in practice  
fo r the  p a rtia lly  or fu lly  loaded con
sists.

C R IT IC A L  CAR CONSISTS

The potential car candidates used in 
th is  s tudy were selected from the  AAR  
Standard C ar L ib ra ry  (4 ) .  The car  
dimensions and properties are those 
stored in th e  data files of the car l i
b ra ry . According to the car len g th , 
the  potential candidates were grouped  
into fo u r categories:

1. Long car (approxim ately 90 ')
2. Medium long car (approxim ately  

70 ')
3. Medium short car (approxim ately  

45 ')
4 . S hort car (u n d e r 40 ')

From these fo u r categories a total 
of six cars were chosen based on th e ir  
w eig h ts ,, he ight of the c e n te r-o f-  
g ra v ity , tru c k  center distance, popula-

E. H.. Chang is Research Engineer for the AAR. He'received his B.S. in Civil Engineering from the Illinois 
Institute of Technology and his M.S. in Civil Engineering from Caraegie-Mellon University.
D. R. Sutliff is Director ■ Track/Train Dynamics Phase IIlr-for the AAR. He holds a B.S. and M.S. in Civil 
Engineering from the University of Tennessee and- a Ph.Diri Engineering Mechanics from the same University.
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tion of the car, and maximum a tta in 
able coupler angle. Two cars each 
were selected from the long and med
ium long categories (951 auto p a rts , 89' 
piggyback , 70' gondola, and 68' insu l
ated box) and one each from th e  med
ium short and short groups (4 4 1 box 
and 32' gondola). Specifications o f the  
six te s t cars are summarized in Table
1. I t  has to be emphasized th a t the  
heights of the. c e n te r-o f-g ra v ity  of. the  
te s t cars are fo r empty cars on ly . 
When the cars are loaded, th e ir  c .g .  
heights would wary considerably., For 
exam ple, the  c .g . height o f th e  .95' 
auto parts may be as high as 90" to  
98" in loaded condition. The  e ffec tive  
coupler length and the maximum a tta in 
able coupler angle can affect substan
tia lly  the results and the  analysis in 
th is  s tu d y . The detailed dimensions 
and properties of various types of 
coupler can be found in reference ( 5 ) .  
I t  is worth mentioning th a t couplers of 
equal length may have d iffe re n t m axi
mum attainable coupler angles. T h e ir  
limits depend on the coupler yoke and 
s tr ik e r  used. I t  was assumed th a t the  
selected cars have met all design speci
fications recommended by the  AAR ( 5 ) .

m--------

CMSFEC2FXCATXC8RAMI

133------
BOLSTER ’ CURB DISTANCE (IMESS)

---- ---------
DISZAHCB BRWEER SOISm CESTEB t COUPLES FIR (IKEES)

----RJ— .
CABLEBTB COCOUPLES(IRCHES)

--- S5----KM DOMATTAINABLECOOFLEBABU(DEB1EES)

Hi-----

LIGHTWEIGHT(TOO

------ m—

oteshajc(A/B)• RATIO

---- (8)----ESTIMATED EMPTY 'CARC.C.HEIGHT
MTU rACXB LA9 95' 792.0 114.0 60.0(?) or (C)+ 13° , 63.0 0.776 70.0

CORAlXEk Utt 89' 780.0 "lOl.O 43.0<C) o* (*> 13° 34.0 0.794 34.3

S0MB0LA ”  B-6 70' 660.0 61.0 29.0©) 13° 30.0 0.864 30.0
IKSKLAID BOl UB-6 68* 492.0 119.0 43.0(C) or (t) " 13° 43.0 0.674 30.0
MI CM 
nu 14' M8.0 37.0 33.0

(B)
22.0 . 0.733 46.0

Bot&oiA U3-J 32'_ 228.0 49.0 29.0
(A)

79’ 23.0 0.699 , 40.0

Coupler Tree UfoetlT* Uo*th(IMCEES)
(A) B-E60B-HT, B-T10, US, PL S12-B Striker ,(B) ES7AHT, B-Tll, AM PL Ml Striker(C) liSABT eertee, 6. B-T43, 11° Striker(D) P70BET, B-I4J, 816B Striker AM PL-S3S - <l) P79BST Series, 7.B-T1S, 17° Striker(?) US8TS Series, 4.B-T43, 15° Striker - <G) F73BT Series, S,B-T*S. IS9 Striker

TABLE 1. CAR DA TA  USED 
IN THE QLTS STUDY

29.IS 0.00 60.00

The "Minimum Tangent Length  
S tudy" (3 )  has shown th a t i t  is ade
quate to use a s ix -ca r consist to simu
late the typical portion of th e  long 
tra in  in operation. A ny num ber of 
cars g reater than six would produce  
neglig ib le effects on the  results  as 
presented here. A seventh car is

added to the  consist as a "dummy" car 
in order- to obtain complete response 
information about the sixth c a r.. 
(R e fe r to model lim itation ( 1 ) ) .  Based 
on common tra in  m ake-up practice , the  
six cars selected fo r  investigation were 
coupled together to form fiv e  unique  
c a r  consists. They, are given as: 

3 ,  long cars (9 5 ‘ auto p a rts ) -  3
long cars (8 9 1 p iggyback)
3 long cars (9 5 1 auto p a rts ) -  3
medium long cars (70 ‘ gondola) 
3 long cars (9 5 1 auto p a rts ) -  3
medium long car (6 8 ‘ insulated  
box)
3 long cars (9 5 ‘ auto p a rts ) -  3
medium short car (4 4 1 box)
3 long cars (9 5 ‘ auto p a rts ) -  3
"short cars (3 2 ‘ gondola)

Q U A S I-S T A T IC  LATERAL TR A IN  S T A 
B IL IT Y  (Q L T S ) MODEL :

The Q uasi-S tatic  Lateral T ra in  S ta
b ility  (Q L T S ) Model simulates a tra in  
on a prescribed tra c k  in a b u ff or 
d ra ft  , mode. T h e  detailed theoretical, 
development o f the  model can be found  
in the rep o rt by Thomas and co
workers ( I . ) .  A typ ical usage, of the  
model is demonstrated in thie user's  
manual ( 2 ) .  The in p u t to the model 
includes: . (a )  car geom etry, (b )  Car 
characteristics, (c )  tra c k  geometry 
data , and (d )  s teady-sta te  Curving  
forces. The o u tpu t from the model 
consists of: (a )  derailm ent quotients
fo r wheel climb and rail ro llover, (b )  
lateral coupler angle , and displacement, 
and (c )  displacements and forces of 
vehicle , components . The capabilities  
and limitations of th e  model are d is
cussed in g reat detail in reference ( 1 ) .

In calculating the lateral angle en
countered by the coupler during  curve  
negotiation, the  QLTS model assumes 
the  maximum coupler swing limits fo r .  
all the  couplers to be 20 degrees. In 
re a lity , the  maximum attainable limits 
fo r th e  couplers in the  consist d iffe r  
from each other depending on the type  
of coupler used. In practice , force or 
moment red is tributions take place once 
the  maximum attainable limit has been 
reached, b u t th e  red is tributions are 
not accounted fo r in th e  model. Con
sequently , due to th is  lim itation, the
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calculated L /V  ratios would not re flect 
the  actual condition whenever the max
imum attainable lim it of the coupler has 
been exceeded.

in  addition to the  above output v a r
iab les, the QLTS model is capable of 
calculating the  ‘c ritica l speeds'. Based 
on th e  given operating conditions and 
tra c k  geom etry, th e  'critica l speeds' 
(speeds at which th e  resultant force  
acts on points a t distance of one-half 
gauge and o n e-s ix th  gauge) can ! be 
evaluated simply by vary in g  the oper
ating speed. Th is  option can provide  
some insights to th e  s tab ility  o f . the  
consist and the  tendency of a car to 
o v e rtu rn . The  critica l speed based on 
the o n e-ha lf gauge c rite r ia  can be p h y
sically in te rp re ted  as the  overturn ing  
speed, beyond which the  safety of the  
consist may be endangered. The c r it i
cal speed based on the  one-s ixth  gauge 
c rite ria  can be viewed as the (general 
practice fo r  acceptable curve negotia
tion with an adequate s,afety factor 
against o v e rtu rn in g . In the case of 
passenger system , i t  is one of the  
means in achieving good ride q u a lity . 
I t  is worth mentioning th a t the critical 
speeds calculated in th is  study are fo r  
the ligh t cars consists on ly . D iffe ren t 
values of the  critica l speeds would be 
obtained in the case of the  loaded con
sists.

DISCUSSION OF RESULTS OF THE  
QLTS STU D Y

SIMPLE CURVES N EG O TIA TIO N

Due to the topographical b arrie rs  or 
the functional requirem ents of the  
tra c k , curves are  usually introduced  
between portions of tangent track  to 
by-pass obstacles, provide longer and 
easier g rad ien ts , and route the line 
through tra ff ic  centers . Normally, 
spirals are in troduced a t the ap
proaches to the  curves to provide  
gradual trans itio n  from tangent to 
curved tra c k . Th is  permits an in 
crease in operating speed through the  
cu rve , improves rid e  com fort, and les
sens in -tra in  and tra c k  s tru c tu re  
forces. Many standards and formulas 
fo r calculating the  requ ired  spiral fo r  
a given tra c k  geom etry ex is t. They

are developed prim arily  based on the  
considerations of the  lateral acceleration  
in the carbody, the  car geom etry and 
its r ig id ity , and the rate  o f the  lateral 
accelerations (la te ra l je rk )  in the  c a r-  
body. However, little  study has been 
made in comparing th e  re la tive  merits  
of the various methods used in calcu
lating the  spiral length . The existing  
standards or formulas a re , q u ite  o ften , 
being modified to su it the intended  
purposes of each individual ra ilroad! 
Consequently, the  "optimum" spiral 
and superelevation remain to be eva lu 
ated. I t  is the in ten t of th is  section 
to investigate the effects of spiral 
length in curve  negotiation and, possib
ly to gain some insights on the  "o p ti
mum" spiral and superelevation. The  
selection of the "optimum" spiral fo r  a 
given tra c k  configuration is prim arily  
based on the considerations of (a )  
L /V  ra tios, (b )  lateral coupler angle,
(c )  the  o vertu rn in g  speed, (d )  the  
lateral acceleration in the carbody ( r e 
flected in acceptable operation speed),
(e )  overhang ratio  (c a r geom etry) 
and ( f )  the operation conditions (b u ff  
fo rc e s ). In genera l, tra d e -o ff  s tudy  
has to be performed on the above men
tioned param eters. The spiral length  
at which the most favorable  condition  
is achieved fo r most ( i f  not a ll) of the  
parameters would be considered as 
"optimum". O f course, in some ciases, 
no "optimum" spiral may be expected , 
then the  'best' or the  most appropriate  
spiral would be selected.

(A )  Simple Curves w ith no Spiral .

Comparisons between the  results fo r  
the simple curves with no spiral in d i
cate th a t if  the  consist is operated at 
3" unbalance speed and at constant 
b u ff , the  maximum L /V  ratios genera lly  
decrease as the degree o f cu rva tu re  
decreases. The largest reductions in 
the maximum L /V  ratios are ,0.14 and
0 .16  fo r the wheel-climb and ra il-  
ro llover, respective ly , as the  c u rv a 
tu re  decreases from 16° to 6 ° . F igure  
1" summarizes the variations in the  max
imum coupler angle with respect to the  
degree of c u rva tu re . In o rd er to 
maintain the maximum coupler angles 
below the  maximum attainable lim its,
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the highest operational curvatures  are  
13°, 1 5 .3 ° , 16°, 13 .5 ° and 1 0 .3 ° fo r  
the  9 5 '-89 ', the  95 '-70 ', the SS'-SS', 
the  95'-44' and the 95 '-32 ‘ consists 
respective ly .

■ • * FIGURE 1. MAXIMUM
COUPLER ANGLES FOR 3" ,

UNBALANCE SPEED OPERATION AND  
DESIGNATED BUFF LEVEL 

VS. CURVATURE

The calculations of the 'critica l 
speed1 are based on the c rite ria  th a t  
the resu ltan t of forces (c e n tr ifu g a l, 
gravitational and coupler fo rces) acting  
on carbody passes through points of 
distances (a )  one-ha lf of gauge (G /2 )  
and (b )  one-s ixth  of gauge (G /6 )  away 
from e ither side of track  cen ter. I t  is 
obvious th a t the overturn in g  speed is 
a function of the height of cen ter of 
g ra v ity  of the  vehicle, the w eight o f 
vehic le, the  forces exerted on vehicle  
and the tra c k  geom etry. Wellington
(6 )  gives overtu rn in g  speed as equal 
to 185.1/(T5* fo r a vehicle with c e n te r-o f-  
g ra v ity  6' (72 in O  above rail and ru n 
ning on a D degree of c u rva tu re . 
This  may be representative fo r  empty

car of modern design. I t  |s common 
practice with modern equipment to as
sume the  center of g ra v ity  as 7* (84  
in . )  above the ra jls ; leading to o ver
tu rn in g  speed of 170 .0^5’, a more con
servative  and safer value (6 ,). For a 
car with, 98" c .g .  height ( fo r  example, 
loaded. 100 ton hopper c a r ) , t he o ver
tu rn in g  speed would be x /V d”, where x 
is a constant. These expressions are 
only valid fo r  a single vehicle running  
Oh, curves and w ith c e n te r-o f-g ra v ity  
in the neighborhood of, 6' to 7*. Since 
there  is a considerable variation  in the
c .g . height of railw ay fre ig h t cars as 
well as the coupler forces resulting  
from operation conditions, the  applica
tion of these formulas would be inap
propria te  fo r the tra in -co n s is t in gen
era l: /  In th is  s tg d y , the effects of 
c e n te r-o f-g ra v ity  and the  coupler 
forces are considered in the o v e rtu rn 
ing speed and acceptable operation  
(G /6  c r ite r ia ) speed calculation. Six 
Curvatures are analyzed. The selected 
b u ff levels are 60 , 40 , 40 , 40 , 40 and 
40 kips corresponding to 6 , 8 , 10, 12, 
14 and 16 degree of cu rva tu re s , res
pective ly . .
: As can be seen from  fig u re  2 , at
constant b u ff level, th e  critica l speed 
decreases r a th e r ; rap id ly  as the  curva
tu re  increases.. For th e  95'-89' con
s is t, the 95' car Controls the o v e rtu rn 
ing  speed while the 89' car governs 
the  acceptable operation speed. The  
overtu rn in g  speed expressions (d is 
cussed previously) and the  maximum 
allowable ; operating speeds suggested 
by the FRA are also illustra ted  fo r  
demonstration purposes. The plot of 
the  acceptable operation speed sug
gests th a t the 95!-89' consist has to be 
operated a t re la tive ly  low speed (below  
10 mph) on 11° or h igher curve  in 
order to achieve the  G /6  goal. I t  is 
in teresting  to, note th a t the  controlling  
o vertu rn in g  speed almost coincides with 
the speed given by the 170 .0/„ /d ” ex
pression. The o vertu rn in g  speed fo r  
the  89' car is substantia lly  h igher than  
those given by e ith er one of the  ex 
pressions/ it  is mainly due to the low 
c e n te r-o f-g ra v ity  . o f  the  f la t  car. 
Since the b u ff level has been increased 
from 40 to 60 kips fo r the  6° cu rve , 
ho correlation can be made with those
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obtained fo r  o ther cu rva tu res . How
e v e r, the results  are plotted fo r re 
ference purposes. Similar studies 
have been performed fo r the other sel
ected consists; however due to space 
lim itations, the  results are not p re 
sented.

FIGURE 2. C R IT IC A L  SPEED 
V S. CURVATURE

(B )  Simple C urves with Spiral and 
no SuperelevatioTT

Figure 3 shows the plots of maxi
mum L /V  ratios and maximum coupler 
lateral angle versus spiral lengths fo r  
the  95,-8 9 ‘ consist negotiating at 14° 
simple curve  w ith no superelevation at 
17 mph and 40 kips b u ff . Two sets of 
simulation data have been presented. 
The solid line curves represent the  
critica l state perta in ing  to the  B cars 
(o r  a consist of similar cars) in the  
A -B  consist and the dotted line curves  
indicate the critica l v a lu e .fo r  the Car 
B at the  in terface  of the  A -B  consist 
only . The form er can be in terpreted  
as the behavior of the  portio/i of the  
typ ical consist of a long tra in  or as

the  average behavior o f u n it tra in .  
The la tte r can be viewed as the  be
havior a t the  in terface of cars located 
in the interm ediate section of a typical 
consist. With no s p ira l, the  maximum 
coupler lateral angle of the  consist ex 
ceeds the  maximum attainable lim it. As 
the spiral increases, both the maximum 
L /V  ratios and th e  maximum coupler 
angle decreases. A t the  po int beyond 
which no fu r th e r  improvements in the  
maximum L /V  ratios and the  maximum 
coupler angle can be observed, the  
"optimum" spiral length based on the  
L /V  ratios and coupler angling c rite ria  
would be achieved. The  most appro
priate  spiral length fo r  the  14 degree  
simple curve w ith no superelevation  
would be 125'. I t  is, noticed th a t a 
minimum of 35' of spiral is requ ired  in 
order to keep the  maximum coupler 
angle of the 89' car below ts maximum 
attainable lim it in negotiating the  14° 
simple cu rve . I t  is in teresting  to note 
th a t if  a spiral of length longer than  
the "optimum" value is introduced to 
the c u rve , minor adverse effects in 
maximum L /V  ratios and maximum coup
ler angle would’ resu lt. The observa
tion may be due to the fac t th a t no 
alignment control • is provided fo r  the  
consist in the simulation. O ther con
siderations in selecting the "optimurn" 
spiral are the o vertu rn in g  speed the  
comfortable speed, the overhang ratio  
and the operation conditions. Th ey  
would be discussed in th e  la tte r sec
tions.

The percent reduction in th e  maxi
mum L /V  ratios and the maximum coup
ler angle fo r the  14° simple curve  with  
125' of spiral (w ith  reference to the no 
spiral case) is given in Table  2 column
( 2 ) .  The overall reduction ranges 
from 8.87% to 13.11% fo r w heel-clim b, 
from 11.76% to 18.64% fo r the  rail 
ro llover, and from 8.93% to 36.86% fo r  
the  coupler angle.; T h u s , the  advanr 
tage of introducing a spiral into the  
curve is obvious. .

The , effects of spiral length on the  
overtu rn in g  speed and th e  acceptable 
operation speed are demonstrated in 
fig u re  4 fo r the  95l-8 9 ‘ consist.: In
general,, the critical speed increases 
with respect to spiral length . The  .95' 
car controls the o vertu rn in g  speed and
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FIGURE 3. MAXIMUM L /V  
R A TIO  (A )  FOR M AX. COUPLER  

LA T. ANGLE VS. SPIRAL  
LENGTH FOR 14 DEG. SIMPLE 

CURVE W ITH NO SUPERELEVATION  
A T 17 MPH 40 KIPS BUFF
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TABLE 2. PERCENT REDUCTION  
IN MAXIMUM L /V  RATIO  
AND MAXIMUM COUPLER 

ANGLE DUE TO THE  
IN TR O D U C TIO N  OF 

SPIRAL IN TO  TH E SIMPLE CURVE

the 89* car governs the lim it fo r  accep
table operation. For th e . 14° curve

with 125‘ spiral length , the  o v e rtu rn 
in g  speed is approxim ately a t 46 mph 
and th e  acceptable operation speed is 
at 16 .7  mph. I t  is in teresting  to note 
th a t the  acceptable operation speed 
with a 125' spiral being introduced is 
approxim ately equivalent to th e  allow
able speed with 3" unbalance super
elevation. ( i . e . ,  the  3" unbalance 
speed is equal to the  acceptable oper
ational speed ( G /6 ) ) .

FIGURE 4. AVERAGE C R IT IC A L  
SPEEDS VS. SPIRAL LENGTH  
FOR 14 DEG. SIMPLE CURVE  
W ITH NO SUPERELEVATION  

A T 40 KIPS BUFF.

The effects of b u ff force on the  
maximum L /V  ratios and the  maximum 
coupler angle fo r the 95‘-89* consist is 
shown in fig u re  5 fo r the 14° curve  
with 125' sp ira l. The plot indicates  
the  upper lim it on b u ff level, which 
should not be exceeded during  tra in  
operation, in order to keep the  m axi
mum L /V  ratios an d /o r the  maximum 
coupler angle under the desired lim its.

The methodology fo r studying the  
“optimum" spiral fo r curves with spiral
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and no superelevation has been p re -. 
sented. Six d iffe re n t curvatures  have 
been analyzed. Th ey  range from 6 
degrees to 16 degrees. The "optimum" 
spiral length and the corresponding  
reduction in the  maximum L /V  ratios 
and the  maximum coupler angle is sum
marized in Table  2.

FIGURE 5. MAXIMUM L /V  
R A TIO  AND M AX. COUPLER LA T. 

ANGLE V S . BUFF FORCE FOR 
14 DEG. SIMPLE CURVE WITH  
125 F T . OF SPIRAL B U T NO 

SUPERELEVATIO N A T  17 MPH.

(C )  Simple C urves with Spirals and 
Superelevation

The plots o f maximum L /V  ratios  
and maximum coupler lateral angle v e r 
sus spiral lengths fo r the  selected con
sists running on a 10° curve with 4" 
superelevation at 32 mph and 40 kips 
b u ff are shown in fig u re  6. Since the  
consists are  operated a t 3" unbalance 
speed on the  curves w ith and w ithout 
superelevation , i t  is not too surpris ing  
to fin d  th a t the  plots of maximum L /V  
ratios and maximum coupler angle fo r  
the curves w ith and w ithout superele

vation are identica l. I t  has to be 
pointed out th a t the superelevated  
curves with zero spiral do not ex is t in 
rea lity .

FIGURE 6. M AX. L /V  R ATIO  
(A )  AND M AX. COUPLER LA T. 

ANGLE (B )  V S . SPIRAL  
LENGTH FOR 10 DEG. SIMPLE CURVE  

WITH NO SUPERELEVATION A T  
21 MPH AND 40 KIPS BUFF 
ALSO FOR 10 DEG. SIMPLE  

CURVE WITH 4" SUPERELEVATION  
A T  32 MPH AND 40 KIPS  

BUFF

By increasing th e  spiral len g th , the; 
maximum L /V  ratios fo r  ra il-ro llo v e r  
and w heel-clim b, and th e  maximum la t
eral coupler angle, g e n era lly , de
creases or remains constant. As ob
served, the  maximum coupler angle  
tends to decrease more rap id ly  than  
the maximum L /V  ra t io . as the  spiral 
increases. A t a re la tive ly  short spiral 
length (say  25‘ ) ,  the  maximum L /V  
ratios fo r wheel-climb and ra il-ro llo v e r  
are approxim ately 0 .6  and 0.5, respec
tiv e ly . In no case has the  maximum 
attainable limit, fo r  the  coupler angle' 
been exceeded.
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As the  spiral length continues to  
increase, the reduction in the  maximum 
L /V  ratios and the maximum coupler 
angle tend to dim inish. The po int, 
beyond which fu r th e r  increase in 
spiral would produce no effects or 
even adverse effects with respect to 
the  maximum L /V  ratios and th e  maxi
mum coupler angle, would be th e  ap
propriate  c u t-o ff point of the sp ira l. 
In the  case of 10° curve w ith 4" 
superelevation, the c u t-o ff point fo r  
th e  spiral is 80'.

FIGURE 7. AVERAGE  
C R IT IC A L  SPEEDS VS. SPIRA L  

LENGTH FOR 10 DEG.
SIMPLE CURVE W ITH 4" 
SUPERELEVATION A T  

40 KIPS BUFF

The effects of spiral length on the  
critica l speed of the  selected consists 
are shown in fig u re  7. The results  
indicate th a t the acceptable operation  
speed and the o vertu rn in g  speed are  
insensitive to the spiral length . This  
is basically due to the  fac t th a t the  
curve  section of tes t tra c k  is critica l 
as fa r  as the acceptable operation

speed and o vertu rn in g  speed are con
cerned . For th e  consist stud ied , the  
95' car governs the acceptable o p er
ation speed and the  o vertu rn in g  speed. 
For the  10 degree superelevated curve  
equipped w ith 80' of sp ira l, the o v er
tu rn in g  speed is approxim ately at 60 
mph. The  acceptable operation speed 
is 37 mph fo r  the  95'-32 ' consist. The  
results  suggest th a t the speed lim it 
would be 37 mph if it  is desirable to 
keep the  resulting  force acting on c a r-  
body fa llin g  w ithin the center th ird  of 
the tra c k  gauge.

(D )  Effects of Superelevation on Spiral 
Length and C ritica l Speeds

The 4° simple curve with super
elevation and spiral was chosen, and 
th e  selected consists are operated at 
constant speed of 50 mph w ith 80 kips 
b u ff condition. The superelevation is 
varied  from 4 in . to 6 in . The  spiral 
length considered ranged from 100 f t .  
to 200 f t .  The methodology presented  
previously  is used to evaluate the  
spiral length needed. Then the  rate  
of change of superelevation may be 
calculated.

(1) (2) (3)
Curvature, Deg. 4° 4° - 4°
Super elevat ion, in. 4 5 6
Speed, mph 50 50 . 50
Buff Force, Kips 80 80 80
Spiral, ft. 150 175 175
Runoff ft/in. 37.7 35 29.2
Rate of change of superelevation ih/sec. 1.96 2.10 2.52

Consists A 95’-89' B
97.0 99.0 100.5
61.0 63.2 66.5

A951-70' B
97.0 98.0 100.0
59.0 62.3 64.8

A95'-68’ B
97.0 98.6 100.4
61.0 63.5 66.0

A95'-44' B
95.5 98.0 99.5
47.6 44.0 53.0

A95*-32* B
• 95.0 97.0 99.5

40.7 44.4 50.0
NOTE: A - Overturning Speed (G/2 criteria)B - Acceptable Operation Speed (6/6 criteria)

TA B LE 3. EFFECTS OF 
SUPERELEVATION ON SPIRAL  

LENGTH AND C R IT IC A L  SPEEDS

210



Comparisons between, th e  results  fo r  
4 " , 5" and 6 " , superelevation indicate  
th a t the maximum L /V  ra tio s , the  max
imum coupler angle and the  critical 
speed behave in similar fashion. Table  
3 summarized the results  fo r  the  4° 
cu rve  with 4 " , 5" and 6 " , supereleva
tio n . The  requ ired  sp ira l-le n g th s  are  
150', 175' and 175' fo r  th e  4 " , 5 " , 6", 
superelevation respective ly . The  ru n 
o ff decreases from 37 .7  f t / in  to 29 .2  
f t / i n . ,  as the  superelevation increases 
from 4" to 6". Basically, th is  is due 
to fac t th a t the  unbalanced supereleva
tion is decreased from 3" to 1". The  
critica l speeds fo r both o vertu rn in g  
and acceptable operation genera lly  in 
crease as the  superelevation increased 
from 4" to 6 " . F in a lly , the comparison 
indicates th a t th e  maximum L /V  ratios  
decrease s lightly  and the maximum 
coupler angle is maintained in same 
level as the superelevation is increased 
from 4" to 6".

( £ )  Comparison w ith Existing  
Standards

A lite ra tu re  su rvey  indicates th a t  
th ree  methods exist fo r  determ ining  
the  length of spiral fo r curve tra c k . 
T h e y  are given as:

I .  Based on superelevation only  
SL = 62 E to 104 Ea a

I I .  Based pn unbalanced elevation  
and speed
SL = 1 .22  Eu V to 1 .6 3 'E  V .

I I I .  Based on speed and time
SL = 3 /4"  superelevation per sec 
to 1 V  superelevation per sec

where

SL = length of spiral 
E = actual superelevation in 
inches I ,
Eu = unbalanced superelevation in

inches i
V = speed in mph |!

The f ir s t  and the  second method cor
respond to the  form ulae suggested by  
th e  AREA. Th ey  are  based on the  
considerations of the torsional r ig id ity

and the  lateral accelerations of the c a r- 
body.

In Table 4 , the  spiral lengths ob
tained from the  Q LTS study are com
pared with the values calculated from  
the  existing form ulae or standards. It  
can be observed th a t the  spiral lengths  
from the Q LTS study are s lig h tly  lower 
than the minimum spiral suggested by  
the AREA. Comparison with the FRA 
standards indicates th a t the spiral 
length fo r  10?, 8 ° , and 6° curves from  
the QLTS study is close to the values 
suggested b y  the  FRA standards fo r  
the class 4 tra c k . The spiral length  
fo r  4° and 2° curves fa lls  between the  
values fo r the  class 5 and the class 6 
recommended by the  FRA. The ru n o ff 
based on the  Q LTS study is approxi
mately 2 V  superelevation per second 
travel tim e.

Curvature (DEG) 10 8 6 4 2
' Superelevation (IN) 5 6 4 •. 6
Buff Poree (XIPS) 40 40 60 80 80
Velocity (MPH) 32 38 46 50 80
QLTS STUDY 80 100 125 150 275
AREA Min 1.22 Eu V 117 139 168 183 293Max 1.63 Eu V 1S6 186 225 245 391

CLASS 3 62 78 93 62 93
FRA CLAbS 4 83 ♦ 103 + 124 + 83 124CLASS 5 124 155 186 124 186

CLASS 6 248 310 372 248 + 372 +
Baaed onSuperelevation 62 Ea 248 310 372 248 372
only 104 Ea 416 S20 624 416 624
Baaed on 3/4a/eec runoff 250 372 540 391 939

V/eec 188 279 405 293 704
UVeeo 150 223 . 324 235 563
-25*860 94 139 202 147 * 352
2h’/seo 75 + i n * 162 + 117 282 *

TABLE 4. COMPARISON OF 
SPIRAL LENGTH W ITH E X IS T IN G  

STANDARDS

REVERSE CURVES N EG O TIA TIO N

Reverse curves w ithout supereleva
tion and w ithout spirals are found  
quite fre q u e n tly  in yards where a high  
degree of cu rve  was used to maximize 
car capacity o f each tra c k , to perm it 
access to existing  fac ilities , or in re 
arranging trackag e  on existing  r ig h t-  
df-w ay to e ffec t improved operations. 
A number o f yards req u ire  the move
ment Of long tra in s  into and out of 
yards th rough a series of cross-overs  
where little  o r no tangent exists be
tween curves.
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The previous study (3 )  on tra c k  
geometry is devoted to the  determ ina
tion of the  minimum iength of tangent 
necessary between reverse curves  
(w ith  no superelevation and no sp ira ls ) 
to assure a safe operation o f all car 
consists. The f ir s t  p a rt of th e  discus
sion will demonstrate the  methodology 
used to evaluate the  minimum tangent 
between reverse curves. The  effects  
of adding spirals to the reverse curves  
with minimum tangent length will be 
presented in the  second p a rt of discus
sion. Basically, it  is the extension Of 
the  previous minimum tan g en t length  
study.

FIGURE 8. MAX L /V  R ATIO  
(A )  .AND MAX. COUPLER LA T.

ANGLE (B )  V S . TANG ENT  
LENGTH FOR 10 DEG. REVERSE 

CURVES WITH NO SPIRAL  
AND NO SUPERELEVATION  

A T 21 MPH AND 40 KIPS BUFF

(A )  Minimum Tangent Length (M T L )  
Study

The maximum L /V  ratios and the  
maximum lateral coupler angle fo r the

95'-32' (long c a r-s h o rt c a r) consist fo r  
the 10 degree reverse Curves with v a r 
ious tan g en t lengths are shown in f ig 
ure  8 . T h e  consist is operated a t the  
speed equivalent to 3" unbalance. The  
tangent length is increased from  zero  
to f i f ty  fe e t in 10' increm ents. The  
plot o f maximum lateral coupler angle  
shows a considerable decrease from 8 .6  
degrees a t 10' to 6 .8  degrees a t 30'. 
A t tangent lengths g reater than 30', 
no improvement is observed. The  plots 
of the L /V  ratios fo r  ha il-ro llover and 
w heel-d im b reveals a similar behavior. 
Since th e  maximum attainable coupler 
angle fo r  th e  32' gondola equipped with  
a 29" coupler shank is 7 degrees, a 
minimum tangent length of 30* would be 
necessary fo r 10 degree reverse  
curves.

FIGURE 9. MAX. L /V  RATIO  
AND M AX. COUPLER LA T.

ANGLE V S. BUFF FORCE FOR 
10 DEG. REVERSE CURVES  

W ITH 30 F T . TA NG ENT BUT  
NO SPIRAL AND NO 

SUPERELEVATION A T 21 MPH.
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The maximum L /V  ratio  fo r wheel- 
climb and ra il-ro llo v e r are  g reatly  in 
fluenced by the  b u ff level a t which the  
tra in  is operated.. For the  10 degree  
reverse curves , a b u ff level of 40 kips 
was used to evaluate the  minimum ta n 
gent length. Once the  minimum ta n 
gent length has been located a t a sel
ected b u ff ley el,, o ther b u ff  loads from  
20 kips to 200 kips w ere investigated. 
In fig u re  9 , the relationships between 
the  L /V  ratios and b u ff load are shown 
fo r the 10 degree reverse  curves with 
30' of included tangent section.

In fig u re  10, th e  p lot o f the critical 
speed fo r th e  95*-32' consist is p re 
sented. I t  is in teresting  to note that 
the  acceptable operation speed in 
creases as the  tan g en t length increases. 
A t 30' of tan g en t, the acceptable oper
ation speed corresponds approxim ately  
to 3" unbalance speed.

FIGURE 10. . AVERAGE C R IT IC A L  
SPEEDS VS. TA N G EN T  
LENGTH FOR 10 DEG.

REVERSE CURVES A T  40 
KIPS BUFF

Based on the same methodology, the  
minimum tangent lengths fo r reverse  
curves (from  6° to 1 6 °) are evaluated . 
The results  are summarized in Table  5 
(column 3 ) .  The  results obtained from  
the previous AAR study and the  South
ern Railway study are also tab u la ted . 
Excellent agreement is found between 
the MTL study and the earlie r stud ies.

.Degree of Reverse Curves DBS.
A.A.R.Study Southern Railway  ̂ Study A.A.R.-"MIL" Study - Recommended for yard operation

Under 6 O’ / o' ■ 0’
6 0* 20’ o' ••
7 o’ ; 30’ 10'
8 10' / 40' 20’
9 20' / 60' 25’
10 30 v' 70’ 30'
11 40’ 70'. 40’
12 50' 70’ 50'
13 60* 70' 60'
14 70' 70' See Note A
IS 70 70' See Note A
16 - See Note A

Note A :‘Based on the ”KTL" study and the car combinations used, reverse curves 14° and larger cannot be negotiated without exceeding the maximum coupler angle regardless of tangent length. If these curves oust be used, spiral lengths should be provided between the tangent and the curve.

TABLE 5. MINIMUM  
TA N G EN T LENGTHS BETWEEN 

REVERSE CURVES

(B )  Reverse Curves with Minimum
T angent Length and with Spirals

In the  "MTL" s tu d y , i t  is fbund  
th a t reverse curves of 14° and la rg e r  
cannot be negotiated (fo r  the selected  
consists used in the  s tu d y ) w ithout 
exceeding the  maximum attainable Coup
ler angle regardless of tangent length . 
The introduction of spiral length into  
the  reverse curves of 14° or h igher is 
recommended if  such curves cannot be 
avoided. In th is section, the effects  
of the spiral length on the vehicle re 
sponse during  the reverse curves neg
otiation are investigated.

Figure 11 shows the  maximum L /V  
ratio and th e  maximum lateral coupler 
angle fo r the  95*-32* consist during  the  
14 degree reverse curves tra v e rs a l. 
The consist is operated at the speed of 
17 mph with 40 kips b u ff. The reverse  
curves include a 70' tangent section. 
Based On the  decreasing pattern  of the  
maximum L /V  ratios and the maximum

213



coupler angle, the minimum spiral 
length requ ired  is 90' to maintain the  
coupler angle w ithin its maximum a tta in 
able lim it. Since there  is no s ig n ifi
cant improvement in the  maximum coup
ler angle fo r the spiral o f length be
yond 125', it  would be the appropria te  
c u t-o ff  po int. T h e re fo re , a spiral 
length of 125' is recommended fo r  ac
ceptable operation in 14 degree reverse  
curves with 70* tangent. T h e  percent 
reduction in the maximum L /V  ratios  
and the maximum coupler angle fo r  the  
14 degrees reverse curves w ith 70‘ ta n 
gent and 125' spiral is tabu lated  in 
T ab le  6 column ( 1 ) .  F igure 12 illu s 
tra te s  the relationships between the  
maximum L /V  ra tio , the maximum coup
ler angle and th e  overhang ( A /B )  ra tio . 
T h e  plot also demonstrates th a t! th e  
overhang (A /B )  ratio is one o f the  im
po rtan t parameters to be considered in 
classifying vehicle types as well as in 
designing th e  vehicje and its compon
en ts . For example, from the  design  
aspect, the maximum L /V  ratios can be 
kept approxim ately at a desired level 
by vary in g  the properties o f vehicle  
and s im ilarly , by proper choice of 
coupler ty p e , the  maximum coupler 
angle can be kep t w ithin its maximum 
attainable lim it. Consequently, th e  cor
responding selected spiral length fo r  
th e  specific reverse curves would be 
"optimum" as soon as the lowest level 
of th e  maximum L /V  ratios and the  
largest "marginal" safety w ith  respect 
to the maximum coupler angle are  
achieved.

The  results of the study show th a t  
fo r  reverse curves (w ith  minimum ta n 
gen t length and no sp ira l) smaller than  
12 degrees, the maximum attainable  
coupler angle would not be exceeded. 
These find ings are more conservative  
than those obtained from the  MTL  
s tu d y . The discrepancy is due to the  
variations in the  assumed c .g .  heights  
fo r  the selected cars in both studies. 
T h e  introduction of the  spiral into  
these reverse curves would only reduce  
th e  maximum coupler angle a n d /o r the  
maximum. L /V  ratios. F igure 13 illu s 
tra tes  the decreasing p attern  of the  
coupler angle fo r the 95‘-3 2 ‘ consist 
fo r  the 10 reverse curves. T h e  reduc
tion in maximum coupler angle tends to 
diminish ,as the spiral length increases.

FIGURE 11. M AX. L /V  R A TIO  (A )  
AND M AX. COUPLER L A T . ANGLE 

(B )  VS . SPIRAL LENGTH FOR 14 DEG.
REVERSE CURVES W ITH 70 

F T . TA N G EN T LENGTH AND NO 
SUPERELEVATION A T 17 MPH 

AND 40 KIPS BUFF

The recommended spiral length is 80' 
beyond which no substantial improve
ment is observed.

Table 6 summarizes the  percent re 
duction in maximum L /V  ratio  and max
imum coupler angle due to the in troduc
tion of the spiral into the reverse  
curves which range from 6 degrees to 
14 degrees. In Table 7 the recom
mended spiral lengths (fo r  acceptable 
operation) fo r , th e  reverse  curves with  
minimum connecting tangent length are  
presented.
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FIGURE 12. M AX. L /V  RATIO  AND  
M AX. COUPLER LA T. ANGLE 

VS. OVERHANG (A /B )  RATIO  FOR 
14 DEG. REVERSE CURVES WITH 

70 F T . OF TA NG ENT AND 
125 F T . OF SPIRAL LENGTH AND  

NO SUPERELEVATION A T  
17 MPH AND 40 KIPS BUFF

0 .7 -

-A»i- ■ & "• &
'  -  32' CAR

23
J3-------------- D-

(a)

----------- o
32 ' CAR

0 ,4 - A WHEEL-CLIMB 
°  RAIL-ROLLOVER 
o COUPLER ANGLE

MAX. ATTAINABLE COUPLER ANGLE 
ON 32'’ CAR WITH 29" COUPLER

50 75 100 125 150
SPIRAL LENGTH, FT.

FIGURE 13. M AX. L /V  R A TIO  (A )  
AND MAX. COUPLER L A T . ANGLE 

(B )  VS. SPIRAL LENGTH FOR 
10 DEG. REVERSE CURVES WITH  
30 F T . TANG ENT LENGTH AND  

NO SUPERELEVATION A T  21 MPH 
AND 40 KIPS BUFF

TABLE 6. PERCENT REDUCTION  
IN MAXIMUM L /V  R A TIO  AND 

MAXIMUM COUPLER ANGLE 
DUE TO THE IN TR O D U C TIO N  

OF SPIRA L IN TO  THE  
REVERSE CURVES

Degree of Reverse Curves Recommended Tangent Length ** Recommended Spiral Length fc- Acceptable Ooera-
Under 6° O’ 50’

6° O’ 50'
7° 10’ 60' +
8° 201 70*
9° 25' 75’ +

10° 30' 80*
U° 40* 90' +
12° 50' 100'
13° 60* 115' +
14° 70'* 125'
15° 70'* 150' +
16° 70'* 175' +

* Tangent length not recommended without the introduction of the 
spiral into reverse curves '(Ref.3)

** Based on the study of the Minimim Tangent length between Reverse 
Curves (Ref.3)
+ Estimated value

TABLE 7. SUMMARY OF THE  
STU D Y OF REVERSE CURVES WITH  
MAXIMUM TANG ENT LENGTH AND  

SPIRAL LENGTH

215



SUMMARY AND CONCLUSIONS

It  has been shown th a t the  QLTS  
model is an e ffic ien t tool in correlating  
the tra c k  geometry to the  vehicle re 
sponse. The response parameters con
sidered include the maximum L /V  ratios  
fo r wheel-clim b and ra il-ro llo v e r and 
the maximum coupler angle. The  o v er

tu rn in g  speed and the acceptable oper
ation speed are also studied. An ind.i-* 
cation, has been found th a t the  QLTS  
model can also be used as an e ffec tive  
tool in classifying and designing ra il
way vehicles and th e ir  components as 
well as the tra c k  s tru c tu re . In the  
following section, the conclusions 
reached from the analyses presented in 
previous sections are given.

SIMPLE CURVE NEG O TIA TIO N

(A )  Simple C urve with no Spiral

For .the consists operating a t 3" u n 
balance speed and at constant b u ff  
level, the maximum L /V  ratios g en er
ally  decrease as the degree of c u rva 
tu re  decreases. The largest reduc
tions in th e  maximum L /V  ratios are
0 .14  and 0 .16  fo r the wheel-climb and 
ra il-ro llo v e r, respective ly , as the  c u r
vature  decrease from 16° to 6 ° . F ig
ure 1 summarizes the variations in the  
maximum coupler angle with respect 
to thei degree of c u rva tu re . In order  
to maintain the maximum coupler angles 
below the maximum attainable lim its, 
the highest operational curvatures  are  
13°, 1 5 .3 ° , 16°, 1 3 .5 ° , and 1 0 .3 ° fo r  
the 9 5 '-8 9 ', the 9 5 '-7 0 ', the 9 5 '-6 8 ', 
the 95‘-4 4 ‘ and the 95'-32' consist, 
respective ly . The overtu rn in g  speed 
and the acceptable operation speed fo r  
the selected consists are tabulated in 
Table 8 . i In fig u re  14, the average  
critical speeds fo r simple cu rve  entries  
(w ith  no ispiral and no superelevation) 
are presented.

! ' '
(B )  Simple Curves with Spiral 

and no Superelevation

The introduction of the  spiral tc> 
the simple curve with no supereleva
tion has g reat effects in reducing the  
maximum L /V  ratios as well as the

A - Overturning Speed* roph B - Acceptable Operation Speed, mph
The operation of the consist on the designated curvature is not recommended without the introduction of the spiral

TABLE 8. SUMMARY OF 
O VERTURNING  SPEED AND  

ACCEPTABLE OPERATION SPEED 
FOR SIMPLE CURVES W ITH NO 

SUPERELEVATION

FIGURE 14. AVERAGE  
C R IT IC A L  SPEEDS FOR THE  

N EG O TIA TIO N  OF CURVES WITH  
NO SPIRAL AND NO SUPER

ELEVA TIO N , AND CURVES WITH  
SPIRAL AND NO SUPERELEVATION
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maximum coupler angle. The critical 
speeds are  increased due to proper 
choice o f sp ira l. Based on th e  analy 
sis perform ed, the  95'-32 ' consists is 
the  most critica l one w ith respect to 
the  maximum coupler angle fo r all the  
simple curves w ith designated spiral 
lengths. T h e  o v ertu rn in g  speed and 
th e  acceptable operation speed analyses 
do provide a guideline on tra in  opera
tion a t the  given condition. F igure 14 
summarizes the  improvement on the av 
erage o vertu rn in g  and acceptable oper
ation Speed due to the  introduction of 
th e  s p ira l. The maximum allowable op
e ra tin g  speeds suggested by the FRA 
are also shown fo r comparison p u r
poses. The  overhang ( A /B )  ratio  can 
be considered as one of th e  im portant 
param eters in classifying th e  railw ay  
vehicle as well as in designing the  
vehicle and its components. T h e ' re 
commended Spiral lengths fo r simple 
curves are  tabulated in Table  9 and 
th e  corresponding percent reduction in 
the  maximum L /V  ratio  and the maxi
mum coupler angle is given in Table  2.

Degree of 
Curvature

Speed
mph

Recommended Spiral Length for 
Acceptable Operation, ft. *

Under 6 125
f 27 rl25 -
7 115+
8 .23 100
9 90+

, /■ 10 21 80
11 90+
12 19 100
,13 115+
14 17 125
15 ' 140+
16 16 150

+ Estimated Value
* Based on one-sixth gauge criteria

TA B LE 9. SUMMARY OF 
THE STU D Y OF SIMPLE  

CURVES W ITH SPIRA L LENGTH

(C )  Simple C urves w ith Spirals  and 
Superelevation

By introducing the  appropriate  
spiral to the simple, curves w ith sel
ected superelevation, the  maximum L /V  
ratios as well as the  maximum coupler 
angle have been reduced. The im
provements tend to diminish as the  
curvaturq  decreases. Based on the  
analysis p erfo rm ed , limited insights  
have beejn obtam ed w ith respect to the  
suitable ru n o ff which is to be used fo r  
each p articu lar superelevated Curve. 
The overtu rn in g  speed and the accep
table operation speed analyses do p ro 
vide a guideline on tra in  operation at 
the given condition. In fig u re  15, the  
average critica l speeds fq r curve  neg
otiation are g iven . The  maximum allow
able operating speeds as suggested by  
the FRA are also presented fo r compar
ison purposes. The  overhang (A /B )  
ratio is one of th e  im portant parameters  
in classifying as well as in designing  
the railway vehicles and th e ir  compon^. 
ents. The recommended spiral length  
fo r the simple curve  w ith designated  
superelevation is g iven in Table 10.

FIGURE 15. AVERAGE  
C R IT IC A L  SPEEDS FOR THE  
N EG O TIA TIO N  OF CURVES  

W ITH S P IR A L AND  
SUPERELEVATION
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The suggested ru n -o ff  fo r  the spiral is 
also indicated. F ina lly , th e  o v e rtu rn 
ing speed and the acceptable operation  
speed fo r the superelevated curves  
considered are summarized in Table  11.

CURVATUREDEG. 10° 8° 6° 4° 2°
SPEED ,MH3 32 ■38 46 50 80
SUPERELEVATIONINCHES 'i 5 6 4 6
SPIRAL LENGTH FEET 80 100 125 150 - 275
RUNOFF FT/IN SUPER. 20.0 20.0 20.8 37.7 45.8
RATE OF CHANGE IN SUPERELEVATION IN/SEC.

“
2.79 3.24 1.96 2.56

TABLE 10. SUMMARY OF CURVE  
ENTRIES W ITH SPIRAL AND  

SUPERELEVATION

Curvature, Deg. ' 10° 8° . 6° 4° 2°
Spiral Length, Ft. 80 100 125 150 275
Superelevation, in 4 5 6 4 6
Speed, HPH 32 38 46 50 80

Force, --L, Kloa 40 40 60 80 80
A 60.8 70.4 82.0 97.0 145.3
B 38.0 45.r5 54.0 61.0 97.5
A 60.5 ■ 69.5 82.0 97.0 144.0
B 36.0 44.7 52.6 59.0 95.0
A95' - 68' B

60.8 70,0 82.3 ' 97.0 144.0
37.5 45'.0 53.4 61.0 97.0

A95' -'44' B
60.0 (9.9 81.6 95.5 .144.3
36.6 .44.8 50.5 47.6 68.0

A95’ - 32' B
60.4 69.4 81.0 95.0 144.2
37.0 42.8 39.1 40.7 96.6

NOTE:
A - Overturning Speed* nph B - Acceptabel Operation Speed, mph

TABLE 11. SUMMARY OF 
OVERTURNING  SPEED AND  

ACCEPTABLE OPERATION SPEED 
FOR SIMPLE CURVE W ITH  

DESIGNATED SUPERELEVATION  
AND SPIRAL

REVERSE CURVES N EG O TIA TIO N

(A )  Minimum Tangent Length S tudy

The MTL study (1 )  indicated th a t 
there  appears to be no need fo r ta n 
gent between curves of 6 degrees or 
less. For reverse curves over 6 de
grees bu t under 14 degrees tangents  
should be provided between the  curves

at least as long as those indicated in 
Table  5 . For reverse curves 14 de
grees o r la rg e r, the maximum coupler 
angle is exceeded regardless of the  
length of tangent between curves. U n
less spiral lengths are provided be
tween the  tangent and the c u rve , 
reverse curves of 14 degrees o r la rg er  
should, th e re fo re , be avoided.

• (B )  Reverse Curves with Minimum
T angent Length and with Spirals

The  introduction of the spiral to  
the  reverse  curves with minimum ta n 
gent length d e fin ite ly  has made a g reat 
contribution to the reduction of the  
maximum L /V  ratios and the maximum 
coupler angle. Based on th e  . analysis  
perform ed, the 95l-32' consist is the  
most critica l w ith respect to th e  m axi
mum coupler angle fo r all the  reverse  
curves w ith designated tangent lengths  
and spiral lengths. I t  is apparently  
due to th e  short coupler length equip
ped on th e  32' gondola and its short 
tru c k  center distances. The overhang  
(A /B )  ratio  is an im portant non-dim en
sional q u an tity  in classifying th e  ra il
way veh ic le. The  recommended spiral 
length fo r  acceptable operation on re 
verse curves is summarized in Table  7 , 
and th e  percent reduction in th e  max
imum L /V  ratio  and the maximum coup
ler angle due to the introduction of 
the  recommended spiral length can be 
found in Table  6.
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FREIGHT! CAR H U N TIN G  MODELS AND T H E IR  V A L ID A T IO N

BY

Y , H . TSE

V . K . GARG

D. R . S U TLIFF

The operating speed of a; fre ig h t  
car is often limited by 'tru c k  h u n tin g ', 
a self-exc ited  vibration phenomenon in 
which a tru c k  oscillates v io len tly  in 
the lateral direction of tra v e l. The
paper describes two mathematical 
models developed at the  Association of 
American Railroads under the  T ra ck  
T ra in  Dynamics Program to investigate  
the  hunting behavior of a fre ig h t car. 
One of the models is a linear model and 
is based on the e igenvalue-eigenvector 
solution of the  equations of motion. 
The other is a non-linear model which 
provides a time domain solution fo r  the  
system. The fie ld  tes t conducted at 
the Union Pacific Railroad to validate  
the  hunting models is b r ie f ly  d is 
cussed. Results of the models are  
compared with the fie ld  te s t data .

IN TR O D U C TIO N

One of the  many problems faced by
U .S . railroads today is fre ig h t car 
hu n tin g . Hunting is a phenomenon 
which occurs predom inatly on tangent 
tra c k  due to lateral dynamic in s tab ility  
of the fre ig h t c a r /tru c k  system . The  
hunting mojtion is a major constra in t to 
satisfactory operation of the  fre ig h t  
car on tangent tra c k .

H unting , a coupled lateral and yaw  
motion of w heel-axle sets a n d /o r  side 
fram es, is mainly due to a combined 
interaction of creep forces and w heel/ 
rail contact geom etry. A t low o p erat
ing speed with small lateral displace

m ent, th e  w heel, conicity provides g u id 
ance to the  w heel-axle  set w ithin its 
clearances. B u t a t high speeds, the  
conicity o f th e  wheel may induce  
lateral dynamic in s tab ility . To provide  
self-cen tering  action and fo r a satis
fac to ry  response of th e  fre ig h t car to ' 
track  in p u ts , a large  wheel conicity is 
often desirab le . However, to achieve 
satisfactory dynamic s tab ility  on ta n 
gent tra c k  a t high speed, conicity  
should be small. T h u s , the  conflicting  
requirem ents fo r guidance and s tab ility  
pose a challenge to the fre ig h t c a r /  . 
tru c k  designer.

Two mathematical models have been 
developed under the  auspices o f  the  
Task I I I  activ ities  of the  T ra c k  T ra in  
Dynamics Phase II Program to analyze  
the hunting behavior o f fre ig h t cars . : 
One is a linear model based on the  
eigenvalue-e igenvector form ulation. ' 
The model assumes the  fre ig h t car as a 
linear dynamic system and predicts the  
critical speed and critica l frequency  
fo r the onset of tru c k  hunting in a 
fre ig h t c a r / t r u c k . design. One of th e  ; 
uses of th is  model th e re fo re , is as a . 
design tool. By vary ing , individual de
sign param eter fo r the suspension sys
tem, |t  is possible to study the in flu - , 
ence of each on the  critical speed of 
hunting .

T h e  other fre ig h t car hunting model , 
is a nonlinear model and provides a 
time-domain solutioni Under a speci
fied set o f in itia l conditions, time h is
tories fo r all the  degrees of freedom
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Technology in 1973.
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Engineering from the University of Tennessee and a Ph.D in Engineering Mechanics from the same University.
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are generated . The  resulting  forces 
and displacement are  computed.

To validate above models, a compre
hensive fie ld  te s t program was con
ducted on the  Union Pacific Railroad. 
In th is p ap er, these hunting models, 
along w ith fie ld  te s t results are des
cribed b r ie f ly . A comparison between 
the model resu lts  and the tes t data is 
also presented.

W HEEL-RAIL IN TE R A C TIO N  MODEL

Basically, hunting  is induced by  
w heel/ra il in teractio n . On a tangent 
tra c k , wheel conicity o ffers  guidance 
to the w heel-axle set fo r  small d is
placements and low operating speeds. 
A slight lateral o ffse t of the wheelset 
will induce a d iffe rence  in the rolling  
rad ii' between two wheels of an axle. 
The axle will t r y  to steer itse lf back 
to its equilibrium  position, and will 
make an angle w ith the  ra ils . As the  
axle rolls fo rw a rd , the  wheelset lateral 
and yaw motion induce the  hunting  
condition. As the wheelset moves 
la te ra lly , the geometry changes and 
symmetrical equilibrium  between two 
wheels o f an axle is d is tu rbed . A net 
lateral restoring  force try in g  to push 
the wheelset back to its original posi
tion is form ed. For new wheels with 
constant con ic ity , th is  force is propor
tional to the o ffse t and the proportion
a lity  constant is often termed "lateral 
gravitational s tiffn ess". W ithout damp
ing , the wheelset will continue to oscil
late with a lateral displacement ampli
tude equal to th a t o f the initial o ffset. 
The creep forces between wheel and 
rail t r y  to act to restore the wheelset 
to an equilibrium  position. Creep  
force depends on the  re la tive  velocity  
between wheel and ra il’ and the  loading 
on: the ra il. The damping term given 
by the creep force is simplified by 
Reynolds [1 ] as:

2
Speed (-W  x geom etry + S x in e rtia ) 

Creep Coeffic ient

o u t. Above a certain speed, the  
second term  becomes predom inant and 
th ere  is a negative damping. A ny p e r
turbation  will induce the axle lateral 
and yaw displacement to build up until 
flange contacts the  ra il. A t th a t in 
stance, the tru c k  oscillates with a 
large constant am plitude. In system  
control th e o ry , th is  is re fe rre d  to as 
limit cycle Oscillation, meaning th a t a 
closed loop o r path is formed on a 
state plane tra jec to ry .

T h u s , it  is evident th a t a complete 
analysis of the  lateral s tab ility  of a 
fre ig h t car should include a suitab le ' 
model fo r the  w heel-rail , in teraction . 
The linear and nonlinear hunting  
models have d iffe re n t approaches in 
modeling th is in teraction .

LINEAR MODEL

A li near wheel -  rai l interaction model 
consists o f two parts:
(a )  creep^force and ( b )  g rav ita tio n a l- 
fo rce . In order to use, the e igenvalue- 
eigenvector form ulation, these forces 
should be linear. The rationale fo r  
developing these linear equations is 
not given here bu t cart be found in re 
ference [2 ] .

W, w eight S , speed

When speed is small, the damping 
term is negative indicating real damp
ing. Oscillations thus will be damped

Considering a single w heelset, the  
net lateral creep force is given by

(2 )

E 1  *  2 f23:(5l - 52-
cz 22 v 23 Y — ~
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and the  net creep moment is:
C3>

Me= ~ 2 t23(-S=Si)-h2f33  . £  "

- f3 3 ( 5l r ^ 2 )+ 2 f n  ( .a i l  *  :

.So- T “  V Rq

where

' 5l - 52 ■ Z ( b .+ R50 1
1  . b [^R-R' R-R' J

and re fe r  
notations.

to fig u re  1 fo r other

The lateral gravitational force is
(4 )

F  -J L _  
a  R-R'

f  T ^ 2Bao+2V o . l  „•
i  *  J z

FIGURE 3. T Y P IC A L  CREEPAGE- 
C O EFFIC IEN T OF FR IC TIO N  

RELATIO NSHIP

Figure 3 shows a typ ical represen
tation of this relationship fo r the nom
inal condition. Creepage is defined as 
the re la tive  velocity  between th e  wheel 
and rail divided b y  the  forw ard  velo
city.. C , C and C are the  creep  
velocitiesx  in ^respective direction as 
shown in fig u re  2.

C = X+(Zcp-Z) <£cos<MX/Rn) RcpCoscj) (6) 

Cr * Z-(Zcp-Z)|sin<j)+(X/R^)RcpS:Lii<}>

and the gravitational moment is
(5 )

Mq*  Wa0a<f>

I t  may be noted th a t the indepen
dent variables are Z , i ,  <j) , and $ and 
all terms in the equations are linear.

< y  *  «cs

Then the total creepage, 

C » J  Cx2+Cy2+Cz2'/X (7 )

NONLINEAR MODEL

As mentioned earlie r, the  linear 
hunting model assumes a constant creep  
coefficient. This implies the  creep  
forces increase whenever the creepage  
is increased. In re a lity , th e  creep  
force cannot be h igher than t h e ‘(pure 
sliding force . Thus above a certain  
creepage/ the  limiting coefficient of 
fric tion  is the constant sliding coeffi
c ient. A lite ra tu re  survey reveals' th a t  
there  is a v a rie ty  of opinions on the  

7 relationship between the equivalent co
e ffic ien t of fric tion  and the creepage.

FIGURE 2. CREEP COMPONENTS

From fig u re  3 , the  equ ivalent coeffi
c ient of fric tion  can be obtained using
C , equation (7 ) .  The creep force is
then given as

*c £  * (8 )

The th ree  
force will be

components of the creep

F= fx  ’  Fc f
C T o ta l

(9 )

F = F Cx
c fy  c f c T o ta l

Fc fz  = Fc f
Cx

C T o ta l /
/

where C total = J  c 2: -b c 2 +  c~^

Zcp, Rep and 6 in equations (6 )  
and (7 )  depend upon the  contact point 
between wheel and ra il. In linear
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analys is , these are th e  linear functions  
of wheelset lateral displacement and 
wheel con ic ity . In th e  nonlinear model, 
a scheme has been developed to estab
lish th e  contact point between wheel 
and rail fo r  a given configuration . 
The scheme is in itiated  by moving a 
search point across the ra ilhead. A t 
each search point:, the  distance of the  
"closest .approach" is defined here as 
th e  path, th e  wheel and rail w ill move 
along if  the point is the  co rrect con
ta c t po in t. Among all' "closest 
approaches" a t these search points, 
the  shortest distance is selected as the  
actual path o f approach and the  appro
p ria te  search point will be the  actual 
contact po in t. F igure 4 shows the  flow  
c h art o f th is  scheme. In th e  model, 
the  wheel configuration is considered 
to be a combination of the wheel v e r t i
cal displacem ent, lateral displacement, 
yaw angle and the  roll angle. This  
scheme enables one to establish the  
contact geometrical characteristics  of 
any combination of wheel and rail p ro 
file s . The  scheme has been verified  
fo r a new wheel and new rail combina
tio n . F u rth e r development will extend  
it  to an a rb it rs /y  combination.

VEHICLE MODEL

By modeling, th e  complex fre ig h t  
car mechanical system is transform ed  
into a netw ork of rig id  bodies con
nected w ith spring and damper ele
ments. in  the linear analysis, spring  
and damping forces are linear fu n c 
tions o f displacement and ve lo c ity , re 
spectively. In the  nonlinear analysis, 
these functions may be b ilin ea r, piece- 
wise continuous or s tep . \

LINEAR MODEL

The linear model fo r  a fo u r axle  
fre ig h t car system has tw e n ty -fiv e  de
grees of freedom . Each w heel-axle set 
is assigned two degrees of freedom  
corresponding to lateral and yaw mo
tions. Each tru c k  bolster has degrees  
of freedom in the  la te ra l, yaw and roll 
directions. The tru c k  side frames are  
allowed degrees of freedom in the  la
tera l and longitudinal d irections. The  
carbody is provided w ith th ree  degrees 
of freedom corresponding to la tera l, 
yaw and roll motion (f ig u re  5 ) .

FIGURE 5. LINEAR TRUCK  
H U N TIN G  MODEL

Jn the model, the axles are assumed 
to run fre e ly  under the  journal bear
ing w ithout bearing fr ic tio n . Lateral 
clearances between w heel-axle  sets/and  
tru c k  frames have been neglected. ] All 
displacements are assumed to be small. 
Nonlinearities aris ing from  suspension 
stops, wheel flange contact, d ry  f r ic 
tion in suspension elements e tc .,  have 
been neglected.

In itia lly , equations of motion fo r the  
system are developed to re late  the  mo
tion of one component to another. 
These components are conceived as
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connected by s p rin g -lik e  stiffnesses  
and dashpot-like dampers. By ysing  
Newton's Law of Motion, E F =Mq, 25 
equations are developed.

NONLINEAR MODEL

Figure 6 shows one-half of the  non
linear car model. The other half is 
identical. Table 1 indicates the de
grees of freedom fo r the  h a lf-c a r and 
fu ll-c a r  model. For the h a lf-c a r model, 
one end of the  carbody is assumed to 
be connected to a ground reference. 
The full; car model has a torsional s t if f 
ness to simulate the carbody fle x ib ility  
in the "tw ist" mode, which plays an 
im portant role fo r certain cars during  
hunting ' [3 ] .

FIGURE 6. NONLINEAR FREIGHT  
i CAR H U N TIN G  MODEL

A detailed derivation of the  equa 
tions of motion is not w ithin the  scope 
of th is paper and thus is not included 
here. However, a general description  
of the in teractive  force form ulation at 
the  jo int is b rie fly  discussed. Figure  
7 shows. a general representation of 
the elements which simulate stiffness  
and damping at a jo in t. A t some loca
tions, these elements may not be all 
present. For example, in the vertical 
connection between side fram e and axle , 
f  and K1 should be taken as zero.

Kq  is a constant contract stiffness

Fkg ,K0
(1 0 )

c is a viscous damping

Fc »  c Ox -j- ĵ ) .  (1 1 )

is a stiffness with a clearance

Fk =0 1  2 ...............-
1  Lk i (x i - x 2-<S ’ ) (x 1- x 2 )><Sr

Kf  and f  correspond to the  slip and 
stick1 coulomb fric tion

C K£ (x 1- x2) *  Kf  (xL-x 2 ) *<% (  y 3 )

I f  K f ( x i - x 2 ) * > f

Where ( x - x , ) *  in equation (1 3 ) does 
not re fe r  toJ ifhe orig in b u t to th e  last 
lock-up point. A t low amplitude oscilla
tions, the  fric tio n  element may be locked 
up. Kf , which represents th e  compon
ents e lastic ity  and is connected. to f  in 
series, allows the  components to have 
re la tive  displacements.

FIGURE 7. GENERAL 
REPRESENTATION OF JO IN T  

ELEMENTS

\
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[
A sim ilar method is applied to find  

the  total moments a t the jo in t. This  
general model was suggested by  
A b b o tt, Morosow and MacPherson [4 ] .  
A description of the typ ical data or 
the  jo in t parameters is included in [4 ] .

METHOD QF ANALYSIS

Linear Model

The equations of motion fo r  the lin 
ear model can be represented in m atrix  
form as

(1 5 )[M] {q} + [C'j {q} + [K»] {q> = [d]
In th e  linear analysis, [Q] depends 

upon {cj} jq } and the speed of the  
vehicle and is related to Equations (2 )  
to ( 5 ) .  Equation (1 5 ) can be reduced  
to the  form :

(1 6 )
[M] Cq} + [C] {q} + [K] {q> = [0]

As explained e a r lie r , th e  mode of 
oscillation is stable when a. is nega
tive  indicating an exponentially! de
caying oscillation. Zero implies] pure  
oscillations and positive implies an un
stable mode oscillating w ith an expon
ential b u ild -u p . 3k is the damped f r e 
quency o f the  oscillation associated 
with the kth mode.

Nonlinear Model

The form ulation of equations of mo
tion fo r th is  model is sim ilar to th e  lin 
ear mode. How ever, in th is case the  
terms in [C ‘] and [K 1] in equation (1 6 )  
are no longer constants. Th ey  are  
usually step or piecewise continuous 
functions of {q} and {dj}. T h u s , the  
method used to solve equation (1 6 ) 
cannot be applied. A s te p -b y -s te p  in 
tegration scheme, based on the  Runge- 
Kutta form ulation has been used to  
solve the equations of motion.

Equation (1 6 ) represents a set of 25 
homogeneous equations w ithout any ex 
terna l forcing functions. Matrices [C ] 
and [K ] are no longer symmetric.

The  s tab ility  o f the system (1 6 ) can 
be investigated by solving th e  eigen
value problem.

{p> = [D] {p}
where

w  - w

[D] = [o] [ I ]  .
- [ K j - ^ M ]b «

(17 )

in which [o] and [ l ]  denote the  
null and u n it m atrices, respective ly .
[D ] is th e  dynamical m atrix . Solution 
of the eigenvalue problem. Equation 
(1 7 ) results  in 50 d iffe re n t eigenvalues  
and th e ir  associated e igenvectors. The  
complete solution of [17] would be:

(q ( t )> (1 8 )

where A . and {<}>. } are the  kth 
eigenvalue ahd eigenvector and g k are  
a rb itra ry  constants.

The  resulting eigenvalues will be 
complex conjugate and will be of the  
form

Xk  “ ak +  ie k
(1 9 )

FIELD TEST D ESCRIPTIO N

The objective of th is  tes t program  
was to measure and record th e  dynamic 
response of an 80-Ton Open Hopper 
Car in a railroad environm ent so th a t 
the data, could be used to validate v a r 
ious analytical models. Besides being 
used by the  AAR to validate fre ig h t  
car hunting models, data are also used 
by Clemson/Arizona State U n ivers ity  in 
th e ir  F re ight C ar Dynamics Research 
Program.

The tes t vehicle, was a 8(J)-Ton 
Hopper Car (LN  184701) equipped with  
70-ton , A -3  Ride Control tru cks  with  
tru c k  center distance of SS'IO". 
Special equipment on the  car fo r th is  
test included:

1) H ydraulic  tru c k  forcers  used 
to rotate the  tru c k  to a w arp config
uration while running below the  critical 
speed. Upon a quick release, decay
ing oscillations could be recorded.

2 ) A ir  bag side, bearings which 
allowed pneumatic adjustm ent of side 
bearing loads.

3 ) T ru c k  fram e s tiffen er  
attached to both ends of each side 
frame in o rd er to increase the tru c k  
resistance to w arping forces (use of 
this device constituted one of e ight 
tes t configurations).

/
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There were a total of 90 transducers. A data acquisition system (a mini-computer system to condition, collect, format and store the data on a nine-track, 1600 bpi tape) was installed on board at the AAR Research Car, AAR 100. Each channel was sampled at the rate of 100 samples per second. For details of the measurement methodology and data acquisition, refer to [5]. The test train consist is shown in figure 8.

bo oo Lov— voJ bo oocaboose test car cabooseeo ton hopperLN I047O1
ba:AAR IOO Research Cor DO”  “ U<3OO"locomotive 8DP-35

FIGURE 8. TEST CONSIST
The test configurations are listed in Table 2. The CN profiled wheels were used to simulate a worn wheel configuration. The CN profile, which resembles the nominal worn wheel profile, has been developed by the Canadian National Research Department. CN wheels were used because their profiles are better defined than the common worn wheels. The new wheel used the 1/20 conicity The airbags, when side was specified as zero, and adjusted to nominal clearance specifications. In configuration 3 and 4, the air bag side bearings were inflated to give the specified pressure on the two side bearings, 

K'~~!—1 centerplate

configuration AAR profile, bearing load were deflated

Nominal tlons was lubrication condi- presented by a lubricated centerplate in accordance with Rule 47 of the Fie d Manual of AAR Interchange Rules. "Moly-Kote" lubricant was used. T̂ e torsional resistance of the lubricated condition is given in [6]. Field tests were conducted on Union Pacific track which conforms to FRA track class 4 or better. The test section is a continuous welded rail section suitable for speeds up to 79 mph.
RESULTS
The models have been used to simulate test results of configuration 6, empty car with the new wheels. Validation with other configurations are

still in progress and will be reported subsequently at a later date. According to test procedure, the speed was first incremented until it was found visually that severe hunting oscillations occurred. For this configuration, the critical speed for severe hunting was around 60 mph. The onset hunting speed may be 2 to 3 mph below the critical speed. The test train then ran through the test zone repeatedly with target speeds 25 mph, 35 mph, 45 mph and 55 mph. For each speed, two types of operations were performed, namely forced and unforced runs. For the forced runs, hydraulic truck forcers were used to intentionally distort the truck to a warp configuration. Upon a quick release, decaying oscillations were recorded. Sample test outputs are shown in figures 9 to 12. Unforced runs were made without the , forces being actuated. From figures 9 to 12, it is noted that the decaying rate after each activation of hydraulic forcer decreases as the speed is increased. It was mentioned that the stability depends on the sign of a. in equation 19. a. can be represented by §w. where or. is the natural frequency of the ktn mode and is always positive. The sign of §', usually referred as damping ratio, is the determining factor of stability. The mode is stable when § is positive or vice- versa.
TEST THMV8 F ILE 2 . RUN5 C0NF6 25  MPH AL ADD

2fl. V 3»'.t 4IJ HJ M.l 7|L| Bill 9I.« lA.lnk.»2i.«!3k.lTIHECIN SCC.)

FIGURE 9. FORCER RUN OUTPUT AT 25 MPH
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TEST THHV8 FILE 2 RUNS C0NF6 33MPH AL ROD

It.* 2»'.« » ;•  4t'.l HJ Nil 7i'.« M’.« Ml* l«k.*llk.*iak.(l3k.«TIMECIN 8EC.)

FIGURE TO. FORCER RUN OUTPUT AT 35 MPH
TEST THMV8 F ILE  2 RUN 4 CONF, 8  45MPH AL

T̂T55IT3r0T»I3TeT71i!T7»T8iriTiriTiSi5nSI«I3Iil3l.«TIMECIN SEC.)
FIGURE 11. FORCER RUN OUTPUT AT 45 MPH

TEST THMVB F ILE  2 RUN 2 CONF 6 55MPH AXLE LAT

le’.t 29.0 39'.S 49'.B S(.l S*.« 7S>'.» 81.) M'.« Ift.Ult.aiSMnk.*TIMECIN SEC.)
FIGURE 12. FORCER RUN OUTPUT AT 55 MPH

From logarithm decrement theorem and linear theory, § can be obtained by the formula
I n  ( x j / x 2) = 2tt§ /  ( l - § ^ )  (2 0 )

where x- and x« are two eonsecur tive high peaks.
Frpm the test data, a damping ratio was calculated by equation (20) for every two peaks found,. An average was taken over the damping ratios found for . each speed. To illustrate the variation of the data, the +o¥,and -o' curves are plotted in figure 13. It shows that for low speed, the variation is small meaning that the car is more stable and the system behaves linearly. Conversely, the larger variation at high speed implies that the car tends to be more unstable and the response may not decay exponentially, a char* acter of nonlinearities. Nevertheless, the mean should represent a damping ratio of an equivalent linear system. Figure 13 also shows that the damping ratio predicted by the model follows the same trend as that deduced from the test data. As speed goes up, the damping ratio decreases. The damping ratio is close to 0 at 55 mph in the test. This implies that the system will go unstable above that speed. It was observed during the test that the onset hunting speed occurred around 51 mph. The linear model predicts a zero damping ratio at 48 mph.

Figure 14 shows a comparison on the oscillating frequency of the axle lateral mode between the model prediction and the test results. When de-
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ducing the frequency from the test data, the time between two consecutive high peaks is taken as the period of oscillation at that point. Due to environmental factors and ’ nonlinearities involved, the frequency may vary point to point in a test run; The +(> and 0 curves in figure 14 reveals that this variation is not as large as the damping ratio. The mean frequency varies with speed almost linearly. In general, the model prediction shows a very similar trend. As speed is increased, the frequency of oscillation is increased also. The frequency predicted by the model is consistently 8% higher than the actual test results at all speeds.

FIGURE 14. COMPARISON OF OSCILLATING FREQUENCY BETWEEN LINEAR MODEL AND TEST
The unstable mode shape shown by the linear model is a fishtailing mode;i.e., the front end of vehicle has a large lateral motion compared with the rear end. The phase difference between the lateral motions of the two trucks are about 145° out of phase. Figure 15 shows the lateral motion of front bolster and figure 16 shows the same motion of rear bolster in the test at hunting speed.As seen from these two figures, the test vehicle shows a similar behavior as predicted by the model. The front bolster has a peak to peak magnitude of about 0.8 inch which is about the gage limit. Figures 17 and 18 show the lateral motions of the fourth axle (A-end) and first axle (B-end) The axles behave in the same manner as the bolsters although in the front end the relative displacement between bolster and axle may be larger.

THMVB F IL E 2  RUN3 NEW WHEEL EMPTY LOAD C0NF6

FIGURE 15. LATERAL MOTION OF FRONT BOLSTER AT HUNTING SPEED
THMV8 F ILE 2  RUN3 NEW WHEEL EMPTY LOAD C0NF6

7'.s 7.9 e'.r e'.s g'.e s'.s ie> ie'.s n'.a n'.s 121.* 12.5 is'.* TIHECtN SEC.)
FIGURE 16. LATERAL MOTION OF REAR BOLSTER AT HUNTING SPEED
THMV8 F IL E 2  RUN3 CONFB 55 MPH UNFORCED.

FIGURE 17. LATERAL MOTION OF FOURTH AXLE AT HUNTING SPEED
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THMV8 F IL E 2  RUN3 C0NF6 55 HPH UNFORCED

FIGURE 18. LATERAL MOTION OF FIRST AXLE AT HUNTING SPEED
Reynolds, reference 1, pointed out in his paper that the vehicle fishtailing mode can be due to non-symmetrical configurations between front and rear. Theoretically, the fishtailing mode can occur even if there are symmetrical configurations. This has been also found by Hull & COoperrider reference 7 . Figure 19 shows a possible configuration when the carbody yaws to an extreme when both trucks have flange contact. As shown in the, figure, the carbody tries to yaw back in an anticlockwise direction. The front truck> having the larger rolling radii on the right, also tries to yaw in the same direction. Thus the front truck is in synchronization with the carbody yaw motion. The rear truck will behave in the opposite manner. It will try to yaw in the clockwise direction with the larger rolling radii on the left, acting against the body yaw motion. Thus, the motions between the front and rear are not symmetrical and form the basis for fishtailing mode.For the case of nonlinear mode, runs were made with half-car option. In this option, one truck is assumed stationary in the lateral mode to simulate the fishtailing. The total number of degrees of freedom is reduced from 58 to 30 and thus computer tjme can be saved. For each simulation with a certain speed, a perturbation was introduced into the axle lateral mode. If the system was stable, the system would be damped or vice-versa. A

large body motion was also experienced as in the field test. Figure 20 shows the axles lateral motion at the speed above critical speed. The axle lateral displacement builds up quite rapidly until flange contact, and enters a limit cycle as shown in figure 2 1.

FIGURE 19. BODY YAW MOTION
MODEL-NEW WHEEL EMPTY LOAD 00 MPH

FIGURE 20. AXLE LATERAL . RESPONSE OF NONLINEAR MODEL (ABOVE HUNTING SPEED)
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TRAJECTORY BETWEEN AXLE LAT AND YAW. 60MPH

FIGURE 21. STATE TRAJECTORY BETWEEN AXLE LATERAL AND YAW DISPLACEMENTS (ABOVE HUNTING SPEED)
MODEL-NEW WHEEL EMPTY LOAD 35 MPH '

l1.5 2.9 2.5 3.9 3.5 4.0 <'.5 5.1 S.5 s'.( #'.5TIHEdN SCC.)

FIGURE 22. AXLE LATERAL RESPONSE OF NONLINEAR MODEL (BELOW HUNTING SPEED) TRAJECTORY BETWEEN AXLE LAT AND YAW 35 MPH

BETWEEN AXLE LATERAL AND YAW DISPLACEMENTS (BELOW HUNTING SPEED)

FIGURE 24. COMPARISON OF OSCILLATING FREQUENCY BETWEEN NONLINEAR MODEL AND TEST
Figures 22 and 23 show the same motion at 35 mph which is below the critical speed. Although the critical speed predicted by the model is quite close to the test onset hunting speed, the frequency predicted is generally below the test results. As shown in figure 24, the deviation of the model prediction from the test is larger as the speed is increased. This is probably due to the flexible rail simulated in the model. This aspect will be investigated in the future.

DISCUSSION
In this paper, two mathematical models were presented. One is a linear model and the other is nonlinear. In the linear model, the stability of the dynamic system is studied by finding the eigenvalues since all calculations are performed only Once, the method requires a relatively small amount of computer time. For a mathematical model with nonlinearities, the eigenvalue-eigenvector . formulation cannot be applied. The most common method used is a step-by-step numerical integration method. This method involves repeated computation for each time step and requires a large amount of computer time. Nevertheless, a nonlinear model does have other advantages besides giving a more representative theoretical representation. A railroad freight car system has numerous nonlinearities such as clearances, friction damping, torsional resistance etc. Sometimes is is difficult to justify transforming this system to be an equivalent linear freight car dynamic system. A nonlinear model generally
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accepts the data for nonlinearities directly without requiring a modification or conversion to linear element data. Quasi-linearization has a better approximation than pure linearization but still requires preliminary conversion.The nonlinear system here is studied with a time-domain solution which, besides giving a clearer picture of how components react with each other, also has other merits. In dynamics analysis, loadings on components are of major concerns for a stress analysis. Engineers are often interested in knowing L/V ratio on the wheel in order to predict possible wheel-climb. Also, a time-domain model can be used to study the effect of external impact loadings.
CONCLUSIONS •
Two mathematical models which were developed to study hunting behavior, of freight cars are presented here. One model considered the freight car system as a linear dynamic system and the other considered it as a nonlinear system. The linear model which assumes a linear wheel/rail interaction is based on the eigenvalue-eigenvector solution. The model provides, information about the critical velocity and critical frequency of the freight car system;. It does not give any detail about the forces which may be generated during the hunting condition. The nonlinear model includes a nonlinear wheel/rail interaction, nonlinear friction creep •relationship and other nonlinearities present in the suspension system. Since the simultaneous nonlinear differential equations are solved in, time- domain using a step-by-step integration technique, the computational cost is significantly higher as compared to the linear model. The model provides information about the forces, displacements, etc., which may occur during 

the hunting condition. The performance of the model in comparison with the test data was, found satisfactory to a certain level in the case of the hew wheel/empty car configuration. The linear model can be successfully; used in performing parametric study , while . the

nonlinear model may be employed where a detailed analysis for hunting behavior is desired.
ACKNOWLEDGEMENT
The authors wish to express gratitude to a number of individuals whose efforts and co-operation have aided in this work. These include N. Darien, Test Director; J. Sims, B. Barker, and J. Valasina of the AAR Computer System Division. The cooperation from UP personnel during the testing phase is very much appreciated.

REFERENCES
1. Reynolds, D. J., "Hunting in Freight Cars". ASME paper #74- RT-2, 1974.
2. "Technical Documentation - Linear Freight Car Hunting Model", AAR Publication under preparation.
3. Mims, W. E. & Yang, T. H., "Investigation of a Torsional ly Flexible Freight Car", ASME paper # 75-WA/ RT-13, 1975.
4. Abbott, P.W., Morosow, G., & Mac- Pherson, J., "Truck and Carbody Characterization", Track Train Dynamics Publication, Report #R- 186.
5. Darien, H., "Measurement, Methodology and Instrumentation Freight Car Dynamics Model Validation Field Test" Report to Track Train Dynamics, 1976.
6. "Harmonic Roll Series Vol. II", Track Train Dynamics Publication,1974.
7. Hull, R., & Cooperrider, N. K., "Influence of Nonlinear Wheel/Rail Contact Geometry on Stability of Rail Vehicles", ASME paper #76- WA/RT-2, 1976.
8. "Hunting Models Validation" Report under preparation.

231



NOMENCLATURE
a - half of rail gage
b - contact point spacing from axle center
C - total creepage 
c - viscous damping coefficient 
C - longitudinal creep velocity

✓ v

Cy - vertical creep velocity
Cz - lateral creep velocity
Fc - viscous damping force
Fcf - total creep force
F - longitudinal creep force
F^y - vertical creep force
-F - lateral creep force
F - lateral creep force (linear model)CZ
Kf" frictional force
Fq - lateral gravitational force
F̂ q - constant contact stiffness force
F|̂| - force of stiffness K|
F̂  - normal force on rail 
f - dry friction constant
'11 longitudinal creep coefficient
*22 " latera* creep coefficient
'23 lateral/spin creep coefficient
fgg - spin creep coefficient
Kj. - stiffness in series with friction
K - constant contact stiffness o
K| - stiffness with clearance
MG - gravitational moment
R - concave transverse wheel tread radius

R1 - Convex transverse rail head radius
R rolling radius at contact point
Rq - initial reference rolling radius 
V - vehicle velocity 
W * weight on rail 
X ’ - longitudinal velocity of axle
 ̂- lateral velocity of axle
Z _ - contact point spacing from track P centerline

- yaw angle of axles
 ̂- yaw velocity of axle
<5 - slope of contact

- clearance
*0 - initial slope of contact
6 1 - slope of contact on right rail
6 2 slope of contact on left rail
X - effective conicity
<*0 - wheel coning angle

- damping ratio
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Configuration Wheels Load

T Worn Empty
2 Worn Empty

3 Worn Empty

4 t Worn Empty

5 Worn Empty

6 New Empty

7 New Loaded

8 Worn Loaded

SideBearingLoad
TruckStifner CenterpiateCondition

Zero Off Dry
Zero Off NominalLubrication
2000# Off NominalLubrication
6000# Off NominalLubrication
Zero Stiffen . NominalLubrication
Zero Off NominalLubrication
Zero Off NominalLubrication
Zero Off NominalLubrication

Table 2 Test Configurations

233



STRUCTURAL DYNAMIC ANALYSIS & FATIGUE LIFE PREDICTIONOF A FLAT CAR
by ■ ’ ‘ ,

V. K. GARGB. PRASADA. M. ZAREMBSKI

Dynamic characteristics of a trailer- on-flat car (TOFC) are investigated using finite-element techniques. Three different finite-element models of the flat car were developed. These models are validated in reference [1] by comparing the predicted vibration mode shapes and frequencies with test results. Further validation of the models is carried here by comparing the analytical transfer function with test results. The values of the trans-- fer functions are computed, using NASTRAN, at four different locations along the center line of the flat car. Experimental values at these locations are found to be in good agreement with the computed results. Using the space beam model of the flatcar fatigue life prediction of an arbitrarily selected member of the flat car is carried here to demonstrate the application of finite- element structural dynamics analysis to fatigue life prediction. The fatigue life values obtained using this approach, are then compared with thd so called ad hoc approach which uses! a nominal stress value obtained from a pseudo-static analysis.
INTRODUCTION
Dynamic analysis of the railcar structure has been considered unmanageable in the past due to lack of proper analysis tools, namely solution

techniques which utilize high speed digital computers. Consequently, the conventional method of dealing with dynamic loads in railcar design is to augment the static load solution with a selected dynamic load factor derived from an ad hoc approach based on experience- For relatively rigid structures, this usually ends up in overdesign, unnecessary cost and production of a much heavier car structure than required. For flexible railcar Structures, the ad hoc approach may actually be unconservative. ,With the advent of finite element solution techniques, extensive and successful dynamic analyses are now being carried out in most of the industries. The objective of this paper is to introduce dynamic structural analysis of the flat car* structure and to illustrate the implementation of this analysis in the fatigue life determination.The Trailer-on-Flat Car (TOFC), tested at the Rail Dynamics Laboratory (RDL) of Transportation Test Center (TTC) is used for which dynamic characteristics are available for the analytical simulation.Three finite element models have been developed and reported in [I] . Dynamic characteristics were obtained using one or more commercially available finite element computer programs, namely SA.P4 and NASTRAN.The validation of these models was
’ (
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carried out by comparing the predicted vjb ration mode shapes and natural frequencies with those observed during the flat car test. A brief description of the models and the computed frequencies is given in the paper. A further validation of the models was performed here by comparing analytical transfer functions to the test data.An application of the finite element dynamic analysis iri predicting the fatigue life of a typical flat car component has also been performed in the paper in order to demonstrate its applicability. Additionally, the fatigue life of the component obtained using the ad hoc approach is compared to the one obtained using finite element structural dynamic analysis.
FINITE ELEMENT MODELS
In this section, three finite element models of the f|at car are described briefly. Details regarding the geometric and material properties; can be found in reference [I] . V

Simple Beam Model: The simplifiedbeam model consists of 21 nodes, 20 beam elements, and 60 dynamic degrees of freedom. Three different beam cross-sections have been used in the model representing: (a) the deepcross-section of the flat car in the center, (b) the shallow cross-sectiop of the flat car at the ends, and (c) a cross-section obtained by averaging sections in the transition region.
Space Beam Model: The complete flatcar, excluding the trucks, was modeled using only beam elements. The model includes 158 nodes and 299 beam elements. Although, the deck plate is not physically modeled, the stiffening effect of the deck plate due to the torsional and flexural stiffness in the beam elements near' the deck has been included. All the side sill stringers and cross members are located on the same horizontal plane, thus neglecting the effect of offset. The middle portion of the center sill is represented by an equivalent beam located at the centroid of the section.

tailed finite element model of the flat car encompasses the entire structure, figure I. The model consists of 299 nodal points, 330 beam members, and 180: plate elements. The flanges of the center Sill, stringers, side si|ls and cross members have been modeled as beams. The deck plate and center sill web, at the deep section, are represented by- plate (membrance and bending) elements. The center sill at the deep; section is modeled as a single vertical plate with beam elements running along its top and bottom edges. The combined beam and plate model was considered necessary for the proper representation of large member offset. Torsional stiffness of the center sill is assigned to the top beam. Since the plate elements representing the deck plate contribute to the axial stiffness and mass, a negligible value is assigned to the top beam cross sectional area. The bottom beam represents the center sill cover plate.

FIGURE 1. FINITE ELEMENT MODEL OF 89'-4" FLUSH DECK FLAT CAR
Vertical columns are added to represent center sill Separations at cross bearer locations, figure 2. Nineteen different types of beam elements and two types of plate elements are used in the model.

FREE VIBRATION RESPONSE
Detailed Beam Plate Model: The de- in order to demonstrate the ability
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of the finite element technique to predict dynamic behavior, the computed natural frequencies are compared with test results. The four flexural and three torsional natural frequencies recorded during the test along with analytical results obtained for the SAP4 and/or NASTRAN computer programs are given in Table I. A comparison of mode shapes with the test results can be found in reference [I] .
OtttCMQMMCTIO*

PIMT8 IlSMUT MOOKL

FIGURE 2. MODELING OF DEEP CROSS-SECTION

Although the models do not reproduce the TOFC test results for all modes, the overall agreement is adequate for all practical purposes. Selection of the type of model and level of refinement depend on the quality of results desired. A simple beam model may be considered adequate for a preliminary estimate of the fundamental frequency, but a detailed model is necessary to obtain the internal loads accurately. Simplifying assumptions about the boundary conditions in the analytical models and difficulty in isolating mechanical parameters during tests precluded a total agreement between the model and test results.
COMPARISON OF TRANSFER FUNCTIONS

In the dynamic study of a system, a more general concept relating the transformed response to the transformed excitation is often used. This concept is based on the "System Function" or "Transfer Function". For a n-dimensional dynamic system having a set of equations of motion of the form
(1)[m]:{x} + [c] {x} + [k] {x} = {p(t)}

where [mj , Ip] and [k] represent the mass, damping and stiffness matrices of the system; {xl {x} and {x} correspond to the acceleration,
Bending Frequencies (CPS)

Number of Model■ I. Model II Model III TOFC TestBending Mode Simple Beam Space Beam Detailed Results
SAP4 NASTRAN SAP4 NASTRAN NASTRAN

1 4.16 4.21 3.84 8.86 4.12 4.28
2 1 1 . 1 1 11.28 8.94 8.89 9.11 9.023 14.06 14.42 11.50 10.89 11.36 11.314 22.36 22.36 16.77 17.56 18.68 18.46

Torsional Frequencies (CPS)
Number of Model I Model II Model III TOFC TestTorsional Mode Simple Beam Space Beam Detailed Results

1 . . . 5.06 4.70 4.72 6.02
2 -- - 6.67 7.51 10.81 10.223 ; 11.2 2 11.27 13.91 12.84
TABLE 1. COMPARISON OF BENDING AND TORSIONAL FREQUENCIES
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velocity, and displacement vectors of the nodal points and (p(t)} is the force vector, the transfer function is represented as (2)
"5(a) = 5 ^p(s)

. .. 1 ' .
[m ][s ^ + 2  £ U) s +, n n n

where s denotes' the laplace transform parameter defined by (3)
5(s) =-?[{x(t)}] = /q e~8t {x(t)}dt
In equation 2, £ , to., are the viscous damping factor and undamped natural frequency of the system, respectively. Equation 2 can be written as (4)x(s)• = G(s) * P(s)
Consequently, the transfer function can be regarded as an algebraic operator that operates on the transformed excitation to yield the transformed response. This concept is shown by the following block diagram:

A procedure similar to above has been used in NASTRAN.The response of the flat car in terms of its transfer functions was computed for different input frequencies using plate and beam model. The results are shown in figure 3 (a) and figure 3 (b). Four sets of curves for the transfer function corresponding to four representative locations along the center and off-center line of the flat car are plotted. These locations represent the positions of the accelerometers 110, 119, 112, and 118 used in the test [3]. The results obtained from the test are also plotted. These are marked with (*). The computed transfer functions agree fairly well with the test results.
FORCED VIBRATION ANALYSIS
In order to investigate the forced vibration response of the Car, we consider the damped equations of motion, equation 1 .

LOG u FREQUENCY Hz

LOG u FREQUENCY Hz
FIGURE 3(a). COMPARISON OF TRANSFER FUNCTION

FIGURE 3(b). COMPARISON OF TRANSFER FUNCTION (CONTINUED)
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The total displacement can be expressed as the sum of the modal components.
{ x.} = [<J>] {u} (5)

where the mode shape matrix [$] transforms the generalized coordinates {U} to the geometric coordinates {x}.It is assumed that the damping is a linear function of mass and stiffness matrices and is of the form (6)[c] « c( [in] + 3 [k]
where and 3 are arbitrary proportionality factors.Islow, using equation 6 and the following orthogonality conditions:

{♦m} T[m] {*11} = 0 (?)
{̂m} ̂ [k] {̂n} = 0 ; m f n
{♦m} T[c] {̂n} = 0 

Equation 1 can be written as.. . (8)V un + Cn Un + KnUn = Pn(t)
in which
%  - (*„) TW  (*„> <9)
Ctt - <*„) -Ti« >'»„) ■ 2 \

X  - v  V i «.„) = «£ \
P (t) - {<J> } T (p(t)}n n
V  " (o(+3a)J)/2un

Equation 8 is a single degree of freedom equation of motion for the nth mode. M , C_, K. and P (t) are the normal coordinates1 generalized damping, generalized stiffness and generalized load for the nth mode, respectively. £ is the damping ratio for the nth moae.Equation 8 may be written in the••p„(t)
v u - (10a)M 0)2 0) 0)2n n n n
V ; U«,I+ U1a, IX (10b)

a

where we define
U.’n.I ‘ «nOil

and
U,n,II ■ - Cn U U,nn -co„

The first term U . in equation 1'0b represents the respdnse due to load P_(t) applied to .the structure statically when U_ = U = 0. The second term, U .. ,nreprAents the responses due to velocity U and acceleration U of structure when it is vibrating in its nth mode. Instead of computing U . corresponding to: each mode and addirfg the corresponding internal forces, the total exciting force P (x,t) at time t can be applied to compute the total static internal forces, P.(x,t). The internal force P..(x,t) corresponding to {*} and {*'} can be obtained by computing internal force P (x) corresponding to the nth normal mode {<() (x)} iFrom inertial force associated with xhismode and using Un, 11 as: (12)
XI (x,t) Un,II(t>

The total internal then given by force or stress is
(13)

P(x,t) = PT(x,t) + PI];(x,t)
P.(x,t) is completely accounted for irrespective of the number of mode considered in the analysis whereas the internal force Pj,(x,t) computed from equation 12 is dependent on the number of modes considered.The scheme based on this procedure has been adapted in the SAP4 program [8] for computing stress time history of components.
FATIGUE LIFE PREDICTION
In order to utilize fatigue life analysis techniques in freight car design, the linear cumulative damage concept was introduced in the Interim AAR Guidelines for Fatigue Analysis of Freight Cars [5]. Though there are many theories available at present [4,10], the theory of Miner-Palmgren
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was selected because of its simplicity, ease of application, and overall agreement with reality. This theory, as it is utilized, in the Interim AAR Guidelines, requires the input of the mater̂  ial properties of freight car component under investigation, together with an appropriate characterization of the load environment that the component experiences during the course of its service life. This load characterization should be defined in terms of maximum-minimum loading cycles, since the change in stress during a cycle can be as important as the maximum stress value. In order to develop this characterization, a Rainflow cycle counting 6 of the load or stress time histories (figure 4) is used to develop an environmental characterization spectrum of the form shown in figure 5. Though it is possible to obtain the stress time history directly from a road test through the strain gaging of specific components, a more desirable alternative is to obtain an acceleration time history, at the point of loading, i.e., at the bolster, and convert it to stresses. This allows for the determination of the fatigue life of any component of the freight car. However, this approach is dependent on the ability of an adequate stress analysis.
«ai

There are, at present, two distinct approaches for the calculation of the stress history of a freight car component using a known acceleration time history. The first approach is quasistatic. A static stress analysis is used to calculate the static stress at the component under investigation. A simplified model of car structure is often used for this purpose. The static stress is then augmented by a dynamic stress component which is obtained from the product of the acceleration (in g's) and the static stress Value. This approach will be referred to herein as the ad hoc approach. Since a linear relationship between stress and acceleration or load is used, the service environment is characterized by a load spectrum, such as that shown in figure 5, which is obtained from the Rainflow cycle counting of the acceleration time history (figure 4). It is then converted to the corresponding stress spectra for use in the fatigue analysis 5 .
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eration time history into a stress time history at the component under investigation. This is done here by using the SAP4 finite element program and the space-beam model of the flat car. The resulting stress time history is then reduced, through Rainflow cycle counting, to the spectrum form which is illustrated in figure 5, and input directly into the fatigue analysis program. This approach will be referred to herein as the dynamic approach.At present, the ad hoc approach is the one most commonly used in the freight car industry, and it is the approach presented in the Interim AAR Guidelines [5]. This is primarily due to the fact that the dynamic approach is an elaborate, time-consuming technique which often requires a finite element analysis capability. Additionally, it is expensive and consequently

cannot be used for long duration time histories. Thus, even if the capability existed, it could only be applied to short segments of the load time histories, which may not be representative of the total service environment. Furthermore, it could not be used for the detailed analysis of a large number of components, but should be reserved for only the most fatigue critical ones. Finally, the ad hoc approach offers the advantage of being able to be performed quickly, and repeatedly, with limited or no computer support. However, in doing so it requires many simplifying assumptions, which may not be very valid. Thus, this may demand for a thorough testing in order to qualify the predicted fatigue life of the component under investigation.The dynamic approach on the other hand offers the significant advantage

Space Beam Model Area Section Modulus

Section Member. Element A z
.z§ sin m

ZpNo. Description No. . 2 in . 5in . §m
Top Bottom Left Right

14 Crossbearer 263 8.25 29.1241 17.5802 7.2440 7.244
(Deep Sec.) &

264

TABLE 2. PROPERTIES OF THE MEMBER CHOSEN FOR FATIGUE EVALUATION

Acceleration Fatigue Life : Cycle's/Mile *
Scale _________ .__________ - ____ ______________ '' Material
Factor Adhoc Approach Dynamic Approach Prop. No.

1.00 8.7646897 x 107 
4.316198 x 10 
6.77034 x 10'

3.52674 x 107 1
2.00 9.951996 x 10, 1
2.00 1.321035 x 10' 

7.884276 x 10°
2

3.00 3.562526 x 10' 3

* 1 ; B = 8000., m = 1 .0 , K = .32
2 ;  B =15000., m = 1 .0, K =0.29 
3 ; B =19000., m = .675,K =.145

TABLE 3. FATIGUE LIFT: PREDICTION OF A TYPICAL FLAT CAR COMPONENT
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of more accurately representing the transfer of the input accelerations to the component under investigation, while retaining the time and frequency dependencies. The resulting output is a well-defined stress time history for the component under investigation. Since both the dynamic and ad hoc approach utilize linear cumulative damage theory for fatigue life calculation, the validity of replacing the component dynamic stress time history with the quasi-static time independent stress spectrum obtained by the ad hoc approach, . and the resulting implication for the fatigue life analysis should be investigated.In order to perform a comparison between these two approaches, the unloaded flat car described earlier was analyzed using both the ad hoc and the dynamic approaches. A typical road acceleration time history shown in figure 4, was selected and the component to be analyzed was a deep cross bearer section at the car center. The geometric properties of this member are given in Table 2. The two analytical approaches were then used to predict the fatigue life of the component. These values are shown in Table3. In order to preclude any bias due to differing time durations, the range of input acceleration time history was taken to be equal to that of the output stress time history.As can be seen in Table 3, the ad hoc approach predicts a fatigue life for the freight car component that is nonconservative when compared with the life value obtained in the dynamic approach. However, the value obtained in the ad hoc approach is within an order of magnitude of that obtained from the more precise dynamic approach. Thus, it may be inferred that the careful use of the ad hoc approach is justified for all but the most fatigue critical components. In the later case, use of the more precise dynamic approach appears to be warranted.
CONCLUSION

Finite element models of the flat car developed in reference [1] is further

validated here by comparing the transfer functions with the test results. A good agreement can be noted! One of the models was used for . obtaining dynamic stresses of a typical component of the flat car under a given time history. Fatigue life prediction of the component was made using the ad hoc and the dynamic approach. The results of the two approaches . were compared. Fatigue life predicted by the ad hoc approach appears to be uncon- servative. The use of the ad hoc approach thus may be limited to most but a few critical components where the dynamic approach should be used. Since the ad hoc approach does not take into consideration, the frequency contents of the environmental history, a further analysis is needed , to compare the two approaches. Careful evaluation of the ad hoc approach is suggested to establish its validity for frequency dependent environment.
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S IM U LA TIO N  COST MODELING FOR TH E  ,
DETER M IN A TIO N  OF FREIG HT CAR COMPONENT OPERATING COSTS

BY

K EITH  L. HAWTHORNE 

ALLAN I . KRAUTER  

RAJENDRA SAROOP

This  paper describes a technique  
developed to determ ine fre ig h t car com
ponent operating costs. Early  in the  
planning of the  Phase 11 T ra c k  T ra in  
Dynamics Program , th e  need fo r a 
methodology to determ ine fre ig h t car 
component operating  costs was estab
lished. The proposed creation of p e r
formance specifications necessitated the  
establishm ent o f a methodology to de
term ine the economic impact o f design 
changes. A fte r  a review  o f a lternative  
methods o f cost determ ination , a tech
nique known as Simulation Cost Model
ing (S C M ) was selected. . Simulation 
Cost Modeling has th ree  elements: the  
schematic diagram which describes 
com ponent, usage; the  computer pro
gram which implements th e  diagram; 
and the  input data set. Development 
of the Simulation ;Cqst Modeijncjf tech
nique and its re lationship  to T ra ck  
T rain Dynamic component cost evalua
tions are  described. A pre lim inary  in 
p u t data set and corresponding approx
imate results are given fo r  tbe  fre ig h t  
car wheel. T h is  reference^Bcase ap
proximates the  c u rre n t usage of fre ig h t  
car wheels and the  associated costs of 
acq u irin g , o p eratin g , a n d ; maintaining 
fre ig h t car wheels.

IN TR O D U C TIO N  , ' ;;

The fundamental purpose of the  
Phase II T ra ck  T ra in  Dynamics Pro?* 
gram is to develop recommended p e r

formance specifications fo r selected  
railroad equipm ent and tra c k  s tru c 
tu re s . D uring  th e  planning of the  
Phase II program , it  became evident 
th a t the  implementation of such p e rfo r
mance specifications would req u ire  the  
ava ilab ility  o f design guidelines to en
able both railroads and railroad sup
pliers to meet the new specifications. 
I t  was also evident th a t new specifi
cations would req u ire  economic as well 
as technological evaluation. Th is  paper 
describes the  economic technique, sim
ulation cost modeling, which was sel
ected fo r th e  evaluation of performance- 
specification a lternatives .

The simulation cost modeling tech n i
que was selected a fte r a review  of 
other techniques, such as life  cycle  
Costing, indicated th a t th e ir  data re -  
quiriements would be d iffic u lt to fu lf i l l .  
Using the  simulation cost modeling 
technique, the  annual present and p ro 
jected fu tu re  costs associated w ith  
using specific components fo r  the, 
fre ig h t car can be pred icted .

The orig inal SGM technique was de
veloped under a Departm ent of T ra n s 
portation (D O T ) contract to evaluate  
the cost Of operation and ownership o f  
fre ig h t car ro ller bearings. 1 Within  
the scope o f another DOT co n tract, 
present value analysis and life  cycle  
costing were considered as a lte rn a tive  
tools fo r component cost eva lu a tio n .2 
However, the limitations in the use of 
those tools fo r  determ ining railroad
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component costs led to fu r th e r  de
velopment of th e  cost modeling tech 
n ique. This paper describes recent 
w ork to refine the technique, its c u r 
re n t s ta tus , and its pre lim inary  app li
cation to one of the railroad in d u s try 's  
most costly components— the  fre ig h t  
car wheel.

REVIEW OF S IM ULATION COST  
MODELING

T h e  simulation approach to cost 
modeling is d iffe re n t from o th er com
monly used cost modeling techniques. 
A nother freq u en tly  used techn ique, 
life  cycle costing, follows a p a rticu la r  
component from its original purchase, 
th rough use, to its eventual re tirem ent 
(in  a statistical sense). A ll cost a t t r i 
butable* to the  component are included  
in the cost to ta l. A life  cycle cost 
model is useful in determ ining th e  ac
tual overall cost •vd f t h e  component to 
th e  in d u s try  which is employing i t .  
T h e  life  cycle cost model does n o t, 
how ever, lend itse lf to the  determ ina
tion of th e  yearly  cost req u ired  to use 
th e  component. In addition , data re 
quirem ents required fo r implementing a 
life  cycle cost model can be d iff ic u lt  to 
meet.

The  life  cycle technique has other 
characteristics which make it  unw ieldy  
in the  railroad environm ent. One of 
these is th a t the consideration of the  
e n tire  lifetime of the component in te r 
fe res  w ith representing Component us
age a t any one instant of tim e, in a de
ta iled  m anner. As an exam ple, a life  
cycle cost model of say, wheels, m ight 
req u ire  combining many e ffec tive ly  se
parate  inspection costs to g e th er. 
A nother characteristic  is th a t the  
method does not lend itse lf easily to 
th e  determination of overall cost 
changes due to changes in individual 
operatin g jcosts  or operating practices. 
F in a lly , /e ffects  on the life cycle costs 
of ra th e r uncertain individual costs and 
component re liab ility  characteristics  can 
be large . In such situations, the  cal
culated and actually experienced life  
cycle costs can d iffe r  su b stan tia lly .

Refinement of the simulation cost 
modeling technique has overcome most 
of the  shortcomings of the  life  cycle

costing method. In the  simulation 
approach, the  costs are obtained by  
following the  system ( e . g . ,  railroad or 
railroad in d u s try ) in its use of the  
component. A representation or sche
matic diagram o f the  use of the compon
ent o f  in te res t by th e  ra ilroad  is de
veloped. T h e  model then computes the  
cost per year to  operate th a t p a rt of 
the  system related to the component 
under consideration. Th is  is accomp
lished through the use of a digital 
computer program  which implements the  
schematic diagram and the  associated 
in p u t data . T h e  emphasis is on the  
instantaneous behavior o f the compon
ent, flowing th rough  the system. Con
sequently , th e  data requirem ents are  
re la tive ly  easy to sa tis fy . The techn i
que allows sen s itiv ity  analyses and 
cost b en efit studies to be performed  
easily and provides many opportunities  
to check the accuracy and reasonable
ness of th e  computed resu lts . In addi
tio n , since the  cost modeling is based 
oh dynamic simulation procedures, the  
technique allows fu tu re  costs and usage 
projections to be made. Such projec
tions can include the effects of in tro 
ducing a new or improved component, 
such as may resu lt from a performance 
specification, into the  existing system. 
The a b ility  o f the  technique to evaluate  
the effects o f changing e ither the  
specification or the  manner in which 
the system employs th e  component 
makes i t  read ily  applicable to the needs 
of the  T ra c k  T ra in  Dynamics Program.

By following th e  flow o f a compon
ent in use, the  SCM technique calcu
lates the  cost per u n it time (typ ica lly  
a y e a r) requ ired  by a railroad or the  
railroad in d u s try  to operate a given  
component. The  post o f component 
operation includes both maintenance 
costs and acquisition costs. In order 
to calculate the cost of component us
age, it  is f i r s t  necessary to create a 
schematic diagram representing all the  
potential paths of component flow . The  
schematic diagram identifies . the com
ponent re lated parts  of the  system, 
system interactions which involve the  
component, and th e  decisions which 
take place concerning the  component. 
Continuing the example of the fre ig h t  
car wheel, such a schematic diagram is 
given in fig u re  1.
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FIGURE 1. SCHEM ATIC DIAGRAM FOR FREIGHT CAR WHEEL U T IL IZ A T IO N
i *l
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(2 )  The program computes the., 
costs associated with the  
computed flow in each path . 
A summation of th e  computed 
costs fo r all paths gives the  
annual operating costs.

(3 )  The rate o f change of the  
, population, size and th e  rate
of change of population age 
are computed. These rates 
of change are used to p re 
d ict the size and age (th e  
s ta te< variab les ) a t the  next 
time of in te res t. , s

(4 )  Once the state, variables at
, the  next time of in te res t are

determ ined, steps ( I )  and
(2 )  are  repeated . As the  
decision param eters and in 
dividual path costs v a ry  with  
time an d /o r w ith  population 

. size, and age, a new. set of 
flows and costs are computed. 
Continued repetition  of the  
process produces a dynamic 
simulation which predicts  
component usage and asso
ciated costs a t fu tu re  times.

A review  of the diagram given in 
fig u re  1 reveals the following features  
of the SCM technique:

-  The parts  of the railroad which a f
fec t the component (such fas manufac
tu r e r ,  y a rd , and wheel shop) are  
major elements of the schematic d ia 
gram . ,

-  The  paths (uncircled num bers) re 
present the a lternative  'd irections in 
which a component may flow e ith er  
w ithin or among the major parts  o f the  
system. The movement along each path  
is characterized in terms of flow rate  
( e .g . ,  the  number of wheels per year 
which flow along a given p a th ). Flow 
through most paths results in asso
ciated . costs characteristic  of th e  given  
p ath . Those paths which have no cost 
are identified  as zero cost paths 
(Z C P ).

-  The intersections of paths o r nodes 
are identified  by circled num bers. 
Nodes at which path flows d iv ide  are  
branch points and nodes at which 
paths join are summation points. At: 
each branch point a decision affecting  
the component occurs. This decision 
results in th e  proportion of a rr iv in g  
units which move along each of the  tw o. 
departing paths. As an example, the  
inspection of a wheel flange at a re 
ceiving yard  results in a decision to  
e ither leave the wheelset on the  car 
and thus re tu rn  it  to service (in  use) 
or move the car to the rip  tra c k  fo r  
removal o f  a wheelset bad ordered  by  
the  inspector. , .

Once the schematic diagram has 
been completed, each of the  paths and 
nodes are  incorporated in a dig ita l 
computer program . This program im
plements the  schematic diagram by p e r
forming the  following tasks:

( I )  The  program computes the  
number of units which move 

f  along each of the  paths. To  
/ do th is  the program uses 

/ known values of the size of 
the component's population, 
tim e, age of the population, 
and decision, c rite ria  a t the 
branch points. .

In addition to producing the  dyna
mic simulation of component usage and 
cost, the computer program can p e r
form the production of a sens itiv ity  
analysis. Th is  sen s itiv ity  analysis re 
flects the change in the annual system  
operating costs which resu lt from a 
change in a decision c riterio n  or an 
individual path cost. I t  is generally  
computed in step w ith a reference time 
selected fo r the  sim ulation. The  p r i
m ary purpose of the S ensitiv ity  analy
sis is identification of decisions and 
cost elements which most, a ffec t the  
system operating costs. Th is  id e n tifi
cation is v e ry  helpful in determ ining  
which, data values should be most ac
curate ly  estim ated..

THE REFINED S IM U LA TIO N  COST  
MODEL

The refined simulation cost model.is 
conceptually identical to th a t f ir s t  d e -
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veloped fo r the  Departm ent o f T ra n s 
p o rta tion . Refinements developed fo r  
the  Phase II T ra c k  T ra in  Dynamics 
Program have, how ever, led to s ig n ifi
cant improvements in the  accuracy, of 
component usage representation , and 
in the  manner in which the computer 
implements the  schematic diagram and 
its associated data. These refinements  
are described below.

Q U A L IT Y  REPRESENTATION

in re fin ing  the model to meet the  
needs of the  Phase II T ra c k  T ra in  D y 
namics Program , it  became necessary  
to b e tte r describe the flow through  
each p a th . To meet , th is  need, the  
c u rre n t model characterizes each path  
by th re e  variables ra th e r than by one 
v aria b le . These th ree  variables are: 
flow ra te  ( e . g . ,  w h e e ls /y e a r); mean 
component age; and component q u a lity . 
T h e  component q ua lity  is defined as 
the proportion of the  components flow 
ing through the  path which are defec
t iv e . For example, if  10,000 wheels 
per yea r move along a given path and 
if  3 ,700 are defective, by the  AAR  
ru les , then the q u a lity  in th a t path is
0 .3 7 .

Inclusion of component q ua lity  in 
th e  characterization of a path allows a 
generalization in the  ty p e  of decision 
which can occur at the branch point at 
the  ehd o f the  path . Such decisions 
can be represented by no n -lin ear func
tions o f tim e, o f th e  number of units\ 
in the  a rr iv in g  p ath , of the  compon-' 
ent's  age in the  p a th , a n d /o r of the  \  
q u a lity  in the  p ath . From th is  set of 
possible decisions, two are deemed to 
be representative  of actual events  
which occur in the u tilization of fre ig h t  
cars. S pecifica lly , the  decision made 
at certain  nodes may not be dependent 
on th e  q u a lity  of th e  a rr iv in g  stream , 
w hile a t o ther nodes the  decision is 
dependent on th a t q u a lity .

For those nodes at which th e  decis
ion to be made is not dependent on the  
q u a lity  o f the  components in th e  a r r iv 
ing p a th , a known proportion of the  
components departs on each of the  o u t
going paths. The value of th is  p ro 
portion can be obtained e ith er d irec tly  
Or in d irec tly  from available data and in

tu rn  presets the  decision to  be made 
at the node. In g en era l, th is  p ro p o r
tion can be a known function of tim e.

In other cases, such as the inspec
tion of wheels a rr iv in g  a t a receiving  
y a rd , the decision made is dependent 
on the q u a lity  of the  a rr iv in g  stream. 
Specifically, a proportion of the  a r r iv 
ing defective wheels are co rrec tly  clas
sified as defective  and a proportion of 
the a rriv in g  good wheels are incorrect
ly identified as defective . In addition , 
a certain proportion of defective  
wheels are not detected a t the re 
ceiving yard  and continue in use. In 
order to determ ine the flow of wheels 
which continue in use, both defective  
and n o n -d efective , the  model d e te r
mines from the q u a n tity  and q u a lity  of 
incoming wheels a t the inspection point 
th a t proportion of wheels which are  
deemed d efective . Th is  enables data  
to be collected at one fa c ility . The  
proportion o f , the  components which 
branches toward the  o ther departing  
path and the  q u a lity  on th a t path are  
obtained from conservation of flow re 
quirements a t the  branch points. Th is  
ab ility  to evaluate th e  nodal decision 
on the basis o f component q u a lity  s ig 
n ificantly  reduces data collection de
mands and fu r th e r  provides a techn i
que fo r evaluating a lte rn a tive  inspec
tion techniques.

RATE OF CHANGE OF Q U A LITY

The use of q u a lity  in the character
ization of' the population and of the  
flow in each path requires th a t the  
rate of change of population q u a lity  
with time be tre a te d . In order to 
evaluate the  rate  o f change of popula
tion q u a lity , the  cause of th is  change 
must be known. The  rate  of change 
of population q u a lity  is , in p a rt,  
governed by the  scrapping of defective  
units and the addition to th e  population 
of new un its . T h e  rate  of change of 
population q u a lity  is also dependent on 
the rate a t which good units become 
defective as time progresses. In the  
model, th is generation of defective  
from good units is represented b y  ap
plication of the  Weibull q ua lity  d is tr i
bution. In the  model th is  technique  
allows the rate of change of q u a lity  of 
the population a t any time to be d e te r-
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mined from the age of the population, 
the Weibull slope, and the  character
istic age at which a known percentage  
of the population becomes defective .

PATH COST REPRESENTATION

The refined simulation cost model 
allows a general representation of the  
cost of each path . Depending on the  
specific: study being u n d ertaken , th e  
cost of a path can be represented as a 
non-linear function of tim e, Of the  
number Of units in the  p a th / of the  
age in the p ath , an d /o r o f th e  quality  
of the path . T y p ic a lly , th is  allowable 
generality  is not used because of the  
actual nature  of the path cost in a 
given application Or because of the  
availability  of data. In the  wheel ex 
ample-described in th is  p ap er, the  path; 
costs have been generally  taken to be 
linearly  dependent on the  number of 
wheels in the path . T h a t is , the costs 
are on a per wheel basis.

S E N S IT IV IT Y  ANALYSIS

The c u rren t model produces a simu
lation containing the reference case 
(p resent tim e) and pred icted  fu tu re  
component usage and costs. In addi
tio n , the model can also provide a sen
s itiv ity  analysis fo r  the reference case. 
To do th is , the reference case is auto
matically run repeatedly and fo r each 
run 1 the values of all nodal decision 
proportions or path costs are  varied  
s lig h tly . This sens itiv ity  analysis re 
flects the change in total operating  
costs whiph would be associated with a 
1% increase in:

(1 )  \ The number o f units branch
ing to a path intended fo r  
'the defective u n its , or

(2 ) The number of defective  
units correctly  identified  as 
defective, or

(3 )

(4 )

The number of good units  
incorrectly  identified  as 
defective, or

The path cost.

SAMPLE A P P LIC A TIO N : THE FREIG HT
CAR WHEEL

Under th e  Phase 11 T ra c k  T ra in  D y 
namics Program the refined model, is 
being applied to evaluate costs asso
ciated w ith fre ig h t car wheels, ro lle r  
bearings, side fram es, and bolsters. 
Because wheel costs represent a major 
portion o f fre ig h t equipment costs, th is  
area was selected fo r  pre lim inary analy 
sis. The  in itial step, which has been 
completed, involves production of ap
proximate values fo r decision and cost 
param eters in the running of th e  re fe r 
ence case and sens itiv ity  analysis. 
Estimates were based on data provided  
b y  a number of sources including the  
AAR Mechanical Division and individual 
ra ilroads. S ens itiv ity  results  obtained  
have been used to define the  data col
lection e ffo rt necessary to fu r th e r  re 
fine  the  data fo r the model so th a t the  
model may be used in its simulation 
mode to p red ic t the  effects o f potential 
component changes. Upon completion 
Of the  data collection e ffo r t, the  model 
will be used to evaluate cost versus  
benefit changes which resu lt from  
changes in wheel system usage and in 
wheel specifications.

A p p r o x im a t e  d a t a  f o r  f r e ig h t
CAR WHEELS

Data used to determ ine approximate; 
values fo r path costs in the  wheel 
model were collected from a v a rie ty  of 
sources. The AAR Mechanical Division  
was exceedingly helpful in provid ing  
approxim ate data. Table 1 presents  
the  cost fo r each path involved in the  
wheel model. In addition, Table 1 p ro 
vides a description of events which 
Occur on the path and the  rationale  
behind the wheel cost estimates g iven .

Approxim ate values fo r decision p ro 
babilities were prim arily  obtained  
through analysis of the  AAR C ar Repair 
B illing System. Tables 2A and 2B give  
the  data used, the manner in which 
the  data were applied to the schematic 
diagram , and the  assumptions made. 
Table 2A presents path data. Tab le  
2B presents decision data as Well as; 
the  p ro b ab ility  values fo r each branch  
point.
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Data used in th is pre lim inary study  
of wheel costs are intended to apply to 
th e  en tire  railroad in d u s try  on the  
basis o f the car re p a ir b illing  costs. 
Consequently, the results given in the  
wheel example fo r  the reference case 
and fo r  the  sens itiv ity  analysis rep re 
sent approxim ate wheel usage and costs 
fo r a composite of the en tire  fre ig h t  
system.

REFERENCE CASE

The reference case, or present time 
re s u lt, based on the data exhib ited  in 
Tables 1 and 2 , is shown in Tables 3 
and 4 . fa b le  3 presents the  wheel 
q u an tity  and q u a lity  flow ing through  
each p a th .. Table 4 , in tu rn , presents  
th e  costs associated with each path and 
the  tbtai cost. Th is  total cost o f some 
$396,000,000 is an estimate of the an
nual total cost I'equired to maintain 
and acquire wheels fo r the entire  
United States railroad in d u s try .

I t  can be noted from Table  3 th a t 
th e  flows in several paths are simply 
those given by the input data in Table  
2A . T h is  is necessarily tru e  fo r the  
reference case. In use of the model tp 
p red ic t fu tu re  usage, these flows will 
change as the  population size, age, 
and q u a lity  change. I t  can also be 
noted from Table 4 th a t, of the  total 
operating  $396,000,000, approxim ately  
$286,000,000 is associated w ith the  p u r
chase of new wheels from the  manu
fa c tu re rs .

S E N S IT IV IT Y  ANALYSIS

The results fo r the  sens itiv ity  
analysis, fo r wheels are given in Table
5 . T h e  decision sensitiv ities , shown 
a t th e  top of the  tab le , contain e ither  
one o r two per branch point. In those 
cases w here two numbers are g iven , 
the  decision is one which is dependent 
on th e  q ua lity  of the a rr iv in g  system. 
The f ir s t  number reflects the  propor
tion of the  a rr iv in g  defective units cor
re c tly  classified as defective and the  
second number reflects th e  number of 
a rr iv in g  good units which are incor
re c tly  identified  as d e fe c tiv e .' In 
cases where, only one number is g iven , 
e ith er one of the  above parameters is

one o r zero , or th e  branch is one a t 
which the decision is not dependent on 
the q u a lity  in the  p ath .

As an example, o f the  use of deci
sion sens itiv ity  resu lts , suppose it  is 
desired to determ ine the change in p re 
sent system operating costs produced  
by an increase in receiving yard  in 
spection e ffectiveness. In p a rtic u la r, 
suppose the proportion of good wheels 
erroneously bad ordered is decreased 
by 15%. As indicated under node No. 
3 in the tab le , a 1% change in the  de
cision probab ility  a t th is  node results  
in a cost change of $307,495.32. I f  
this, in tu rn  is m ultiplied by -15 tp re 
flect the percentage decrease, a 
savings of $4 ,612 ,429 .80  would re su lt.

The cost sensitiv ities a t the  bottom 
of Table 5 can be in te rp re ted  sim ilar
ly , For example, if  the  per wheel cost 
associated with path 14 is increased by  
12%, > the change in system operating  
cost is $67,012.80% x  12% = $804,153.60.

The sen s itiv ity  analyses conducted 
to date suggest th a t the  most impor
ta n t usage factors a ffecting  wheel costs 
are at the y a rd . S pecifica lly , the f r e 
quency of car motion to the  classifica
tion yard combined w ith the  e ffec tive 
ness of the  yard  inspection s ig n ifi
cantly  affect the  present system costs. 
Tha m&st M p & rtan t c&st fac to r is the  
acquisition cost of the  wheel.
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TABLE 1 - WHEEL COST INPUT DATA

P A T H D E S C R IP T IO N
PER W HEEL 

V A L U E  (D O L L A R S ) S O U R C E S  A N D  R E M A R K S

1 W heel d e fe c t  d e te c to r  o p e ra 
t i o n . *

$ 1 x  105 10% p e r  y e a r  o f  to ta l  in v e s tm e n t  (1 00  w h e e l c h e c k  
@ $ 5 ,0 0 0 , 10 @ $ 1 0 ,0 0 0 , a n d  4 & $ 1 0 0 ,0 0 0 )

2 In s ta l le d  ne w  w hee l 2 2 8 .6 5 Job  C o d e  3085 ($ 1 3 .4 5  p e r  1 /1 6  in c h  o f  t r e a d ) ,  
1 7 /1 6  in c h  n e w  w h e e l t r e a d  (a v e ra g e )

3 New w hee l a n d  in s ta l la t io n 2 2 8 .6 5 See 2

7 S c ra p  V a lu e -  1 4 .0 4 Jo b  C ode  3085

11 C o s t o f  w h e e l c a u se d  d e ra ilm e n t  
a c c id e n ts

1 2 0 ,3 0 0 .0 0 F R A  " J o u rn a l F a ilu re  R e p o r t  -  1 0 /7 2 " ,  c o s t e s c a 
la te d  b y  3 .3  to  c o s t o f  p r iv a te  p r o p e r t y

13 R e c e iv in g  y a r d  in s p e c t io n 0 .0 2 In s p e c t io n  t im e  @ $ 1 7 .2 7  p e r  h o u r  f o r  20 se c o n d s  
p e r  4  w h e e ls

14 D e la y  a s s o c ia te d  w i th  s e n d in g  
c a r  to  th e  r i p  t r a c k

1 0 .0 0 T w o  d a y  d e la y  @ $ 5 .0 0  p e r  d iem  t

15 D e p a r tu re  y a r d  in s p e c t io n 0 .0 2 See 13

16 C o s t a s s o c ia te d  w i th  m o v in g  c a r 1 ,7 8 1 .3 3 20 m ile  p e r  h o u r  sp e e d  d e c re a s e  f o r  50 m iles
fro m  f ie ld  to  r i p  t r a c k  @ $ 6 8 8 .5 3  p e r  t r a in  h o u r .  A ls o  $10 f o r  2  d a y s

p e r  d ie m  a n d  10 c a r ' d a y s  lo s t  t im e  d u r in g  s lo w d o w n  
f o r  re m a in d e r  o f  c a rs

18 D e la y  a s s o c ia te d  w i th  s e n d -  1 ,4 1 2 .9 7
in g  c a r  to  th e  r ip  t r a c k  an d  
b re a k in g  th e  t r a in (

20 W heel in s p e c t io n  a t  r ip  t r a c k  1 .4 4

21 R em ove w hee l s e t ,  s h ip  to  w h e e l 1 5 .1 3
s h o p , o u t  o f  s e r v ic e  c o s t ,  w hee l
sh o p  in s p e c t io n  c o s t

25 W heel s h o p  in s p e c t io n  0 .2 9

29 W heel sh o p  in s p e c t io n  0 .2 9

3 m e n , 30 m in . each  @ $ 1 7 .2 7  p lu s  2 d a y  d e la y  
@ $ 4 .0 0  p e r  d ie m  p lu s  2 h o u rs  t r a in  d e la y  @ 
$ 6 8 8 .5 3 / t r a in  h o u r

5 m in u te s  @ $ 1 7 .2 7  p e r  h o u r

R e m o va l: I ’a h o u rs  @ $ 1 7 .2 7 , s h ip p in g  $ 2 .5 0
(1 0 0 0  p o u n d s ,  300 m ile s , $ 0 .0 1 6 2 / to n /m ile ) ,  w h e e ls e t 
d e la y :  o n e  w e e k  o f  w h e e ls e t l i f e  o r  ($ 2 2 8  x  2  + 
$ 2 0 0 ) /5 2 0  o r  $ 1 .2 6 , in s p e c t io n :  o n e  m in u te  ea ch  
w h e e l @ $ 1 7 .2 7 , d iv id e  b y  2 to  g e t  p e r  w h e e l, c o s t

O n e  m in u te  @ $ 1 7 .2 7  p e r  h o u r

See 25

33 In s p e c t io n  f o r  n o n -c o r re c ta b le  0
d e fe c ts

35 S in g le /m u lt iw e a r  in s p e c t io n  . 0

37 F in a l p r e - t u r n  in s p e c t io n  ■ 0

41 Wheel d e m o u n tin g  a n d  in s p e c t io n  1 .4 4

43 R e m o u n tin g  o f  s a lv a g e a b le  w h e e ls  1 .4 4

44  W heel t u r n in g  a n d  in s p e c t io n  1 7 .4 2

45 D e m o u n t w h e e ls  1 .4 4

49 S h ip p in g  o f  w h e e l-a x le  c o m b in a tio n  1 4 .2 0
to  r i p  t r a c k  a n d  in s ta l la t io n

50 S h ip p in g  o f  w h e e l-a x le  c o m b in a tio n  2 ,7 5 4 .1 2  
to  f ie ld  ‘a n d  in s ta l la t io n

52 M o ve m e n t f ro m  r ip  t r a c k  to  d e p a r t -  0
t u r e  y a r d  ■ .

A l l  in s p e c t io n s  p e r fo rm e d  in  p a th s  21 . 2 5 , a n d  29

A l l  in s p e c t io n s  p e r fo rm e d  in  p a th s  2 1 , 25 a n d  29

A l l  in s p e c t io n s  p e r fo rm e d  in  p a th s  2 1 , 25 a n d  29

5 m in u te s  @ $ 1 7 .2 7  p e r  h o u r

5 m in u te s  @ $ 1 7 .2 7  p e r  h o u r

T w o  h o u rs  @ $ 1 7 .2 7  p e r  h o u r  p lu s  o n e  m in u te  
@ $ 1 7 .2 7  p e r  h o u r ,  d iv id e d  b y  2 to  g e t  p e r  w h e e l 
c o s t

5 m in u te s  @ $ 1 7 .2 7  p e r  h o u r

S h ip p in g :  $ 2 .5 0  (1 000  p o u n d s , 300 m ile s , $ 0 .0 1 6 2 /
t o n / m i le ) ,  in s ta l la t io n :  $25.91 (1% h o u rs  @ $ 1 7 .2 7  
p e r  h o u r ) ,  d iv id e d  b y  2 to  g e t  p e r  w hee l c o s t

h d a y  ( 4  h o u r s )  t r a in  d e la y  @ $ 6 88 .5 3  p e r  h o u r

M o ve m e n t p a r t  o f  n o rm a l c la s s if ic a t io n  y a r d  
o p e ra t io n

*  T o ta l s y s te m  c o s t ,  n o t  a p e r  w h e e l c o s t .
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T A B L E  2 a  -  D E C I S I O N  I N P U T  D A T A

WHEELS INPATH DESCRIPTION PATH*
QUALITY(PROPORTIONDEFECTIVE) SOURCES AND REMARKS

1 In use 13,800,000 0.01

2 Expansion of 337,675 0wheel population

11 Wheel caused 475 1derailments

21 Sent to wheel 670,128 0.7785shop for turning or scrapping

25 Sent to wheel shop 206,856 0.01for bearing and axle maintenance

29 Roller bearing in- 196,164 0.01volved in non-bearing caused derailments

34 Discarded be- 684,132 0.55cause Of obvious serious defect

Population Size: "Yearbook of Railroad Facts" (3) Used for freight car population, times 
8 for wheel population. Population quality: 0.01 typicalfrom AAR personnel
Quantity: Difference betweenwheels sold in 1975 as per AAR and quantity in path 7.Quality: New wheels assumedto have ho defects
Quantity: 1975 FRA DerailmentData See (4). Quality: Allfailed wheels are defective N
Quantity: AAR CRB data: Allremovals in 1975 less Why Made Code 11 (Associated Repairs), See (5) for definitions of AAR Why Made Codes and Rules. Quality: Proportion of defectivewheels given by (Quality in Path 21 less Why Made Code 90 (Mate Wheel )/(Quantity in Path 21)
Quantity: AAR CRB data:Why Made Code 11 (Associated Repairs), assumed \ of these not axle related so that wheel sets stay at rip track. Quality: Representativeof in use population

iQuantity: AAR CRB data,Rule 36, Why Made| Code 33. Quality: Representative ofin use population
Quantity: 3/4 of scrappedwheels (path 42) taken as discarded upon first inspection (node 18).' Quality: Mate wheels, sometimes defective, also scrapped.
10% of mate wheels taken as defective.
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WHEELS INPATH DESCRIPTION PATH*

39 Discarded be- 228,044cause wheel not turnable

QUALITY (PROPORTION DEFECTIVE) SOURCES AND REMARKS

0.55 Quantity: \ of scrappedwheels (path 42) taken as discarded upon second inspection (node 21). Quality: Mate wheels, sometimes defective, also scrapped.
10% of mate wheels taken as defective.

42 Scrapped prior to turning

44 Wheels turned

912,176

160,972

1 Quantity: 85% of wheelsreceived at wheel shop are scrapped prior to turning (observations). Quality: All scrapped wheels are defective.
9.2563 x 10 4 Quantity: 15% of wheels(after turn- received at wheel shoping) are turned (observation).Quality: AAR CRB data,Why Made Code 88 (Subsurface defects uncovered during turning).

*AAR CRB data for Rule 41 unless otherwise noted. Quantities escalated by 2.4 to railroad industry rates.
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T A B L E  2 b  D E C I S I O N  I N P U T  D A T A  A N D  D E C I S I O N  P A R A M E T E R  V A L U E S

NODE DECISION CVALUE DVALUE EVALUE SOURCES AND REMARKS
1 Normal movement to yard 52 - ■ Assumed car enters yard once per week H3 Bad ordered in receiving yard 7.270ax10~* 2.0884x1(; / Calculated from quantities and qualities in paths 13 and 144 Bad ordered in departure yard 0 CRB data for wheel maintenace not broken down by receiving versus departure yard ; bad order. Also, wheels typically inspected in detail only at receiving yard.5 Direct movement from field to rip track

0 Data representative of national practice not available. Also, ■ CRB Why Made Code items normally identified visually during receiving yard inspection.
8 Sent to wheel shop for turning or scrapping

1

.
Data representative of national practice not available. Also, normal practice is removal of wheelsets in rip track upon bad ordering in' yard.9 Wheel shop action . required 1 Standard practice is v turning or demounting, of all wheels received at wheel shop

10 Vvneel caused derailments 3.442QxIO""3
0 Calculated from quantities and qualities in paths 1 and 11

11 Sent to wheel shop for bearing and axle maintenance
1 .499ax10 c Calculated from quantities and qualities in paths 1 and 25

12 Wheel shop action required 1 m • “ See 9 ^
14 Roller bearing involved in nonbearing caused derailments

1.4215
x1(j Calculated from quantities and qualities in paths 1 and 29 j

15 Wheel shop action required 1 See 9
18 Discarded because of obvious serious defect.

7.1572x10-̂ 5.6238x10_1
Calculated from quantities and qualities in paths 33 and 34.
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NODE DECISION

19 Discarded because ofinsufficient tread for turning21 Discarded becausewheel not turnable
23 Scrapped prior toturning
25 Discarded becauseof subsurface defects uncovered during turning29 Returned directlyto rip track

C D EVALUE VALUE VALUE

0 -

8.3923 4.2836x10~ x1Q
1 - -

1 0

1 .

SOURCES AND REMARKS

Decisions at nodes 19 . and 21 physically occur simultaneously Calculated from quantities and qualities in paths 37 and 39 Standard practice is to discard all mate wheelsTypically all defective wheels are found and no defective wheels are discarded here Standard practice is to return wheel sets to rip track for installation in trucks

I
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TABLE 3. TABLE 4.
BASE CASE RESULTS - QUANTITIES AND QUALITIES r BASE CASE RESULTS - COSTS

Path
No. ' . ■ Path

No.

1 NUM 13800000, QUAL = 0.0100 1 PATH COST $100000.00
2 NUM/YR = .337675, QUAL a ,0.0000 2 ' PATH COST => $77209388.75
3 NUM/YR =» 912324, QUAL = 0.0000 3 PATH COST = ' $208603110.93
4 NUM/YR = o, QUAL 33 b.oooo 4 PATH COST a $0.00
5 NUM/YR = 0 ,; QUAL' =3 0.0000 5 PATH COST =. $0.00
6 NUM/YR = 0, QUAL a 0.0000 6 PATH COST = $0.00
7 NUM/YR » • 912324, QUAL 33 0.5500 7 PATH COST a $-1.£809042.98
8 NUM/YR =* \ o, QUAL a 0.0000 a PATH COST =■ $0.00
9 NUM/YR = 0, QUAL S 0.0000 9 PATH COST = • $0.00

3,0 NUM/YR - . 0, QUAL a 0.0000 10 PATH COST = $0.00
11 NUM/YR => 474, QUAL a 1.0000 , 11 PATH COST a $57142499.90
12 NUM/YR = 717600000, QUAL a 0.0100 .12 PATH Cost a $0.00
13 NUM/YR * 717937675, QUAL a 0.0099 13 PATH cost a $14358753.50
14 NUM/YR =■ 670127, QUAL a ,0.7785 14 PATH COST = $6701279.99
15 NUM/YR = 717267547, QUAL a 0.0092 15 PATH COST a $14345350.94
16 NUM/YR = 0, ' QUAL - 0.0100 16 PATH cost a ' $0.00
17 NUM/YR » 670127, QUAL - 0.7785 17 PATH cost a $0.00
18 . NUM/YR = 0, QUAL a 0.0092 18 PATH COST a $0.00
19 NUM/YR' = 717267547, QUAL a 0.0092 19 PATH COST a $0.00
20 NUM/YR = 670127, QUAL S2'0.7785 20 PATH COST a $964984.31
21 NUM/YR = 670127, QUAL = 0.7785 21 PATH COST = $10139036.63
22 NUM/YR = 0, QUAL = 0.0000 22 PATH COST a- $0.00
23 NUM/YR - 670127, QUAL a 0.7785 23 PATH COST = $0.00
24 NUM/YR f- 0, QUAL a 0.0000 24 PATH COST $0.00
25 NUM/YR = 206855, QUAL a 0.0100 25 . PATH COST = $59988.23
26 NUM/YR = 206855, QUAL a 0.0100 26 PATH COST = $0.00
27 NUM/YR = o ; QUAL a. 0.0000 27 PATH COST a $0.00
28 NUM/YR = 876983, QUAL a 0.5972 28 PATH COST = $0.00
29 NUM/YR » 196163, QUAL a o.oioo 29 PATH COST a $56887.55
30 NUM/YR = 196163, QUAL a 0.0100 30 PATH COST a $0.00
31 NUM/YR = 0, QUAL a 0.0000 31 PATH COST a $0.00
32 NUM/YR =■ : 0, QUAL a 0.0000 32 PATH COST a' $0.00
33 NUM/YR = 1073147, QUAL a 0.4898- 33 PATH COST a $0.00
34 NUM/YR = 684131, QUAL = 0.5500 34 PATH COST a $0.00
35 NUM/YR,= '389015; QUAL a 0.3841 35 PATH COST - $0.00
36 NUM/YR = 0, QUAL = 0.3841 36 PATH COST - / $0.00
37 NUM/YR = 389015, QUAL a 0.3841 37 PATH COST =. 1 $0.00
38 NUM/YR =* 684131, QUAL a 0.55Q0 38 PATH COST a r $0.00
39 NUM/YR = 228044, QUAL a 0.5500 39 - PATH COST = $0.00
40 NUM/YR = 160971, QUAL a 0.0009 40 PATH COST = ■ $0.00
41 NUM/YR ® 912175, QUAL = 0.5500 .41 PATH COST a $1313533.43
42 NUM/YR = 912175, QUAL a10.5500 42 PATH COST 53 $0.00
43 NUM/YR =» o, QUAL a 0.0009 43 PATH COST a $0.00
44 NUM/YR 160971, QUAL a 0.0009 44 PATH COST a $2804132.20
45 NUM/YR =* 148, QUAL a 1.0000 45 PATH COST a $214.55
46 NUM/YR => 160822, QUAL a 0.0000 46 PATH COST a $0.00
47 NUM/YR = 1073147, QUAL S3 0.0000 47 PATH COST .3 $0.00
48 NUM/YR = 1073147, QUAL a 0.0000 48 PATH COST a $0.00
.49 NUM/YR =» 1073147, QUAL a 0.0000 49 PATH COST a • $15238701.55
50 NUM/YR =» o, QUAL a 0.0000 50 PATH COST a $0.00
51 NUM/YR - o, QUAL a' 0.0000 51 •PATH COST a $0,00
52 NUM/YR = 1073147, QUAL a 0.0000 52 PATH COST a $0.00
53 NUM/YR = 718340694, QUAL a 0.0092 53 PATH COST = 

TOTAL COST =
$0.00

$396228819.55
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I TABLE 5.Il
SENSITIVITY RESULTS - DECISIONS
NodeNo.

1. SENSITIVITY = $1886787.74/%
3, SENSITIVITY = $129239$.50/%
3, SENSITIVITY = . $307495.32/%
4, SENSITIVITY = $0.00/%
5, SENSITIVITY = $0.00/%
8, SENSITIVITY - $0.00/%
9, SENSITIVITY = $0.00/%

10, SENSITIVITY * $571424.99/%
11, SENSITIVITY = $375042.83/%
12, SENSITIVITY - $0.00/%
14, SENSITIVITY = $355657.57/%
15, SENSITIVITY = $0.00/%
18, SENSITIVITY - $120039.99/%
18, SENSITIVITY = $349205.87/%
19, SENSITIVITY = $0.00/%
21, SENSITIVITY = $248879.26/%
21, SENSITIVITY = $203628.48/%
23, SENSITIVITY - $0.00/%
25, SENSITIVITY = $0.00/%
29, SENSITIVITY = $0.00/%

SENSITIVITY RESULTS - COSTS
PathNo.

1, SENSITIVITY = $1000.00/%
2, SENSITIVITY = $772093.88/%
3, SENSITIVITY - $2086031.10/.%
7, SENSITIVITY =■ $128090.42/%

11, SENSITITITY = $571424.99/%
13, SENSITIVITY = $143587.53/%
14, SENSITIVITY - $67012.80/%
15, SENSITIVITY - $143453.50/%
16, SENSITIVITY = $0.00/%
18, SENSITIVITY = $0.00/%
20, SENSITIVITY = $9649.84/%
21, SENSITIVITY = $101390.36/%
25, SENSITIVITY = $599.88/%
29, SENSITIVITY = $568.87/%
33, SENSITIVITY = $0.00/%
35, SENSITIVITY = $0.00/%
37, SENSITIVITY = . $0,00/%
41, SENSITIVITY - $13135.33/%
43, SENSITIVITY => $0.00/%
44, SENSITIVITY - $28041.32/%
45, SENSITIVITY SI- ■ $2.14/%
49, SENSITIVITY- = $152387.01/%
50, SENSITIVITY = $0.00/%
52, SENSITIVITY * $0.00/%

hI '
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QUESTIONS SESSION IV  

Session Chairman - -  George H . Way

Attendee: R. W. .R adford , Canadian
National Railways ■
Attendee's Question: C u rre n t prac
tices in fre ig h t car operation requ ire  
the use o f center plate lubricants to  
reduce tru c k  rotational torque values. 
To eliminate hunting use is then made 
of constant contact side bearings to 
increase track  rotation torque values. 
Did th e  tes t indicate th a t the e ffec tive  
hunting control could be obtained with  
d ry  center plates?

D. S u tliff: To answer the  question;
the  variations in tes t configurations, 
(nominal center plate lu b rica n t, and 
heavily lubricated) and the various  
side bearing loads were intended to , 
obtain d iffe re n t values of damping be
tween the tru c k  and the c ar bolster.
I th in k  it's  safe to say th a t those data 
did tend to indicate th a t as the damp
ing went up there  was a beneficial e f
fec t on the tru c k  hunting . How ever, 
one must also consider curve  negotia
tion . I would be v e ry  re lu c ta n t, from  
our tes t data, to recommend th a t any  
such thing as a d ry  center p late unless ’ 
Considerable attention was paid to the  
wear characteristics of the  components 
involved.!

Attendee:. F. Dean, Battelle Columbus 
Laboratories.
Attendee's Question: When you apply
l/6 th  track  gage and 1/2 gage c rite ria ;  
are these based on an e ffec tive  gage
59.5  to 60 inches or the nominal gage
56.5  inches? And does the l/6 th  gage 
crite ria  have an official status w ith the  
AAR? r - ■ ■

E. Chang: In answering the  question
we used the nominal tra c k  gage.

G. Way: The second p a rt o f th e  ques
tion is, does the l/6 th  gage c rite ria  
have an official status w ith th e  AAR?

E. Chang: No, it  does not.

Attendee: R. Jeff coat, A nalytic
Sciences Corporation.

Attendee's Question: How did you
handle w h ee l/ra ii forces in your non
linear model, especially at flanging?

V . K. G arg: In th e  non-linear model,
we have taken hon-linear fric tio n -c reep  
forces Which are  decomposed into th ree  
components, and detail has been given  
in the p ap er. in th e  contact point 
search scheme, flange  contact is auto
matically detected g iv ing  a re la tive ly  
large lateral ra il displacement and con
tac t slope; This results in a large la 
tera l reaction which is a function of 
rail s tiffness.

G. Way: I th in k  we have the same
question asked here by two d iffe re n t  
people both addressed to E. Chang.

Attendee: R . Jeffcoat, A nalytic
Sciences C orporation.
Attendee's Question: You found th a t
above certain  spiral length , your f ig 
ures of m erit L /V  and coupler angle 
actually ge t worse. T h a t seems s u r
p ris in g . Could you explain physically?

Attendee: F . K ing , Canadian National
Rail.
A ttendee's Question: I f  l. understood
one of yo u r graphs c o rrec tly , you 
showed an optimum spiral length which 
generated a minimum lateral fo rce . 
T h e  graph appeared to me to show th a t  
longer spirals actually  generated la rg er  
lateral fo rces. I would have thoug ht 
th a t th ere  was a minimum spiral length  
beyond which th e  lateral forces would 
not increase. To p u t the question in 
another w ay , i s , it  possible to have a 
spiral which is too long?

E. Chang: Well, in th is  study in d i
cation has been found th a t beyond c e r
tain spiral lengths the  coupler angle  
attained during  curve negotiation did  
increase s lig h tly .

Gi Way: In the simulation model it
appears th a t coupler angle does in 
crease’ s lig h tly  i f  the  spiral is beyond 
an: optimum len g th , so i t  is possible to
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have too long a spira l although the  
consequences are  not d isastrous. Is 
th a t proper paraphrasing?

E. Chang: Yes.

A ttendee: R. E. Johnson, Burlington
N orthern In c .
Attendee's Question: Y our slide ind i
cates th a t the  N D T band fo r Grade C 
is the same as Grade E steel when 
quench and tem pered. A re there  any 
other advantages o th er than tensil 
strength  fo r using Grade E steels fo r  
couplers, yokes, and knucklers? Any  
disadvantages? Is q u a lity  control to 
quench and tem per E steel more d if f i 
cu lt than C steel?

D. Stone: I th in k  th a t you 're  correct
in assuming th a t the  only advantage  
th a t Grade E steel has over the  
quench and tem pered Grade C is the  
increased yield s tre n g th . As a matter 
of fa c t, one can use the  same steel fo r  
both Grade C quench and tempered and 
Grade E simply by changing the tem
pering tem perature  b y  100 or so de
grees to get th e  lower stress with a 
higher tem pering tem perature  fo r the  
Grade C . As fa r  as q u a lity  control 
problems go, th e  general th ing  I th in k  
th a t you want to avoid is developing a 
mixed m icro -s tru c tu re . In other 
w ords, in the  quench and tempered 
steels you want them to be m artensitic  
and banitic with no pearlite  in them. 
A nd, th a t presents a q u a lity  control 
problem. On th e  o th er hand, you have 
the exact situation in reverse with the  
normalized and tem pered steels which 
are fe rr ite /p e a r lite  m ixtu res . There  if  
you get transform ation products such 
as m artensite or b an ite , you 're going 
to decrease the  p ro p erties  of the nor
malized and tem pered s teel. So, in 
both cases, I th in k  th e  same degree of 
q u ality  control is re q u ire d . A nd , this  
might be carried  a step fu r th e r  in tha t 
it  could be a r is k y  practice to t r y  to 
normalize a quench and tempered steel 
or quench and tem per a normalized 
steel because when you go through th a t 
procedure you do have the  possibility  
of getting  a mixed m icrostructure  in 
e ith er o f the  steels, the. quench and 
tempered or the normalized and tem
pered.

Attendee: C . E. H artze ll, General
E lectric Co.
Attendee's Question: Have time d u ra 
tion limits ye t been established fo r  c r i
tical L /V  ratios fo r rail ro llo ver, rail 
climb, etc .?

D. S u tliff:  I t  has certa in ly  not been
established by us. We've used c rite r ia  
which have been used fo r  many years  
and indeed some of the  information  
we've obtained from past tests tend to 
support the  conclusion th a t those c r i
te ria  may be unrealis tic , perhaps  
grossly so.

Attendee: E. H . Law, Clemson U ni
v e rs ity .
Attendee's Question: O ur analysis of
lateral s tab ility  using linear models 
have indicated a strong dependence of 
stab ility  on the values of creep coeffi
cients used. Could you comment on 
how you selected the values you used 
to calculate your results fo r th is linear 
model?

V . K. G arg: So fa r ,  we have not
made any param etric study with the  
linear hunting model. T h e re fo re , we 
cannot comment on the influence of 
creep coefficients on vehicle s ta b ility . 
In our analysis, we selected the creep  
data reported by Professor Law in his 
previous w ork.

Attendee: E. H. Law, Clemson U n i
v e rs ity .
Attendee's Question: In the te s t of
configuration the B tru c k  had brand  
new AAR wheels with a mill scale p re 
sent while the  A tru c k  had the  same 
wheel profiles bu t w ith th e  mill scale 
worn o ff. Results indicate large flange  
to flange motions of the A tru c k  at 
about 60 mph while large motions of 
both the A and B tru c k  did not s ta rt  
until 80 to 88 mph. A possible exp lan
ation fo r th is  behavior is the  d iffe re n t 
wheel surface conditions and hence 
creep characteristics of th e  A and B 
tru c k s . Was this factor considered in 
your analysis and if so, how?

V . K. Garg: We are using th e  same
creep characteristics fo r all the wheels. 
I don't th in k  we have taken th e  two 
d iffe re n t profiles on two tru c k s .
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G. Way: I th in k  the question is th a t
th e  pro file  is the  same, b u t one had. .

V . K . G arg: No, we took the  same
creep .

A ttendee: N . Cooperrider> A rizona
State U n ivers ity .
A ttendee's Question: In what sense do
you consider your theoretical analysis  
validated? For example, we have  
found the vehicle behaving qu ite  sen
s itive  to factors such as creep co effi
c ien t, (th is  gets back to the  previous  
question) and amplitudes of motion th a t 
cross non-linear elements. How did  
you choose these factors in your an a ly 
sis? Have you looked at varia tions of 
these factors?

V . K . Garg: As I mentioned in the
presentation , the  validation has not 
been, completed. So fa r ,  we have ana
lyzed only one tes t configuration . We 
are  looking into other te s t co n fig u ra 
tions which consist of the AAR and CN 
wheel p ro files . In th e  no n -lin ear  
model, th e  fric tio n -c reep  cu rve  has 
been selected by compromising th e  data  
published by various investigators . 
Since a t th is  time we have not con
ducted any param etric s tu d y , we are  
not in the position to describe th e  in 
fluence of the  amplitudes of motion 
across non-linear elements.

Attendee:. N . C ooperrider, Arizona  
S tate  U n ivers ity .
A ttendee's Question: Could you b r ie f
ly  comment on what the QLTS model 
does or re fe r me to a document des
c rib ing  it? .

E. Chang: Basically the model simu
lates consists in cu rve  negotiation and 
it  calculates L /V  ratio in quasi static  
sense and also calculates maximum 
coupler angle; the  reference I w ill re fe r  
you to is technical documentation on 
quasi s tatic  lateral tra in  s ta b ility  model 
by L a rry  Thomas and R eport No. is 
E209 and th e re  is also a user's manual 
th a t comes with th a t. T h a t model is 
developed in Phase I T D T  and in th is  
study we have s lightly  modified a 
model to calculate the critica l speed 
namely the  overtu rn in g  speed and the

acceptable operation speed.

G. W a y :. A re  those modifications docu
mented also?

E. Chang: No, I don 't th in k  so.

A ttendee: N. C o o p errid er, Arizona
State U n ivers ity .
Attendee's Question: I am confused
about the in p u t and o u tpu t forces to 
th is  model. A re  the  steady state c u r
ving forces w h ee l/ra il forces input to 
th is model? What basis is used fo r the  
output L /V  ratios per wheel, per 
tru c k , per vehicle?

E. Chang: Th is  is based on in fo r
mation supplied by Electro-M otive D iv 
ision.

Attendee: N . C o o p errid er, Arizona
State U n ivers ity .
Attendee's Question: We have pro
cessed the random response fie ld  tes t 
data to compute frequencies and damp
ing* ratios by both the  random decre
ment technique and by PSD methods. 
O ur values fo r  freq u en cy  and damping 
ratio  obtained from the two methods 
agree quite  closely. However, our 
values are much h igher than th e  values 
you presented by C onfiguration 6. 
Could you comment on how you obtained 
your values? How many values were 
averaged, what data was ignored, etc.?

V . K. G arg: We did not use the  ran
dom decrement technique or the power 
spectral density  method to compute 
frequency and damping ra tio . In our 
analysis, we used fo rce r te s t data and 
employed two consecutive peaks to com
pute damping ratios using lograthemic 
decrement technique. In th e  analysis, 
care has been taken to separate the  
data into segments each representing  
the response to a single fo rc e r activa
tio n . Number o f values available fo r  
averaging depend upon the  length of 
ru n -tim e . On an average about 25 to 
30 data points have been used.

A ttendee: M. K enw orthy, ENSCO.
Attendee's Question: What is the  mo
tivation  fo r fatigue* life analysis? Does 
th e re  exis t a real problem w ith fatigue
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fa ilu re  in rail cars today? If  so, what 
is the  o rd er o f magnitude in terms of 
safe ty , equipm ent damage, loss of life , 
or dollars?

V . K. G arg: As I mentioned, the
whole objective o f th is  program is to 
demonstrate how one can use the  
stru c tu ra l dynamics techniques fo r  
b ette r evaluation of the  fa tig u e .

G. Way: I'd  like to add something to
th a t. C erta in ly  th e re  is a , not exactly  
a problem , b u t cars do s u ffe r from fa 
tigue and the  railroads get upset over 
i t ,  and I call up .the car bu ilder and 
ask what's happening. So, from th a t  
standpoint, th e re  certa in ly  could be 
considered a problem. This all ties 
into the  acceptable life of the  vehicle. 
As fa r  as the  cost and the  dollars are  
concerned, I do n 't have those fig u res .

A ttendee: B . T e rle c k y , T ra ile r  T ra in
Co.
Attendee's Question: Do you suggest
extension of low tem perature notch p ro 
p e rty  requirem ents to o ther than  
coupler d ra ft  system components, 
yokes, f ro n t-re a r  stops, etc.?

D. Stone: It  would depend on what
the  experience is with these specific 
components you mentioned. If  they  
show a b r itt le  fra c tu re  when they  fa il, 
then yes , I th in k  it  would be appro
priate  to in troduce a material with a 
b ette r notch toughness. A nd, I th in k  
yokes are d e fin ite ly  a case where th is  
w ould .be tru e .

A ttendee: A . G illespie, Transportation
Safety In s titu te .
Attendee's Question: What are the
dominant morphological forces in the Q 
and T  steels and what is the  percent 
closely held carbon?

D. Stone: T h e  quench and tempered
steels are prim arily  a banite /m artensite  
m ixture and the carbon range is be
tween approxim ately .20 and .35 weight 
percent.

A ttendee: A . G illespie, Transportation
Safety In s titu te . 1
Attendee's Question: What percent of
coupler fa ilu res  are  a ttrib u ted  to tem

perature  related factors in surface  
couplers?

D. Stone: V irtu a lly  all th e  fa iled
couplers th a t we looked at showed 
some fa tigue cracking from some sort 
of a defect w hether it  was a manufac
tu rin g  defect o r a defect th a t was in 
troduced by serv ice. T h is  would grow  
to a critical size and you'd get a b r itt le  
fra c tu re . So, in th a t sense, v ir tu a lly  
all of them are tem perature sensitive  
fa ilu res .

Attendee: A . G illespie, Transportation
Safety In s titu te .
Attendee's Question: What processing
differences in m anufacturing are  th e re  
between .normalized and tempered and 
quench and tempered steels and , 
th ere fo re , what are the  approxim ate  
cost differences?

D. Stone: Well, the  d ifference be
tween normalizing and quenching is 
essentially th a t in normalizing you heat 
the piece to. a certain tem perature and 
then allow it  to a ir  cooled and in the  
quenching you heat i t  to a given tem 
perature' and then remove it  to n o r
mally w ater or some other quenching  
medium. So, i as fa r  as the  manufac
tu r in g , cost, I don 't th in k  th ere  is a 
large d iffe ren ce . , I don 't m anufacture  
couplers so don 't hold me too t ig h t to 
th a t. T h e  real problem seems to be on 
reclamation, where v ir tu a lly  all of the  
railroad reclamation shops have normal
izing and tem pering facilities  b u t not 
quench and tem pering fac ilities . So, 
the largest cost if  quench and tem
pered couplers are  accepted as a stan
dard wilf be more on the railroad side 
iri th e ir  reclaiming shops w here  th ey 'll 
have to add quenching fac ilities .

G. Way: Lastly we have a comment
from H. Law and N . C ooperrider. 
They  wish to express th e ir  opinion th a t  
the AAR and the Union Pacific made an 
excellent e ffo rt in the  fie ld  te s t des
cribed . To th e ir  knowledge, th is  
e ffo rt was one of the  most extensive  
and comprehensive ever conducted fo r  
the purposes o f validation of lateral 
dynamics models. The AAR and the  
UP are to be congratulated fo r these  
fin e  e ffo rts .
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IMPROVED RAILROAD ROLLER 
BEARINGS THROUGH RESEARCH

BY

Thomas C. Keller

Executive Summary

Research at the Timken Company is accomplished in several ways. 
Timken Research is a separate department of the engineering organization 
devoted to exploring and developing new ideas. The Physical Laboratories 
engage in testing full-size bearings and other material to evaluate perfor
mance. Service feedback and review is another important input to the accom
plishment of research goals.

The Timken "AP" (All-Purpose) Tapered Roller Bearing, which is a 
standard bearing for  use on freight cars as well as other types of rolling 
stock is the primary object of the research discussed. Material and process 
improvement can produce up to a seven times improvement in life , as evalu
ated by full-size fatigue test machines. However, adoption is subject to 
economic restraints. Higher viscosity oil in the grease used in this type 
bearing has been adopted as a result of laboratory bearing fatigue evalua
tions, which showed a doubling of life using SAE 50 versus SAE 20 oil. The 
water content of the lubricant is another life variable which was explored, 
where 0.04% water dissolved in oil gave about half the bearing life of that 
having 0.01% water.

Bearing adjustment is very important to bearing performance and mini
mum end play or lateral is built into the bearing to give maximum life under 
running conditions. The operating environment of the bearing is vital to 
bearing operation thus making the seal a very important element, the efficien
cy  of which is established and maintained by extensive laboratory testing. 
Other noteworthy components are the vent and locking plate. The vent is 
important because a 5 psi internal pressure can reduce seal life to about 
one-half that under zero pressure. The new locking plate has the feature of 
positive cap screw locking with minimum risk of human error.

\.
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REALISM IN RESEARCH FOR RAILROADS 

BY

R. H. Beetle

Executive Summary

Railroad freight operations differ from other modes o f transport. Re
search developments must be compatible with trains having coupled cars of 
differing characteristics operating within the fixed parameters o f existing 
track structures. There is an overabundance of ideas for  research and 
development on track and/or car components. Screening these ideas through 
railroad constraints is realistic even though viewed as unimaginative by some.

The concerns o f early railroading still challenge today's research to find 
pioneering breakthroughs. Realism in today's research requires handling of
many new ideas under changing conditions regarding environmental aspects, 
availability of materials, energy conservation, and economic factors.

Research and development in trackwork, wheels, and friction braking 
requires realism in specifications and product performance with proper labor
atory and field testing. In addition, the requirement for  complete system 
analysis is vital to railroad progress.

Joining of the rail lines into a transcontinental system back in 1869, was 
an achievement brought about by cooperation o f the pioneer railroads and the 
Government. Today's comparable achievement is the joining o f the resources 
of not only the United States Government, but the Canadian Government, the 
AAR, RPI, and the many others, into the TTD and FAST programs. Use of 
TTD and expansion of the FAST trackage to permit a wider range of tests on 
longer tangent track, certainly are forward and logical steps to benefit the 
railroad industry as soon as possible.



INSTRUMENTED WHEEL SET SYSTEMS 
FOR PRODUCT PERFORMANCE ANALYSIS

BY

H. G. Tennikait

Executive Summary

There has been, in recent years, an increased and dedicated effort by 
industry, government and academic groups to more fully understand the 
dynamics of a railroad freight car. Evaluating the forces and motions imposed 
on the freight car during "real world" operating conditions has required the 
application o f procedures, techniques, and hardware that were, in the not too 
distant past, foreign to our industry. Not only has off-the-shelf hardware 
been brought into wider use, special equipment has been designed, con
structed, and employed to develop specific operating parameters.

Of prime importance in any truck study are the forces at the wheel/rail 
interface. The problem of converting a rotating wheel and axle set to a force 
measuring transducer is difficult. Even more difficult is the transmission of 
the relatively low level signals to the recording equipment.

Several types o f systems are now being used, however, an approach 
presented to the industry by Messrs. L. A. Peterson, W. H. Freeman, and J.
M. Wondrisco in ASME Paper 71 WA/ RT4, seemed the most practical for ASF's 
use. Their approach entailed the application of the combined measured bend
ing moments in the axle, and the measured vertical journal forces to the 
equations developed from free body diagrams of the wheel/axle se t . ASF 
used the same basic force diagram arid the resulting equations. However, the 
methods of sensing the vertical journal forces and the bending moments in the 
axle are different.

U i.



THE DR-1 RADIAL TRUCK
A SIGNIFICANT ADVANCE IN FREIGHT CAR TECHNOLOGY

BY

E. C. Bailey
N. Caldwell 

P. P. Marcotte

Executive Summary

During the past two years, significant progress has been made in the 
development of adapting radial steering arms to a conventional three-piece 
truck to improve curve tracking characteristics and provide increased sta
bility at maximum operating speeds. The result is a new truck design which 
has been designated the DR-1 Radial Truck. Extensive tests have been 
conducted on the DR-1 which provided conclusive proof that the steering 
arms eliminate hunting within the operating speed range and greatly improve 
curve negotiation.

On the economic side, actual cost information has been compiled on some 
of the operational parameters affected by the improved tracking performance 
of the truck, such as wheel and rail wear and fuel consumption. This data 
has provided, valuable insight into the significant savings that can be realized 
from the application of the self-steering principle.

The work done to date has demonstrated the DR-1 to be technically and 
economically feasible. The next step in the program calls for selected rev
enue service applications of the production Version.

The purpose of this paper is to review the progress made on this project 
in the past two years, explore Some of the revealing data on the economics of 
improved truck performance and outline the plans for the introduction of the 
DR-1 into field service.



STACKED CONTAINER CAR FOR LAND BRIDGE

BY

L. H. Nations 
R. H. Billingsley, Jr.

Executive Summary

The strong need for improved efficiency in rail transshipment of freight 
containers from container ships prompted the Southern Pacific to undertake 
the development of a container car specialized for "Land Bridge" operations. 
The fundamental objective to reduce car lightweight was obtained by stacking 
containers as compared to usual end-to-end loading. An additional benefit 
was substantially reduced train lengths. The Southern Pacific is also devel
oping concepts which would retain TOFC capability as well as improve COFC 
efficiency. ACF, under contract to Southern Pacific, has designed, built, 
and tested a prototype design version of the stacked container car concept. 
The prototype design demonstrated the weight reduction objective feasibility 
while at the same time conforming to all AAR/FRA design and safety require
ments. The only restriction involves height, which is the same as multi-level 
auto rack cars. •

The need for a lighter weight car specialized to handle containers has 
been building for some time. Before the advent of landbridge and minibridge 
all-container movements and the growth of a network of terminals with lift-o ff/ 
lift-on handling equipment, the logistic versatility of the all- purpose piggy
back car inhibited developing COFC-only cars. Now, however, there is 
definite justification for developing such cars to achieve maximum economy 
operating: point-to-point within the network.

Reducing car weight for more economical transportation is by no means 
new or novel; it has been a popular theme for decades. In this case, how
ever, it is not a matter of skinning down existing structure with the atten
dant complications and hazards of potential fatigue problems, rather it is the 
selection of an alternate structure. It is an opportunity to take a fresh 
outlook and to conceptualize taking advantage of many years of piggybacking 
development and experience behind u s.
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IMPROVED RAILROAD BEARINGS  
THROUGH RESEARCH

BY

Thomas C . Keller

Research at the Tim ken Company is 
accomplished in several w ays. Timken 
Research is a separate departm ent of 
the  engineering organization devoted to 
exploring and developing new ideas. 
The Physical Laboratories engage in 
testing fu ll-s ize  bearings and other 
material to evaluate perform ance. S er
vice feedback and review  is another 
im portant input to the  accomplishment 
of research goals.

The Timken "AP" (A ll-P u rp o se ) 
Tapered Roller B earing , which is a 
standard bearing fo r use on fre ig h t  
cars as well as o ther types of ro lling  
stock is the prim ary object of the  re 
search discussed. Material and p ro 
cess improvement can produce up to a 
seven times improvement in life , as 
evaluated by fu ll-s ize  fa tig u e  tes t ma
chines. However, adoption is subject 
to economic re s tra in ts . H igher visco
s ity  oil in the grease used in th is  type  
bearing has been adopted as a resu lt 
of laboratory bearing fa tig u e  evalua
tions, which showed a doubling of life  
using SAE 50 versus SAE 20 o il. The  
w ater content of . the  lubrican t is 
another life variab le  which was ex 
p lored , where 0.04% w ater dissolved in 
oil gave about half the  bearing life of 
th a t having 0.01% w ater.

Bearing adjustment is v e ry  impor
ta n t to bearing perform ance and mini
mum end play or lateral is b u ilt into 
the  bearing to g ive maximum life  under 
runn ing  conditionis. The operating en
vironm ent of the  bearing is v ita l to 
bearing (operation thus making the seal 
a v e ry  im portant elem ent, the  e ffic ien 
cy of which is established and main
tained by extensive laboratory  testing . 
O ther noteworthy components are the  
ven t and locking plate. The ven t is

im portant because a 5 psi in ternal 
pressure can reduce seal life  to about 
One-half th a t under zero pressure . 
The new locking plate has the fea tu re  
of positive cap screw locking with min
imum risk  of human e rro r .

IN TR O D U C TIO N

In 1954 when the Timken "AP" (A ll-  
Purpose) Roller Bearing was in tro 
duced to th e  railroad in d u s try , th e  
v e ry  best th in k in g  of th a t time was 
incorporated into i t .  Since th e n , an 
almost continuous series of im prove
ments and changes have been b u ilt into  
th is  bearing to b e tte r adapt it  fo r  the  
arduous service requ ired  fo r fre ig h t  
cars as well as fo r passenger cars , 
tra n s it cars , locomotives, and indus
tr ia l equipm ent. The present day  
tapered ro lle r bearing shown in fig u re  
1, still interchangeable with the o r i
g ina l, does not appear to be much d if 
fe re n t from the  o rig in a l. B ut it  is d if 
fe re n t in many w ays, brought about 
by several d iffe re n t types of research.

FIGURE 1. TIM KEN "AP" BEARING

Thomas C. Keller is Chief Engineer, Railroad.Division of the Timken Company. He received his Bachelor of Science Degree in Mechanical Engineering from the University of Pittsburgh (1939) and also attended the Management Program for Executives at that University in 1967. Keller also is a Registered Professional Engineer in Ohio.
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In -d e p th , advanced th in k in g  and 
comprehensive w ork is perform ed at 
Tim ken Research where investigations  
explore fundam entals o f tapered  ro ller  
bearings relating  to m eta llu rg y , geo
metrical design, and the e ffec t o f en 
vironmental factors such as lu b rican ts , 
contam inants, speed, tem p eratu re , and 
misalignment in application.

A second form of research comes 
from the Timken Physical Laboratories  
w here major activ ities include bearing  
fa tig u e  te s tin g , seal te s tin g , and lub
rican t evaluation. In  ad d itio n , all 
sorts of d a y -to -d a y  investigations are  
made to evaluate application ideas fo r  
improvement or to solve fie ld -g e n e r
ated problem s.

Actual service feedback on bearing  
perform ance in the fie ld  is another Im
p o rtan t form of research . I t  is the  
service endured under th e  actual 
equipm ent which provides th e  final 
evaluation of the ro ller b earin g . Here  
th e  weaknesses and strengths are  re 
flec ted . I t  is also here th a t th e  most 
can be learned about meaningful p e r
form ance. With an e ffective  feedback  
system from the fie ld  service eng in 
eers , provided by the  service eng in 
eer's  re p o rt, a v e ry  valuable in p u t is 
added to the o ther forms of research .

For those who may not be com
p letely  fam iliar w ith the  Association of 
American Railroads (A A R ) s tandards, 
i t  is well to mention th a t the  bearing  
envelope dimensions are standardized  
and the AAR requires certain  labora
to ry  and fie ld  testing fo r qualification . 
The Timken "AP" Roller B earing , 
having AAR approval number 1A, 'is 
shown in an exploded assembly in 
fig u re  2 to fam iliarize the reader with  
th e  various parts o f the  assembly and 
th e ir  arrangem ent so the following de
tailed  discussion may be understood  
b e tte r . The bearing shown is the  
latest N o-F ie ld -Lubrication  (N F L ) de
sign which requires lubrication only  
when the wheelset is in the  shop fo r  
wheel tu rn in g  or wheel change.. The  
bearing is completely self-conta ined , 
preadjusted and p re lu bricated  with  
grease.

As fu r th e r  background, it  should 
be mentioned th a t the "AP" bearing, is 
used in a wide range of sizes, shown

FIGURE 2. TIM KEN "AP" BEARING  
NOMENCLATURE

in fig u re  3 , having bores ranging in 
size from 100 mm (4 " )  to 178 mm (7 " ) .  
The size designations "B" through "G" 
are applicable to fre ig h t cars , although  
the  smaller sizes are not used much in 
the U .S .A . anym ore. The "EE" sizS is 
employed mostly on passenger cars , 
while the large "GG" is used fo r loco
motives.

FIGURE 3. RANGE OF TIMKEN "AP" 
BEARING SIZES

Some of the more s ign ificant items 
of in te res t concerning research and 
development are discussed below.

M ATERIALS & PROCESSES

Many variations in materials and 
processes have been evaluated by fa 
tigue testing  fu ll-s iz e  bearings, gen
e ra lly  the  Class F (6^ x 12) size n o r
mally used on 100-ton fre ig h t cars. 
Table 1 shows the  range of life ob
tained using d iffe re n t m etallurgical and 
process variab les . Details are not 
shown because th is  information is con
sidered p ro p rie ta ry . The im portant 
th ing  to recognize is th a t these im
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provements are possible in the devel
opment of bearing technology. Some 
of them may be applicable today, 
while others face economic b arrie rs  
which will have to be overcome fo r  
th e ir  adoption.

"A P ” BEARING FATIGUE RESEARCH

M A T E R IA L  A N D
P R O C E S S  TESTED LIFE IJMDEX

A ------ ---------- ---------------1.0

B — — — --------- --------- -- 1.7

C ---------------- ------------- -- 3.3

D ------- ------------------- ----------7 .0

E ------------ —  —  —  1.0

, TABLE 1.

Such evaluations are  d iffic u lt to 
make in the fie ld  so th e y  are  p e r
formed in the laboratory  on fatigue
te s t machines (f ig u re  4 ) .  Each ma
chine has two shafts and fo u r bearings  
per shaft are tes ted . To accelerate 
the  fa tigue process, th e  bearings are 
run at over two tjmes normal fre ig h t  
car loading and a t 1200 rpm or roughly  
190 kilometers per hour (120 mph) 
equiva lent. Even so, 32 bearings must 
be run two to six weeks to evaluate  
each independent variab le . This is 
expensive and time-consuming testing .

FIGURE 4. TIM KEN BEARING FATIGUE  
TEST MACHINES

LU B R IC A N T V IS C O S IT Y

On the  same .fatigue te s t machines 
discussed above, extensive investiga
tions were made to evaluate the  effect, 
of oil v iscosity on fu ll size "AP" 
bearings. The decision to undertake  
th is testing followed a comprehensive 
project at Tim ken Research, evaluating  
various lubrication , film e ffec t modi
fy in g  fac to rs , such as base oil visco
s ity , tem peratu re , speed, and load on 
tapered ro ller bearings of re la tive ly  
small size compared to railroad  
bearings. T h e  "AP" tests Were run  
to determine th e  magnitude of influence  
of oil. viscosity on bearing life on these  
large bearings.

Table 2 c learly  shows the  bearing  
life effects of oil viscosity variab les . 
The standard fa tig u e  tes t lubrican t in 
the laboratory is SAE #20 oil as Shown 
in the f ir s t  line fo r comparison. This  
oil roughly simulated the  film thickness; 
under average operating conditions of 
AAR Grade B grease. Testing  with  
SAE #5 o il, life -w as  reduced to half of 
standard. On th e  other hand, SAE 
#50 oil more than doubled bearing life .

"A P ” BEARING FATIGUE RESEARCH

SAE O IL  G R A D E  LIFE IN D E X

2 0 --------—  ---------1.00

5    D .4 5

50 — -------- ----------- 2.12

TABLE 2 ..

This experim ent illustrated  the  bene
f i t  of h igher viscosity oil and resulted  
in the one grease supplier's develop
ment of a new grease embodying it .  
The new grease was f ir s t  used in the  
Timken X tended Performance (" X P " )  
bearing designed to operate 600,000  
miles or 10 years , w hichever occurs  
firist w ithout lubrication addition. Sub
sequently, the  AAR adopted a new 
grease specification, M -942, incorpor
ating the h igher viscosity oil.
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GREASE S T A B IL IT Y

In answer to a need to b e tte r eva l
uate grease s tab ility  in ra ilroad s e r
v ice , a v ibration machine is used 
(f ig u re  5 ) to simulate the environm ent 
created by steel wheel on steel ra il. 
Traditional bench tests did not p red ic t 
the performance of a grease in railroad  
serv ice , but the v ib ration  tes t u tiliz in g  
a fu ll-s ize  bearing as shown in th e  p ic
tu re  has provided en tire ly  re liab le  
results  in th is respect. The v ib ra tin g  
tab le produces +4 G's at 38 h e rtz  and 
the tes t duration is 48 hours.

This machine provided a research  
tool fo r quick evaluation of grease sta
b ility  which form erly was v e ry  costly , 
questionable, and time-consuming  
under field evaluation methods. The  
previously mentioned AAR Specification  
M-942 incorporates a requirem ent fo r  
stab ility  evaluation in th is  same 
manner.

EFFECT OF WATER IN LU B R IC A N T

Water in lubricant has a ^erious  
effec t on ro ller bearing life . Re
search testing has determ ined th a t

FIGURE 5. V IB R A TIO N  TEST MACHINE

bearing fatigue life w ith SAE #20 oil 
having a dissolved w ater content of 
400 parts per million (0.04% ) is only  
about half of th a t having 100 parts  per 
million as shown in Table 3. Data is 
not available, however, to determ ine  
the  e ffect on life of w ater content in

grease. W ater content in grease is 
reg u larly  much h igher than used in 
the research pro ject and generally  0.5% 
by w eight is not considered detrim ental 
to perform ance. Since most of the  
w ater in grease is absorbed by the  
soap content of the  grease, th ere  is 
little  doubt th a t d irec t comparisons of 
w ater e ffect in oil cannot be made to 
th a t in grease.

T IM K E N  R E SE A R C H  ST U D Y

EFFECT OF WATER IN LUBRICANT ON BEARING LIFE

WATER CONCENTRATION 

PARTS PER MILLION 

% BY WEIGHT

100

0.01

400
0.04

BEARING LIFE REDUCTION — 51%

TABLE 3.

I t  has been learned from field  ser
vice experience th a t excessive w ater in 
grease does drastica lly  a ffect bearing  
fa tigue  life , a t least under a condition 
when the  soap is saturated and free  
w ater is p resent. S u ffic ien t specific 
data is not available a t th is time to 
q u antify  the w ater e ffect here.

BEARING LATERAL OR END PLAY

The influence of bearing adjustment 
on fa tigue  life  has been quantified by  
a computer program based on mathema
tical analysis o f th e  fundamentals in 
volved. The  cu rve  in fig u re  6 illus
tra tes  the re la tive  e ffect of preload 
and lateral o r end play on bearing  
life .

A s light preload provides the o p ti
mum adjustm ent and would b e 'th e  ideal 
condition to obta in . However, bearing  
life  rap id ly  decreases with increase in 
preload as shown by the steepness of 
the  slope on the cu rve . Another fac 
to r is the  amount of preload is d iffic u lt 
to measure. For these reasons, on 
railroad tapered ro ller bearings, the  
minimum amount of lateral o r end play  
is considered the  best approach to ob
tain maximum life . To - achieve this  
goal, the spacers which determ ine the
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bearing adjustm ent are  provided in in 
cremental lengths to obtain closely con
tro lled  preadjustm ent a t the  fac to ry  or 
bearing shop.

RELATIVE LIFE vs. OPERATING BEARING SETTING 
, JTjmicâ heoreticâ urve)

FIGURE 6.

ELASTOMERIC SEALS

Elastohydrodynamic (E H D ) seals 
were f ir s t  used by the  railroad indus
t r y  in Timken bearings in 1967, The  
EHD mechanism is located on the field  
side of the fluid* lip o f the  seal as 
shown in fig u re  7 . T h e  tr ia n g u la r con
fig u ra tio n  in th is  design acts as a 
pump to impede leakage and enhance 
the  lubrican t film  in the  lip contact 
area.

FIGURE 7. THE EHD MECHANISM

Research and experience have d is
closed th a t perform ance testing  is the  
only reliab le way to  evaluate seals. 
T h ere fo re , individual seal designs are  
qualified by te s t and each batch of 
seals is audited in th e  laboratory .

Table 4 shows a list of the extensive  
te s t procedures required  fo r a new 
Timken Company seal design. Once a 
design is q u a lified , individual batches 
are audited under Procedure 2.

Extensive research has gone into  
seal design fo r many years because 
railroad service presents a tough en 
vironm ent fo r  seals. P resent-day  
energy conservation d es irab ility  e n 
courages th e  development of low torque  
seals, which has resulted in the add i
tion of th e  torque tes t under Proce
dure 9 . How ever, low torque should 
not be achieved at the expense of ade-

THE T IM K E N  C O M P A N Y  

S U M M A R Y  O F  " A P ” B E A R IN G  SEAL TESTS

TEST PROCEDURE TEST TYPE PURPOSE OF TEST TO EVALUATE

APPLIED 
PRESSURE 
MAX. PSI

1 AUDIT COMPOUND AND LEAKAGE 25

2 PART 1 COMPOUND HEAT AND WEAR RESISTANCE 25
PART 2 COMPOUND LEAKAGE AFTER EXTENDED SERVICE 25

3 GEOMETRY SEAL LIP AND MOLD DESIGN 25
4 ECCENTRICITY SEAL LIP FOLLOWABIUTY 0
5 LIFE AGING AND UP FORCE RETENTION 0
6 WATER RESISTANCE TO WATER INGRESS 0
7 DUST RESISTANCE TO DUST INGRESS 0
e VIBRATION VIBRATION AND SHAFT REVERSAL 0
9 TORQUE DYNAMIC TORQUE ■ ' 0

TABLE 4.

quate perform ance. Procedures 6 and 
7 were added to guard against ingress  
of dust and w ater, as well as Pro
cedure 8 to make sure seals w on't leak 
under the v ib ra tion  conditions e xp er
ienced in serv ice . These added test's 
are v e ry  im portant because methods of 
reducing torque involve reducing flu id  
lip force on the shaft and elimination 
or reduction of dust lip f i t  which can 
seriously a ffec t sealing e ffic iency .

VEN TIN G  EFFIC IEN C Y

Venting of a bearing is im portant to  
the  sealing effic iency fo r two reasons. 
F irs t, to avoid pushing the seals out 
of, the bearing d uring  relubrication and 
second, to avoid excessive internal 
pressure which reduces seal life . The  
curve in fig u re  8, from work by B rin k , 
shows th a t seal life  under 5 psi p res
sure is only .about half of th a t under 
no pressure. To achieve the  lowest 
possible venting  pressure, the  ven t on
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the  extreme r ig h t of fig u re  9 was de
veloped, which has an opening p res
sure of 0 .5  psi, much lower than the  
previous designs shown.

LOCKING PLATE

A ra th er mundane piece of hardw are  
is the locking plate whose prim ary  p u r
pose is to prevent loosening of the cap 
screws which could allow the  bearing  
to loosen and m alfunction. How ever, a

SEAL LIFE Vs. PRESSURE
BASED ON  LIFE EOUATION T = FROM

ASLE FARE* 70A M  SC-1 
"THE WORKING LIFE OF A  SEAL"

PRESENTED BY: R. V. BRINK

FIGURE 8. SEAL LIFE VERSUS  
PRESSURE

VENT FITTINGS

OBSOLETE
195 7

OBSOLETE A DO PTED

1 96 2  1 96 2

NEW

19 7 2

FIGURE 9. VENT F ITT IN G S

lot of thought and experim entation has 
gone into the new standard lanced tab  
design on the le ft in fig u re  10, which 
replaces the  old design. The new de

sign features heavier m aterial, 
stronger construction, closer hole f i t  
on the cap screws and most impor
ta n tly , a revised locking tab orien ta
tion . The tabs on the new plate can 
be bent up against the cap screw head 
at random, w ith assurance th a t a t least 
one tab is in the  locking a ttitu d e . On 
the o ther hand, th e  old device did not 
provide th is  fea tu re  since both tabs 
could be bent against the cap screw  
head corners and provide no locking 
w hatsoever. T h e  new plate substan
tia lly  eliminates the  p robab ility  of 
human e rro r  to do the job r ig h t.

FIGURE 10. CAP SCREW LOCKING  
PLATE DESIGNS

CONCLUSION

Some of the  research achievements 
have already resulted in steady im
provement in standard bearing product 
w ithout any s ign ificant increases in 
prices a ttrib u tab le  to the improvement. 
Others have resulted in the develop
ment of an extended performance 
bearing at additional cost. Still f u r 
th e r improvements in bearing p e rfo r
mance are possible, bu t the demand 
fo r such premium performance in a 
volume a ttrac tive  fo r production pro
bably does not ex is t a t th is tim e. Of 
course the constraints of standardiza
tion and interchange of fre ig h t cars in 
railroad service also m itigate against 
the h igher costs involved.

REFERENCES

1. D anner, C . H . ,  "F atig u e . Life of 
Tapered Roller Bearings Under 
Minimal Lubricant Films", ASLE 
Transactions, Volume 13, 1970.

268



2. Leiser, J. E . ,  and West, C . H . ,  "A
V ib ra tin g  Rig T e s t fo r Railway 
Bearing G reases", Lubrication /
E nqineerinq , September 1968, pp . ,7
399-408.

3. C an tley , R ichard E .,  "The Effect of 
Water in Lubricating  Oil on Bearing  
Fatigue L ife " , ASLE 76 -A M -7 B -1 .

4. B r in k , R. V . ,  "The  Working Life of 
a Seal", ASLE 70 AM 5C-1.

269



REALISM IN RESEARCH FOR RAILROADS
BY

R .H . BEETLE

Railroad fre ig h t operations d iffe r  
from other modes of tra n s p o rt. Re
search developments must be compa-- 
t ib le  w ith tra in s  having coupled cars  
of d iffe rin g  characteristics operating  
w ith in  the fixed  param eters of ex is ting  
tra c k  s tru c tu res . There  is an o v e r
abundance of ideas fo r research and 
development on tra c k  an d /o r car com
ponents. Screening these ideas 
through railroad constraints is realis tic  
even though viewed as unim aginative  
by some.

The  concerns of early  ra ilroad ing  
still challenge today's research to fin d  
pioneering breakthroughs. Realism in 
today's research requires handling of 
many new ideas under changing condir 
tions regard ing  environmental aspects, 
ava ilab ility  of m aterials, energy conser
vation , and economic factors .

Research and development in tra c k -  
w ork, wheels, and fric tio n  b rak in g  
requires realism in specifications and 
product performance with proper labor
a to ry  and fie ld  tes tin g . In .'addition, 
the requirem ent fo r complete system  
analysis is v ital to railroad progress.

Joining of the rail lines into a 
transcontinental system back in 1869, 
was an achievement brought about by  
cooperation of the pioneer railroads and 
the Governm ent. Today's comparable 
achievement is the  jo in ing of- the  r e 
sources of not only the United States  
Governm ent, b u t the Canadian G overn
m ent, the A A R , R P I, and th e  many 
o thers , into the T T D  and FAST p ro 
gram s. Use of T T D  and expansion of 
th e  FAST trackage to perm it a w ider  
range of tests on longer tangent t ra c k ,  
certa in ly  a re forw ard and lo g ica ls tep s  
to benefit the railroad , in d u s try  as soon 
as possible. . ,

FIGURE 1. ; EARLY RAILROAD
C O N STRUC TIO N

IN TR O D U C TIO N

It  was here in the  West, th a t con
struction and joining of the  rail lines 
into a Transcontinental system was ac
complished .th rough the  cooperative  
effo rts  of the Governm ent and the  ra il
road in d u s try  (f ig u re  1 ) .  Today, 
again in the West, near Pueblo, C olo ., 
the  Governments of the  United States 
and Canada, along With th e  railroad  
in d u s try  and the  railroad suppliers , 
have joined together in a common 
e ffo rt.

This new and progressive e ffo rt has 
culminated in a superior fa c ility  fo r  
researching railroad equipm ent and 
tra c k  s tru c tu res . I t  is appropriate ly  
designated the Facility  fo r Accelerated  
Service T estin g , or FAST tra c k .

. I t  is expected th a t "realism in re 
search" fo r ra ilroad operations .and  
equipment will resu lt in improvements 
accelerated by practical testing  methods 
a t th is excellent f a c i l i t y /  Maintaining  
Realism" in research , while evaluating  

the  increasing number, of ideas, will 
continue to be a challenge.

Some of our company products  
labeled in fig u re  2 , will be used as e x :  
amptes in th is discussion concerning

Robert H. Beetle has been the’Vice President of Abes Corporations' Railroad Products Group since 1967. He is 
a NROTC graduate from Renssalaer Polytechnic Institute with a BS in metallurgical Engineering, and gained his 
MS in Metallurgy while on the staff of Pennsylvania State University.
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research.

FIGURE 2. MAJOR ABEX RAILROAD  
PRODUCTS

RESEARCH CO NSIDERATIO NS

Automatic C ar Identification  (A C I)  was 
launched. Th is  new system used 
microwave scanners to produce a data- 
gathering netw ork to maintain location 
and identification of all interchange  
railroad cars and equipm ent. Although  
it  was possible techn ica lly , it  did not 
prove to be a commercial success fo r  
our company.

O ther aerospace technology p ro 
vided advanced knowledge in elec
tronics and h yd rau lics , which was suc
cessfully applied to improve tra n s it  
b rak in g , automatic classification yard s , 
and other systems. U n fo rtu n a te ly , the  
learning curves fo r  these new applica
tions have indeed been too long.

The  Flood of Ideas MOUNTAIN OF M ATER IA L SCIENCE

The flood of ideas, coming to re 
search, can be compared w ith the flood 
of w ater from the mountains which was 
of g re a t concern during  pioneer ra il
road construction and operations 
(f ig u re  3 ) .  Today, the  railroad indus
t r y  not only must deal w ith mountain 
flood w aters , but also with the e v e r-  
increasing "flood" of new ideas.

To fu r th e r  demonstrate th is  po int, the  
illustra tion  shows a typ ica l mountain 
area , labeled with mountain peaks cor
responding to idea sources. Some of 
the  following examples relate to th e  
research involved with our company 
products:

AEROSPACE SUMMIT

From the  aerospace summit, re 
search to develop a new system of

From the mountain o f material 
science, we found many m etallurgical 
developments w orthw hile fo r railroad  
application. Prime examples are the  
increasing uses of manganese steel fo r  
wear parts on fre ig h t cars as well as 
trackw o rk . The  use of manganese steel 
fo r center plates and coupler wear 
plates resulted in a t least a fiv e -fo ld  
wear life gain over previous m aterials.

O ur introduction of fre ig h t car 
ro ller bearing adapters in ductile iro n , 
with selective h a rd en in g , has resulted  
in at least a th re e -fo ld  gain over p re 
vious m aterials.

O ur company m anufactures ; castings 
fo r v ital parts of nuclear submarines!. 
We have applied th is  same m etallurgical 
technology to cast steel wheels fo r  
diesel-e lectric  locomotives. The m ater
ial wps a high yield  0.20% carbon 
alloy. Wear results  th roughout the  
life of these m ultiple wear wheels in d i
cated th a t ,th e  wear benefits became 
significant only a fte r  th e  wheels were 
machined to the  last wear surface , as 
shown in fig u re  4 , along with a co r
responding "wear advantage" percent.

PERCENT WEAR ADVANTAG E FOR 
ALLOY WHEELS VS CLASS B 

WHEELS

BP TO 1st TURNING 4.5% ADVANTAGE
BETWEEN 1st AND 2nd TURNING 7.0% ADVANTAGE
2nd TURNING TO CONDEMNING 22.8% ADVANTAGE

FIGURE 4.
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These m ultiple wear wheels did in 
crease life , how ever, these benefits  
were not su ffic ien t to ju s tify  the  high  
cost of the alloy involved.

PEAK OF RAILROAD TECHNOLOGY

The greatest number of ideas o rig in 
ate from railroad technology itse lf. 
These ideas are e ve r-p re s e n t to a 
vary in g  degree w ithin all of our p ro 
ducts. For example, specialized tra c k -  
work designs to im prove railroad s tru c 
tu res  and service life , are p a rticu la rly  
dependent upon evaluation through  
many years of s e rv ic e .. In th is  re 
spect, the FAST tra c k  is o f special ad
vantage, since realistic  evaluation can 
be accomplished at an accelerated  
testing rate .

OVERSEAS TECHNOLOGY HEIG HTS

Technology from overseas has been 
developing a g rea te r in te res t in the  
United States. However, much of the  
overseas-developed railroad equipm ent 
requires considerable modification to 
meet demands of American railroad ser
v ice . We acquired the  p a ten t rights  
fo r a high phosphorus alloy developed 
overseas fo r making b rake shoes. 
Subsequently, through our technplogy  
of brake shoe s tru c tu re , - we success
fu lly  adapted the new alloy fo r  Am eri
can railroad service. Th is  new metal 
brake shoe, which we call “SAMSON", 
has revolutionized the opportunities fo r  
application of metallic brake shoes in 
the  most modern and demanding ra il
road braking services.

j FIGURE 5. FOG OBSCURING THE  
COURSE OF PROGRESS

\

The  Fog O ver Environmental ^Protection 
Needs

As we move forw ard  in research , 
we encounter a "fog", obscuring e n v ir 
onmental protection needs (f ig u re  5 ) .

What is historical and p roper today  
m ay, w ith fu tu re  knowledge, raise en
vironm ental concerns. Even when 
th e re  is no actual evidence of potential 
hazard , environmental concerns may 
have costly consequences. Research 
fo r  new products should avoid m ater
ials and operations where fu tu re  in d i
cations could raise environm ental con
cerns. For example, th is  is w hy our 
research has been focused on mixes 
fo r  ra ilroad composition b rake shoes, 
ingred ients  which are not of concern  
from the  environm ental protection as,- 
pect. O ur new "TIG ER " composition 
brake shoes, having no lead or asbes
tos , resulted from dedicated research  
fo r an improved product w ithout m ater
ia ls , which in o ther applications, 
raised questions on the environm ental 
aspects.

Shortages of Material and E n erg y . ;

As pioneer railroads in d esert areas 
faced a shortage o f wood fo r fuel and 
crossties, today's railroad research  
must also be concerned with both ma
te ria l and energy needs (f ig u re  6 ) .

Railroad wheels are e ith e r forged  
and ro lled , o r cast to shape. Even 
with an e ffic ie n t fo rg ing  and ro lling  
steel wheel p lan t, it  appears a t least 
60% more therm al energy is requ ired  to 
produce- a ton of h eat-trea ted  wheels 
startin g  from cold scrap, than fo r  a 
sim ilar tonnage of cast steel wheels. 1

FIGURE 6. SHORTAGE OF FUEL 
AND T IE S  IN THE EARLY WEST
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Uncertainties in the supply  and cost 
of petrochemical and imported natural 
resins are examples of the problems 
invo lv ing  research development of com
position brake shoes. T h e re fo re , re 
search must be realistic  and adopt a 
continuing program to fin d  a ltern a 
tiv e s . P re fe rab ly , domestic materials 
Should be developed which can provide  
needed performance w ith economy. It  
seems d iffic u lt enough to  Select ma
teria ls ' based on cost and a va ilab ility , 
w ithout additional concerns fo r  choos
ing natural materials in contrast to 
synthetic  ones.

Biologist B a rry  Commoner in "Time 
Incorporated , Energy Conference -  
7 7" ,2  states in p art: "For example, the  
petrochemical in d u s try  produces goods 
th a t replace natura l products and often  
have only marginal social benefits . 
Plastic fo r h eart valves is a socially 
valuable product; plastic swizzle sticks  
are questionable." Use o f plastics in 
railroad composition b rake shoes, while 
not as critica l as h eart va lves , and 
even though consumable, does provide  
a high degree of perform ance.

Economic Considerations

Modern railroad operations have 
d iffe re n t types of holdups than those 
o f pioneer ra ilroads. Losses can occur 
in many ways. One outstanding, area 
is lading damage. Research to  build  
b e tte r rid ing  cars and improve the  
handling o f fre ig h t tra in s , is in p ro 
gress today.

A recent ASME paper b y  P a u lG a rin  
and Klaus Cappel, presented the  fac 
to rs  gin lateral s tab ility  o f fre ig h t  
cars.- I t  involved extensive fie ld  in 
vestigation into th e  effects o f ra il-  
wheel geometry and its relationship to

undesired fre ig h t car tru c k  hu n tin g .
One of the  s ign ificant conclusions of 

th is  dynamic s tu d y , was that, the  brake  
shoe type  and size can a ffec t the  wheel 
tread  p ro file , to the  ex ten t th a t sta
b ility  can be a lte re d . Similar cars de
signed fo r automobile tra n s p o rt, w ith  
comparable mileages, were operated at 
various tra c k  speeds. When one of 
the .two cars exh ib ited  a superior ride  
at elevated speeds, the  cars were care
fu lly  examined. The  examination in d i
cated only one s ign ificant d ifference in 
the  car equipnrient--the car w ith the  
stable ride was designed fo r ,  and 
fitted  w ith cast iron brake shoes. The  
other car was fitte d  w ith composition 
brake shoes.

The car with cast iron brake shoes 
exhibited a more stable ride than the  
car with composition brake shoes be
cause its wheel treads developed a 
more favorable contour.

Work is continuing in th is  im portant 
area of research to improve the rid ing  
of cars. The application of systems 
research may be e ffec tive  in th is  s ign i
fican t problem area.

I t  is expected w ith expanded tra c k  
fac ilities , the  FAST tra c k  operation, 
and. the T ra c k  T ra in  Dynamics Pro
g r a m 's  well as the  continued T ru c k  
Design Optim ization Project, Phase II 
(T D O P ), could expedite th is  research  
and fu r th e r  explore the relationship of 
brake shoe types and sizes, and the  
effects on wheel tread  geometry in 
service.

Economics suggest the life of a 
brake shoe, should not be increased at 
the expense of the  w heel, nor the  life  
of the  wheel a t the  expense of special 
trackw o rk . O ur research fo r new 
special trackw o rk  designs is based on 
the  economics o f extending service  
life , while reducing maintenance costs 
and provid ing- b e tte r perform ance.

Special tra c k w o rk , like turnouts  
and crossings, must be designed to  
both guide and. c a rry  the wheels with  
minimum impact. Such special tra c k -  
work m ust-recognize the  changing re la 
tionship; between the  trackw o rk  and 
wheels from new contours to the  w orn- 
o u t-co n d itio n . A ccord ing ly , such re 
search requires a complex study o f in 
teracting  p a rts , whose changing nature

■\ \
■■ ' \  '
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FIGURE 8. IMPROVED TRACK  
STRUCTURES

favors realistic in -s e rv ic e  tes tin g .
Fortunate ly , new concepts to reduce  

trackw ork  maintenance and impact are  
being evaluated as p a rt of the  FAST 
program . These include longer guard  
rails to improve track in g  of trucks  
through frogs , long approach flares to 
reduce impact from cocked tru c k s , high 
guard rails which engage the f la t  back 
of the wheel flange ra th e r than its  
flange radius to ensure proper location 
of each wheelset going through special 
trackw ork  (f ig u re  8 ) .  The longer arms 
of the frogs of these tu rn o u ts , being 
rig id ly  joined to the  rail by  e ith e r fie ld  
welding or epoxy-bonded jo in ts , re 
q u ire  less maintenance than normal bolt 
jo in ts , and fu rth e r  perpetuates the  na
tu ra l sine wave progressing in advance 
of the wheelset as the car trave ls  down 
the  tra c k . Perpetuation of th e  natural 
sine wave provides a much smoother 
ride through the tu rn o u t and dampens 
forces encountered by various track  
components. I t  is d iffic u lt to prove  
the benefits of mating the  wheel and 
special trackw ork  under laboratory  
conditions. As a consequence, the  
testing on the FAST tra c k  realis tica lly  
evaluates the benefits and economics 
re levant to both the trackw o rk  and the  
car.

PERFORMANCE

Specifications

Product specifications and applica
tions must not lead our research to a 
"mirage" as we must continually  focus 
on the real-w orld of railroad service  
(f ig u re  9 ) .  Norm ally, a brake shoe is 
not viewed in its fundamental role as a 
converter of mechanical energy to th e r -

c f f j '

FIGURE 9 . LEADING RAILROAD  
RESEARCH INTO  MIRAGES

mal en erg y . When a brake shoe is re 
quired to dissipate excessive thermal 
energy because it  has been misused, 
we can expect various problems as a 
consequence. Th is  becomes increas
ing ly  im portant as we research the  
stress levels induced into wheels a t 
various levelis of braking-developed  
energy .

For example, when wheels are  
braked w ith metal shoes the  resu ltan t 
wheel stresses are s ign ificantly  less 
than w ith composition shoes, under the  
same level of braking  energy . The  
re la tive ly  low thermal absorption of the  
composition brake shoe compared with  
the metal brake  shoe accounts fo r the  
biggest d iffe rence . When normal 
braking  levels are exceeded, th is d if 
ference in wheel stress levels, becomes 
appreciable, and favors renewed in te r 
est in m etallic -type brake shoes.

For the  past fo u r years , railroads  
in Western Europe and Russia have 
been testing  high phosphorus alloy  
metal brake shoes with Abex SAMSON 
stru c tu res . European tes t results  
show th ree  to five  times the  life and 
other perform ance benefits in fre ig h t  
service. Both in Europe and Russia, 
the perform ance gains in the  h eavy- 
d u ty  high speed passenger and locomo
tive  operations have gained even more 
notice. In various applications, the  
braking  mechanism must be properly  
designed to match the characteristics  
of the brake shoe fric tion  m aterial. 
We m anufacture both composition and 
metal b rake  shoes, and believe each 
type  has advantages. Through re 
search and product development, we 
are continually try in g  to improve both
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types of brake shoes. T ra c k  T ra in  
Dynamics and an expanded FAST track  
could defin ite ly  accelerate evaluation of 
research e ffo rts  resu lting  in mutual 
benefits through b e tte r products.

TlW tM M  ce*H|H(l«r d utram  ihow m t. in mm. «*« m n n p o tid ii^  m « l 
defam ation m •  *oJKt •heel •n h  Vcw rvta rti«c I  he change m

d ia |n m  shoving. ia  mm. the considerable aaial d tferm aiim  
eft a boM  •heel • ith  uratfM  diac upon heeling up o f the n tn .

FIGURE 10. SWEDISH WHEEL DESIGNS

A study was conducted in Sweden 
on the phenomenom of wheel movement 
resulting  from brake shoe heating4  
(f ig u re  10 ). This movement is not a 
m irage, and has been observed fo r  
many years . I t  was studied by Pro
fessor H . R. Wetenkamp in 1973.5

Despite th is  movement of wheels 
under certain conditions, th ere  is a 
lack o f information showing th a t any 
problems are generated . However, 
concern over th is  small movement has 
brought modifications to the  European 
wheel designs as illu s tra ted  by the  
Swedish s tudy . Thus fa r ,  th e re  has 
riot been suffic ien t concern in the  
United States to experim ent with the  
g re a tly  changed "S -cu rved " design 
because of o ther potential d isadvan
tages.

Laboratory Testing

Tw enty  years a fte r  the  historic  
jo in ing of pioneer ra ilroads , the f irs t  
b rake shoe testing machine was put in 
service (f ig u re  1 1 ). T h is  more scien
tif ic  method of testing  brake shoes 
started  in 1889 with the f ir s t  known 
brake  shoe testing machine designed 
by F. W. S argent, Engineer of Tests

FIGURE 11. THE FIR ST BRAKE  
SHOE T E S T IN G  MACHINE

fo r the Chicago, Burlington and 
Quincy R ailroad, and used by the  
Master C ar B uilders Committee in con
ducting brake shoe tes ts . I t  was a 
small machine th a t tested m iniature  
brake shoes 4" long and 1" wide on an 
1 1 V  diameter chilled iron wheel. From 
th is humble beg inn ing , the scientific  
testing of b rake shoes developed. M r. 
Sargent was la ter C hief Engineer of 
our company and instrum ental in the  
implementation of dynamometers th a t  
led to our newest installation shown in 
fig u re  12.

This dynamometer is located a t our 
Engineering T est C enter in Mahwah,
N .J . I t  can simulate wheel inertia  
loads and brake shoe forces fo r pas
senger and fre ig h t cars , in addition to 
tra n s it and locomotive equipm ent. It  
is anticipated th a t the  re a l-life  results  
developed from an expanded FAST  
track  or T ra in  T ra ck  Dynamics Pro
gram will b rin g  about rjiew and im
proved AAR and other specifications. 
A dditionally , we expect improved labor
atory testing  guidelines, which may 
possibly be b e tte r correlated with  
actual service conditions.

Field Evaluation

Lacking modern instrum entation, the  
pioneer railroads had d iffic u lty  in mea
suring and recording data from field  
tests . Today, we use equipment such 
as shown in fig u re  13.
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FIGURE 12. THE NEW ABEX  
DYNAMOMETER

FIGURE 13. FIELD TE S T  
INSTRUM ENTA TIO N

This  automatic equipment is used to 
control braking  and develop data d u r 
ing single car breakaway tes ts , on 
loaded 70-ton and 100-ton cars with  
high fric tio n  composition b rake shoes, 
as well as AAR Standard high phos
phorus metal brake shoes. Results in 
dicated th a t a lowering of braking  
ratios on new cars using AAR Stan
dard high phosphorus metal brake  
shoes. Results indicated th a t a low er
ing of braking  ratios on new cars using 
AAR Standard high phosphorus brake  
shoes would allow composition brake  
shoes in mixed consist tra in s  to p e r
form eqdjal w ork. As is sometimes 
found , fie ld  evaluation results  may 
v a ry  from laboratory dynamometer re 
sults whidh, in the case of fr ic tio n  ma
te ria ls , form the basis fo r  c u rren t 
specifications. Based on L. PI 
Kennedy's \recen t paper, fie ld  evalu

ations indicate th a t a 70-ton car is 
more subject to overbrak in g  than a. 
100-ton car when in a mixed consist.6 ,

Systems Analysis

The resources fo r systems analysis 
are symbolized here in fig u re  14.

ft-Aft
i

. I7 ItonW

FIGURE 14. FAST AND TRACK  
T R A IN  DYNAMICS

U nlike most modes of surface tra n s 
porta tion , railroads in pioneer days 
and today have used tra in s  ra th e r than  
single vehicles. T ra in s  can include  
both loaded and empty cars of various  
types and characteris tics . Economic 
benefits o f tra in  operation are obvious, 
b u t the  complexities fo r increased sys
tems analysis, may not be so c lear. 
Despite all the  variations possible in 
such tra in  consists, the  specialized  
trackw o rk  must p ro p erly  guide and 
c arry  all typ es .

This is another reason why FAST  
with expanded trackage and T ra ck  
T ra in  Dynamics are so v ita l to railroad  
progress today . Th ey  are needed , to 
determ ine data on the  performance and 
interaction of all components and sys
tems in mixed consist operation 1 of 
tra in s  under vary in g  conditions.

CONCLUSION

Joining of the  rail lines into a 
transcontinental system in 1869 was an 
achievement b rought about by cooper-/ 
ation of th e  pioneer railroads and the  
Government (f ig u re  1 5 ). Today's com
parable achievement is the joining of 
the  resources of not only the  United  
States G overnm ent, bu t the Canadian 
Governm ent, the  AAR,  RPI,  and many 
others , into th e  T T D  and FAST Pro-

\
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grams. The combination of these re 
sources sets the stage fo r even g reater  
railroading achievements th rough  real
ism in research fo r  ra ilroad products. 
This realism must consider environ
m ent, m aterials, e n erg y , economics/ as 
well as perform ance. Products must 
be properly  evaluated and tested both 
in the laboratory and th e  fie ld .

FIGURE 15. TH E  COMPLETION OF 
THE TR A N SC O N TIN EN TA L  

RAILROAD A T PROMONTORY POINT

In the year following completion of 
the  transcontinental ra ilroad system, 
all the railroads together carried  only
72.5  million net tons on 53,000 miles of 
tra c k , compared w ith today's FAST 
tra c k  accomplishment o fv 100 million 
gross tons on 4 .8  miles of tra c k  in less, 
than its f ir s t  year o f operations* 

Expansion of the  FAST trackage to 
perm it a w ider range of tests on longer 
tangent tra c k  is certa in ly  one forw ard  
and logical step to ensure th a t realism  
in railroad research results  in benefits  
to the  railroad in d u s try  as soon as 
possible.:
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INSTRUM ENTED WHEEL SET SYSTEMS  
FOR PRODUCT PERFORMANCE ANA LYSIS

By

H .G . T en n ika it

IN TR O D U C TIO N

r T h ere  has been, in recent years , 
an increased and dedicated e ffo r t by  
in d u s try , governm ent and academic 
groups to more fu lly  understand the  
dynamics of a railroad fre ig h t car. 
Evaluating the forces and motions im
posed on the fre ig h t car d u rin g  "real 
world" operating conditions has re 
quired the application of procedures, 
techniques, and hardware th a t w ere, 
in the  not too d istant past, fo re ign  to 
our in d u s try . Not only has o ff - th e -  
shelf hardw are been brought into w ider 
use, special equipment has been de
signed, constructed, and employed to 
develop specific operating param eters.

O f prime importance in any tru c k  
study are the forces at the w h eel/ra il 
in terface . The problem of converting  
a rotating wheel and axle set to a force  
measuring transducer is d iffic u lt. 
Even more d iffic u lt is the transmission  
of the re la tive ly  low level signals to 
the recording equipment.

Several types of systems are now 
being used, however, an approach  
presented to the in d u stry  by Messrs. 
L. A . Peterson, W. H. Freem an, and
J.. M. Wondrisco in ASME Paper 71 W A/ 
R T4, seemed the most practical fo r  
ASF's use. T h e ir approach entailed  
the  application of the combined mea
sured bending moments in th e  axle , 
and the measured vertica l journal 
forces to the equations developed from  
fre e  body diagrams of the w heel/ax le  
set. ASF used the same basic force  
diagram and the resulting equations. 
However, the methods of sensing the  
vertica l journal forces and the bending  
moments in the axle are d iffe re n t.

The  following covers the  ASF sys
tem develbpment and application.

BASIC CONCEPT

The basic concept upon which the  
ASF system was designed is d irec tly  
related to a sim plified fre e  body force  
diagram of a wheel and axle set (as 
applied to a conventional fre ig h t car 
tru c k ) and the  resulting  equilibrium  
equations fo r the  system. F igure I 
shows the fre e  body diagrams of the  
applied forces.

FIGURE 1.

Equations expressing th e  bending mo
ments in th e  axle at ML and MR are  
determined from the  diagram as follows:

ML = LLc + BL (a + d )  -  VLd 
MR = LLc+BL(a + ( f  -  e ) ) -V L  ( f  -  e )  

and
MR = LRc + BR (b  + e ) -  VRe 
ML = LRc+BR(b + ( f  -  d ) ) -V R  ( f  -  d ) 

Where:
ML=Ax(e bending moment -  Left Side 
MR=Axle bending moment -  R ight Side 
BL=Journal bearing load -  Left Side 
BR=Journal bearing load -  R ight Side 
LL=Lateral W heel/ra il force -  Left Side 
LR=Lateral w heel/ra il fo rc e -R ig h t Side

H. Garth Tennikait was graduated -from the University of Missouri - Rolla, in 1950 .with a Bachelor of 
Science - Mechanical Engineering. He is Manager - Test Engineering at the American Steel Foundries Granite 
City, 111. ,
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VL^Vertical w h ee l/ra il force -  Left Side 
VR =Vertical w h ee l/ra il fo rc e -R ig h t Side 
a b c d e and f  are  physical dimensions

When the  above moment equations 
are solved sim ultaneously, expressions 
fo r Calculating the  values of the  v e r 
tical and latera l wheel-/rail forces are  
obtained, as a function o f the  axle  
bending nments and the  journal loads.

VL = ML -  MR + BL 
. '  ' f  -  d -  e

VR = MR -  ML ■+ BR 
f  -  d -  e

Ll_= ML -  MR (  f  -  e ) + M R-BL ( a )
f  -  d -  e C c ~ 5 c (  c )

LR= MR -  ML ( f  -  d )+  ML -  BR ( b )
f - d -e  ( c > c ( c )

And LN = LR -  LL

Physical dimensions are nominal and 
although it  is recognized th a t they  are  
not constant in the  dynamic application, 
the variations are  small and not con
s id ered , because of, the  added com
p lex ity  to th e  system .

TH E GENERAL. SYSTEM

The complete ASF system fo r  one 
axle set o f w h ee l/ra il force measuring 
instrum entation is shown in the  Block 
Diagram , fig u re  2 .

FIGURE 2

Associated w ith  the  tes t tru c k  are  
two stra in  gaged and instrum ented  
wheel and axle  sets complete w ith elec

tron ics , position encoders and slip 
rin g s . In add ition , both side frames 
of the instrum ented tru c k  are  fu n c 
tioning load cells designed to sense 
vertica l forces a t each jo u rn a l. The  
main power supply fo r  the tru c k  moun
ted , equipment is attached to the  tes t 
car.

'T h e  tes t tru c k  instrum entation is 
cabled into the Instrum ent C ar which 
contains all o f the  signal conditioning  
and controls fo r  the  system. An FM 
magnetic tape reco rd er is used fo r a 
perm anent record o f the p rim ary  data  
and a dedicated analog computer is 
used to fu rn ish  "real-tim e" vertica l and 
lateral w h eel/ra il force computations.

To b e tte r understand how th e  sys
tem functions, each of th e  above, major 
sub-assemblies will be discussed in 
d e ta il.

THE AXLE ASSEMBLY

One complete instrum ented axle set 
1 is shown irt fig u re  3.

FIGURE 3.

The axle assembly must provide  
measurements of the axle bending mom
ents ML and MR necessary fo r  th e  
basic vertica l and lateral w heel/ra il 
force equations.

The axle is transform ed into a 
bending moment tran sd u cer b y  the  
application of s tra in  gages. Sixteen  
strain  gage bridges; are applied on the  
axl« , e ight located approxim ately fiv e  
inches inboard o f each wheel and 
equally spaced about the  circum ference  
of the  ax le . Associated w ith each 
group of e ig h t bridges is a regulated  
bridge power supply package and a 
m ultip lexer-am plifier package. These  
are the metal boxes strapped to the  
axle near each wheel. A t one end of 
the axle is a slip ring  assembly to con
nect the ro tating  electronics to the
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balance of the  system. A t the .bther 
end is an axle position encoder which 
provides the  address fo r the m ulti
p lexer.

As the axle rotates during  use, 
each pair of diam etrically opposite 
strain gage bridges provides the bend
ing moment sensing element when they  
rotate w ithin the arc + 22-1/2° of the  
vertical plane through the axle. The  
position encoder senses this angular 
position and addresses the  m ultip lexer 
which in tu rn  switches the two pairs  
of bridges into the electrical measuring 
c ircu it and the am plifier. The ampli
f ie r  ou tpu t, in tu rn , is routed through  
the slip rings to the signal condition
ing located in the instrum ent car.

The strain  gages and the electronics  
on each , end of the axle function inde
pendently of one another.

THE AXLE MAIN POWER SUPPLY

The axle main power supply is nor
mally attached to the tes t car in a lo
cation readily  accessible to the in s tru 
mented tru c k , and to the in te rcar con
nections leading to the instrum ent car. 
This u n it, shown in fig u re  4 , provides  
the unregulated power fo r two in s tru 
mented axles and serves as a junction  
point fo r the interconnection cables 
from the various components of the  
system.

THE SIGNAL C O N D IT IO N IN G  AND  
CONTROL ELECTRONICS

The axle signal conditioning and 
control electronics are mounted in the

equipm ent racks in the Instrum ent 
C ar. Figure 5 shows the  general 
arrangem ent of the axle signal con
d itio n in g , the analog com puter, and 
th e  side frame load cell signal con
d ition ing .

FIGURE 5.

The  top u n it in the  rack is the  axle  
signal conditioning component. The  
single card rack contains the  complete 
electronics fo r two instrum ented axles. 
This u n it provides the means by which 
each of the individual s tra in  gage 
bridges on the axle may be remotely 
balanced fo r zero mechanical in p u t. 
B ridge outpu t caused by the  static  
w eight of the car can also be "zeroed" 
by a control on th is  module.

Norm ally, bridge balancing and car 
w eight offset adjustments are made 
when the car is moving at 10 to 20 mph 
on s tra ig h t level tra c k . Th is  proce
dure  reduces the e rro r  due to locked 
in forces in the  wheel and axle assern-  
bly  resulting from static  w heel/ra il 
contact.

\
\

\
\ \
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O th er, controls perm it an electrical 
compensation fo r small angular e rro rs  
in the axle position encoder address 
supplied to the  m ultip lexers. „ These  
erro rs  are norm ally the  resu lt of me
chanical misalignment as the  encoder is 
attached to the  axle via a tu b u la r f le x 
ible coupling . T h u s , almost all ob
served irreg u la rities  may be corrected  
w ithout stopping 'the tra in  fo r mech
anical adjustm ents.

T h e  signal conditioning module con
tains the  calib rating  means fo r the  
system and th e  necessary amplification  
and scaling of the  outpu t signal. O u t
pu t from the signal conditioning module 
is a t I.O V  F .S . and is available fo r FM 
tape reco rd in g , analog computations, 
oscillograph m onitoring, etc. Each of 
the  two groups of stra in  gages on the  
axle has its own independent set of 
controls. Included as p a rt of the axle  
signal conditioning component is a mon
ito ring  , module which provides test 
points fo r the  quick access to e le c tri
cal c ircu its  fo r system set-u p  and 
!'real-tim e" m onitoring.

The  center piece of equipment 
shown in fig u re  5 is the  analog com
p u te r b u ilt by  ASF to provide rea l
time computations of the  vertica l and 
lateral w hee l/ra il forces. The prim ary  
purpose of th is  u n it is to provide data 
fo r th e  T e s t Engineers, to ensure tes t 
safety and procedure contro l. The  
outpu t from the  computer may be re 
corded on tape or displayed on an 
oscillograph or sim ilar device.

T h ere  are no external controls on 
the com puter. The module to the left 
of the  computer board contains the  
necessary controls to set up the c ir 
cu it constants fo r a p a rticu la r axle - 
the  physical measured dimensions of 
the  axle determ ine the values. Mod
ules are . set up in the laboratory fo r  
each axle assembly at the time the axle  
is ca lib ra ted . In the  event th a t axles 
are changed, fo u r p lu g -in  resistor 
boards w ithin the modules are also 
changed to re flec t the  new constants.

The  lower piece of equipment in the  
photograph is the  fo u r channel signal 
conditioning u n it fo r th e  side frame 
which has been stra in  gaged to pro
vide the  vertica l journal force measure
ments requ ired  by the  vertica l and la

tera l w heel/force equations. The  u n it 
was b u ilt by  ASF fo r  th is  and similar 
applications. I t  is basically a general 
purpose signal conditioning system fo r  
strain gage typ e  tran sd u cers . I t  has 
wide range bridge balancing capabil
ities , individual b ridge  exc ita tion , cal
ibrating  means, and galvanometer 
d riv e rs . The fo u r channel u n it is 
b u ilt around high q u a lity  Dana model 
3420-V2 d iffe ren tia l D .C . am plifiers.

Side fram e load cells (s tra in  gage 
bridges on th e  tension and compression 
members) are cabled d ire c tly  to th is  
signal conditioning u n it via in te rcar  
connections. O utpu t o f the am plifier 
is normally recorded o n . magnetic tape  
to be . used a t a la ter time when the  
la te ra l, and vertica l w h ee l/ra il forces  
are computed. O utpu t signal may also 
be routed to the  analog force computer 
fo r "real-tim e" computation.

It  should be noted th a t ASF re 
cords, , on magnetic tap e , only the p r i
mary data requ ired  by . th e  basic force  
equations of the system ( i . e . ,  the v e r 
tical forces a t the  fo u r journals and 
the axle bending moments a t the le ft 
and rig h t side o f each instrum ented  
axle assem bly).

C A LIB R A TIO N

The instrum ented axle assembly is 
calibrated in the laboratory  w ith all of 
its normal signal conditioning units in 
operation.

FIGURE 6.

The axle is set-u p  on jacks to p e r
mit the wheels to ro ta te . A load cell 
and hydraulic  jack assembly as shown 
in fig u re  6 is positioned between the  
wheels to e x e rt a force on the  inside  
rim . Distance from th e  center of the  
axle to the load application point is 
measured. O utpu t of each stra in  gage 
bridge on the axle is determ ined fo r  
the measured force and calculated
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bending moment applied. One calib ra 
tion value is selected fo r each group  
of fo u r paired stra in  gage bridges \ 
( i . e . ,  fo u r fo r the  le ft side ar^d fo u r  
fo r  the r ig h t s id e ). The  nominal fu ll 
scale calibration fo r a 36" diameter 
wheel is 40,000 foot-pounds or approx
imately 27,000# of force applied ja t the  
rim .

Physical dimensions, requ ired  fo r  
the general force equations of the sys
tem , are determ ined and the  "constant" 
values fo r the  analog computer are cal
culated.

FIGURE 7.

Side fram e load cells used to mea
sure the vertica l journal forces are cal
ibrated in a laboratory  universal static  
testing machine. The set-up  used by  
ASF is shown in fig u re  7. Machine 
load is applied to the  side frame  
through a normal spring g roup . A 
compression typ e  load cell is used to 
support one pedestal and to measure 
the  reaction force a t th a t location. 
From th is data the  actual load a t each 
pedestal can be determ ined.

A series of loads are applied and 
the  output of the stra in  gage bridges  
at each end of the  side fram e is mea
sured. From th is  data , fu ll scale cali
bration values are selected. Normally 
these values would be on the  o rd er of
40,000 pounds.

DATA OUTPUT

During tes t operation, the  prim ary

data channels are recorded on FM tape  
( i . e . ,  bending moments from the  ax le , 
and vertica l journal forces from  the  
side fra m e .) Th is  procedure requires  
e ig h t FM recorder channels, how ever, 
maximum fle x ib ility  is achieved when 
processing tapes on the  m ini-com puter. 
For instance, corrections may be ap
plied to individual param eters should it  
be necessary before final computation. 
The option is also available to use the  
dedicated analog computer to reduce  
th e  prim ary  data to w h ee l/ra il forces  
outside the m ini-com puter, th e reb y  
saving core fo r o ther purposes.

TYPICAL OUTPUT SIGNALS

FIGURE 8.

F igure 8 shows typical signals taken  
from oscillograph charts d uring  an ASF 
T e s t Series at T T C  at Pueblo, C o lo ., 
in 1974. Th is  ch art duplicate shows 
the  prim ary  parameters (ax le  bending  
and vertica l fo rce ) fo r one wheel along 
w ith th e  same parameters a fte r  compu
tation through the analog com puter. 
O n-board  observation of these w heel/ 
rail forces is one form of te s t contro l. 
The recording was made d uring  a high  
speed hunting tes t on a 100-ton tru c k .

Speed was in excess of 70 mph. 
Figure 8 is typical of the  o u tpu t at 
each of the  fo u r wheels of th e  tes t 
t ru c k . L /V  ratios are also w ith in  the  
capab ility  of the on-board com puter, 
how ever, in most stud ies, th e re  is 
more in te res t in actual forces than the
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ratio  of forces.

TE S T S ITE

ASF has used the  w h eel/ra il mea
suring system in tests conducted at 
the Transportation  T es t C enter at 
Pueblo. T h ree  separate tes t sections 
are used in developing the results d is 
cussed herein :

1. C urve  "A 11 -  Balloon T ra ck  -  300' 
spiral leading into a superelevated  
cu rve  o f 7°30‘ . Balance Speed - 32 
mph.

2. C u rve  "C" -  T ra in  Dynamics T ra c k  - 
300' spiral leading into a supereie- 
vated curve  of 4 °. Balance speed -  
47 m ph.

3. C u rve  "E" -  T ra in  Dynamics T ra ck  - 
0°50' cu rve . Balance Speed 100+ 
mph.

All curves were to the  r ig h t causing  
clockwise rotation of th e  tru c k  re la tive  
to th e  c ar. Balance speed was used 
on curves "A" and "C" to negate, as 
much as possible, the e ffect of o u t-o f-  
balance of the car body. These two 
curves were used to s tu d y  the e ffect 
of d iffe re n t curvatures  on wheel 
forces. C urve  "E" was used fo r tru c k  
hunting a t speeds up to 80 mph. 
Balance speed in "E" was unattainable, 
but te s t speeds were adequate to 
develop tru c k  hunting characteristics.

EXPLANATIO N OF GRAPHS

The ASF T est T ra in  System consists 
of several cars: ( I )  ASFX-1946 (Power
and Equipment S u p p o rt); (2 )  A S FX - 
1965 (Instrum entation  and Crew Sup
p o rt) ;  and (3 )  T est C ar of suitable  
capacity. Recorded speeds are taken  
from the  ASFX-1946 C ar equipped with  
nominal 33" diameter wheels. Prim ary  
source fo r  the  speed p ick -u p  is a mag
netic sensor w ith a 60 plus per wheel 
revolution o u tp u t. O u tpu t is pu t d ir 
ectly  on the magnetic tap e , making it  
possible to use any number of revo lu
tions o r portion of a revolution as data 
selection points.

Using the  ASFX 1946 C ar (pow er 
c a r) as a re ference, one data sample

was stored fo r  e v e ry  param eter, fo r  
every  wheel revolution into the  cu rve . 
A 1946 Car wheel was used fo r re fe r 
ence since these wheels were never 
changed, and th e  distance into the  
curve fo r a given sample point would 
be the same fo r e ve ry  tes t regardless  
of the tru c k  arrangem ent under the  
tes t car. As a re s u lt, a data sample 
was stored once fo r eve ry  8.689 fee t 
(circum ference of 1946 C ar wheel) along 
the  cu rve . Due to tolerances on the  
track  m arker p ick -u p  system and in 
the computer its e lf, a given point 
would be the same distance into the  
curve plus or minus approxim ately I-  
I /2 1 fo r any given te s t. Since the  c ir 
cumference of the standard in s tru 
mented wheels under th e  tes t car was 
9.31', a data sample was stored fo r  
every  .933 revolutions of the  tes t car 
wheel through the te s t cu rve .

All data contained herein are p lot
ted on graphs w ith a common abscissa, 
while individual wheel parameters were 
plotted on the o rd inate . The common 
axis is labeled "distance T rave led  Into  
T est Section (F e e t)11. Th is  label is 
self-exp lanatory  and is expanded fu r 
th e r on the  graphs to show th a t the  
f ir s t  300 fee t of te s t section represents  
the spiral going into th e  c u rve , and 
the second 300 fee t represents the  
steady state cu rve . Data processing  
began a t the point o f ta n g e n t/s p ira l.

Even though a typ ica l plot looks 
like a continuous smooth line, i t  actual
ly represents a series o f v e ry  short 
stra ig h t lines between data sample 
points. Each curve  contains 67 to 68 
data points representing  the  number of 
base car wheel revolutions through the  
curve .

In summary, each individual data 
curve plotted on the graphs represents  
67 or 68 d iscreet data points compris
ing some param eter magnitude oh the  
ordinate versus some p a rticu la r wheel 
revolution into the cu rve  (along the  
abscissa).

In curve "E" ( t ru c k  hunting sec
tio n ) the abscissa is again plotted as 
"Distance T rave led  into the  T es t Sec
tion". in th is  case th e re  are no tan*’ 
gent or spiral conditions to be con
sidered. Data points were stored and 
then plotted in a manner sim ilar to th a t 
described above. The only d ifference
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was the number of points stored per 
1946 Car (re fe ren ce  wheel) wheel revo
lution. in curves "A" and "C ", one 
point per wheel revolution was stored. 
In curve  "E", two points per wheel 
revolution were stored to ensure ade
quate resolution of the  tru c k  hunting  
frequency data curves.

As a resu lt, a data sample ( fo r  all 
channels) was stored once every  4.345  
fee t (1/2 the circum ference of the 1946 
C ar reference w heel); Th is  provided  
about 10 data points per cycle; of tru c k  
swivel a t 70 mph which was deemed 
adequate to define the  shape and mag
nitude of the curve', e ffec t o f c u rva 
tu re , and the  underbalance speed on 
tru c k  hunting ,

All graphs show the leading tru c k  
of the car with th e  wheels in the fo l
lowing posjtion re la tive  to the  cu rve .

1. L -4  wheel -  Leading Outside
2. R -4 wheel -  Leading Inside
3. L-3 wheel -  T ra ilin g  Outside
4. R -3 wheel -  T ra ilin g  Inside

The tru c k  Used in the  experim ents
was a standard 100-ton capacity, with 
15" centerplace and with double ro ller  
side bearings.

DATA

Discussion up to th is  point has des
cribed the system and generally  how it 
w orks. A ttention is now focused on 
the output: What does it  look like?
A nd, how can it  be used? Undoubted
ly , the number o f "best" ways to use 
the  data can be expected to be a lin 
ear function of the number of in d iv id 
uals involved in the analysis. N ever
theless, the following represents ASF's 
c u rren t form at fo r  examining w heel/ 
rail forces in serv ice .

Data presented here are samples of 
actual data taken from a study con
ducted in 1975 a t Pueblo. Displayed  
values are rea l, b u t not p a rticu la rly  
im portant to th is  presentation. The  
main objective o f th is  presentation is 
to show th a t a q u an tita tive  study can 
be based on the ASF w h eel/ra il force  
transducer system.

To provide some basis fo r compar
ison, a va rie ty  o f tes t conditions was

selected. Samples include lig h t end 
loaded car w h eel/ra il forces through  
two curves of d iffe re n t rad ii. All fo u r  
wheels o f the leading tru c k  under the  
tes t car are examined sim ultaneously. 
In addition to looking at lateral and 
vertica l w heel/ rail fo rces, another 
graph is presented which shows the  
ratio  between the  two ( L /V  ra tio ). 
F in a lly , a sample of lateral w h ee l/ra il 
force o u tpu t under tru c k  hunting con” 
ditions is presented. These samples 
are o f su ffic ien t d iv ers ity  to illu s tra te  
th a t the  ASF w heel/ra il force system is 
capable of detecting changes in force  
characteris tics , related to basic 
changes in the  tes t configuration .

FIGURE 9.

F igure 9 illustra tes  the simultaneous 
o u tp u t at fo u r wheel positions through  
th e  tes t section under loaded car condi
tions . C urves "A" and "C" are  super
imposed on th is  graph to show the  re l
a tive  affects of cu rva tu re  a t th e  d if fe r 
en t wheel positions. Both curves were  
traversed  a t th e ir  respective balance 
Speeds,

Previous discussion defined the L4 
wheel as the  leading outside wheel in
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th e . te s t mode. H is to rica lly , th is  wheel 
position has been shown to be the  most 
like ly  to wear under heavy cu rv in g  c ir 
cumstances. F igure 9 seems to point 
out . c learly  why th is  wheel would wear 
out f ir s t .  How ever, it  is also in te r 
esting . to note th a t in the  shallower 
cu rve  (c u rv e  "C ") the leading inside 
wheel (R 4 ) experienced th e  h igher la- 
te ra r w h ee l/ra il. forces .

. The tra ilin g  axle (R 3  and L3 
Wheels) doesn't appear to provide any 
p a rticu la r tren d  except th a t , perhaps  
spira ling  into a 7 -1 /2 ° cu rve  may re 
su lt jn h igher forces at th e  R3 position 
than sp ira ling  into a shallower 4° 
c u rve . The tra ilin g  a * le  o u tpu t helps 
illu s tra te  a point which perhaps should 
be expanded upon s lig h tly . The point 
is , data of th is  typ e  should be exa
mined in terms of tre n d s , as opposed 
to an exact quan tita tive  analysis. 
Many factors cap have a variab le  e ffect 
on the  data , not the  least of which is 
rolling fr ic tio n , fr ic tio n  a t the  tru c k  
bolster center p late, etc.

A  final note regard ing  fig u re  9 con
cerns th e  lateral forces in th e  spiral 
compared to those in the steady-sta te  
c u rve . The leading inside wheel ap
p a re n tly ' experiences a steady force  
buildup while passing th rough the  
spiral and then tends to maintain th a t 
force through the s tead y-s ta te  cu rve . 
The tra ilin g -a x le  wheels generally  
tended to experience some force b u ild 
up through the spiral and then drop  
o ff as the  car passed th rough the  
steady-s ta te  cu rve . The leading ou t
side wheel experienced a la rg e r b u ild 
up in the  sharper cu rve  than did any 
other wheel position. T h is  m ight be 
expected since th is  is th e  main s teer
ing wheel when en tering  a cu rve .

O bviously , fig u re  9 contains more 
inform ation than b ro u g h t out above. 
How ever, the in ten t here  is to illus 
tra te  one way the data can be in te r 
p re te d . Summarizing th is  v e ry  b rie f  
analysis, it seems reasonable to state  
th a t, under these p a rticu la r conditions, 
th e  leading outside wheel of the  tru c k  
is considerably more sensitive to the  
degree of cu rva tu re  than is any other 
wheel. I t  also seems fa ir  to state th a t 
th e  leading inside wheel, although not 
p a rticu la rly  affected by th e  degree of

cu rva tu re  (a t  , least fo r the  samples 
presented), m ight also be expected to 
experience some wear under these, con
ditions,. Th is  is , o f course, assuming 
th a t lateral .w h ee l/ra il force and. wear 
are relatable.

T h u s , fig u re  9 presents information  
relating to wheel. Wear as well as po
tentia l rail w ear. O bviously , o ther 
factors could be investigated , in the  
same m anner. . For. exam ple, what are  
the effects o f passing through curves  
considerably above or below balance 
speed? Or> w hat is the d ifference in 
lateral w h ee l/ra il forces under long 
and short cars?, etc.

V ER T IC A L  WHEEL FORCES 
. 200,000. LB. RAIL LOAD

FIGURE 10.

Figure I0 illu s tra tes  measured v e r 
tical w heel/ra il forces recorded simul
taneously w ith lateral forces presented  
in fig u re  9 . O nly  curve  "A" data are  
presented in th is  sample.

O f p a rticu la r in te res t is the  L4 v e r 
tical w h eel/ra il force and its behavior 
re la tive  to the-, lateral forces a t the  
same position. T h e  vertica l force  
tends to flu c tu a te  in the  same general 
manner as th e  lateral fo rce . Th is  is 
not “cross ta lk"  as might be expected
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(since considerable e ffo rt was e x 
pended to minimize th is  p o ss ib ility ). 
Instead, it  is fe lt th a t the coincidental 
vertical peaks are caused when the  
leading outside wheel tries  to climb the  
rail while passing into and th rough  the  
cu rve . As the rail head trave ls  into  
the  th ro a t of the  flan g e , the  leading 
outside wheel will t r y  to move u p . As 
the wheel tr ie s  to move u p , i t  in 
creases the force on th e  end of the  
side frame (which is being held down 
by the carbody w eight) and thus re 
sults in increased vertica l force a t th is  
point. Note th a t the R4 wheel (leading  
inside) has less tendency to exh ib it 
th is  reflective  behavior. Th is  is .rea
sonable since the leading inside wheel 
tends to roll away from th e  rail head, 
th ereb y  minimizing the  possib ility  of 
the  wheel try in g  to climb th e  ra il.

CURVE “A" • 7*30‘ - 32 MPH =

l a t e r a l / v e r t ic a l  w h e e l / r a i l  F O R C E  RATIO  
2 6 0 , 0 0 0  LB. R A IL  LOAD

FIGURE 11.

Combining the L4 wheel data from  
figures  9 and 10 leads to fig u re  T1 
w h ic h , illustrates the instantaneous  
ratio  between th e  lateral and vertica l 
w heel/ra il forces. Only th e  single 
wheel position is shown fo r illu s tra tive  
purposes.

Figure 11 shows th a t, although the  
L /V  ratio generally  follows the  lateral 
w heel/ra il force tre n d , the  change in

the  ratio  may not be as drastic  as e x 
pected when examining the  lateral 
force alone. A gain , i t  is fe lt  th a t th is  
reflects the  tendency of the vertica l 
force to increase w ith the lateral fo rce , 
at least a t th e  leading outside position. 
O bviously, i f  both the lateral and the  
vertica l forces increase, the  ratio  be
tween the  two is going to tend to re 
main re la tiv e ly  constant. T h is  would 
indicate th a t a predicted L /V  ratio  
might tend to be h igher than an actual 
L /V  ratio  measured a t a position where  
a wheel flange was try in g  to climb th e  
rail head.

The possib ility  of a misleading L /V  
prediction is probably best illus tra ted  
by comparing the  R4 and L4 wheel pos
itions, fig u re  11. For all practical 
purposes, th e  maximum L /V  ratio  fo r  
both sides of the leading axles are  
about the  same. However, examination 
of fig u re  9 shows th a t the  peak lateral 
w h eel/ra il force a t the  L4, position was 
at least tw ice as high as anyth ing  
noted a t the  R4 position.

FIGURE 12.

F igure I2 illustra tes  typ ical lateral 
w h eel/ra il forces under lig h t car Condi
tions. The  tes t curves and wheel pos
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itions are the  same as displayed in 
fig u re  9. Only the  rail load has been 
changed.

Comparing the curves of fig u re  12 
to fig u re  9 , certain  sim ilarities are re 
vealed under the  two d iffe re n t rail 
loads. For instance, a t th e  L4 posi
tio n , the  lateral force tends to build 
through the spiral and then maintain 
some positive value th rough  the steady 
state portion of cu rve  "A 11. 'T h e  shape 
of the L4 data trace  is rem arkably sim
ila r under ligh t and loaded car condi
tions. O f course, the magnitudes are 
considerably reduced under lig h t car 
conditions. The same p attern  of be
havior can be seen a t all wheel posi
tions in curve "A ". For instance, the  
leading inside wheel showed a similar 
force buildup th rough th e  spiral and 
into the  curve under both rail load 
conditions. O nly the  m agnitude of the  
response seemed to d iffe r  appreciably.

CURVE *E - 0*50’ - GO MPH = 
CURVE’ E"-0*50'- 74- MPH =

LATERAL WHEEL/RAIL FORCE DURING TRUCK HUNTING 
66,000 LB. RAIL LOAD .

FIGURE 13.

The similar data cu rve  shapes are 
undoubtedly due to irreg u la rities  in 
the rail which caused th e  wheels to 
respond in the same general manner 
with each tes t pass. The  magnitude of 
the response is, of course, dependent

upon the w eight an d /o r forces th a t  
might respond to these irre g u la ritie s .

Figure 13 is the final data sample 
used to illu s tra te  the capabilities of 
the w heel/ra il force measuring system. 
Illus tra ted  are lateral w h eel/ra il forces  
measured d uring  tru c k  hunting under 
lig h t car conditions in a 0°50‘ curve a t 
two d iffe re n t speeds. The approxim ate  
threshold fo r th is  p a rticu la r a rran g e 
ment was 60 mph. Lateral w heel/ra il 
forces were considerably reduced from  
those encountered at 74 mph.

The s light bias (e ith e r positive or 
negative) noted at the various wheel 
positions is due prim arily  to the  fac t 
th a t both tes t speeds were consider
ably below the  balance speed in the  
cu rve . Since the curve was super
elevated fo r  speeds over 100 mph, the  
test car had a natural tendency to run  
closer to the inside rail of the cu rve . 
Under these conditions, the inside  
wheels would tend to experience a pos
itive  or downhill bias while the outside  
wheels would tend to exh ib it a nega
tive  bias. F igure 13 indicates th a t th is  
was generally  the  case.

Data curves of fig u re  13 indicate  
the tra ilin g  inside wheel position (R 3 )  
experienced the  g reater force flu c tu a 
tions through the tes t cu rve . Also, 
note the general phase relationship be
tween the two wheels on the  r ig h t side 
of the tru c k  and the two wheels on the  
le ft. Relative force and phase re la tion 
ships may d iffe r  s ign ificantly  fo r a sim
ilar tes t run on tangent tra c k .

WHEEL max/ min (k ip s ) RMS (KIPS)
POSITION 260,000# 06,000# 260,000# 06,000#

CURVE A FORWARD

R-3 10 .0 /-3.6 5.V 2.2 3.2 3.5
R-k 13.8 /-0 .8 7.8 /l.U 10.0 It.7
L-3 16 .6 /-1.8 7 .8 /o.U 6.3 3.9
l-4 22.0/-2.U 8 .6 /-1.2 10.2 3.7

CURVE C FORWARD

R-3 3.0/-U .L 5.V 1-1* 1.9 2.3
R-4 ll.lt /- ° .8 5.8/2.0 6.1 4.1
L-3 9 .6 /-2 .8 It .2/0 .8 4.2 2.2

L-4 10 .6 /-3.L 3.8/ - 0.lt It.5 1.9
LATERAL WHEEL FORCE SUMMARY

FIGURE 14.

Figure I4 summarizes some of the  
aforementioned graphed data and p re -
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sents i t  in tab u la r form . Even in th is  
v e ry  simple form , noticeable, and p e r
haps s ign ificant trends are e v id e n t.

A dm itted ly , the  foregoing discussion 
of results has been v e ry  b r ie f and 
genera l. However, the purpose of the  
discussion was not to present specific  
results  and fin d in g s , but to illu s tra te  
the  capabilities and the inform ation  
potential provided by the ASF w heel/ 
rail force measurement system.
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THE DR-1 RADIAL T R U C K ,
• 1 ■'' \

A S IG N IF IC A N T  ADVANCE IN FREIG HT CAR TRUCK TECHNOLOGY

; BY

E .C . B AILEY v
N. CALDWELL 

P .P . MARCOTTE

D uring the  past two years , s ig n ifi
cant progress has been made in the  
development of adapting radial steering  
arms to a conventional three-p iece  
tru c k  to improve curve  track in g  char
acteristics and provide increased sta
b ility  a t maximum operating speeds. 
The resu lt is a new tru c k  design which 
has been designated the  DR-1 Radial 
T ru c k . Extensive tests have been 
conducted on th e  DR-1 which provided  
conclusive proof th a t th e  steering arms 
eliminate hunting  w ith in  the  operating  
speed range and g re a tly  improve curve  
negotiation.

On the economic side, actual cost 
information has been compiled on some 
of the  operational param eters affected  
by the improved track in g  performance 
of the  tru c k , such as wheel and rail 
wear and fuel consumption. This data 
has provided valuable ins igh t into the  
significant savings th a t can be realized 
from the application Of the  self-steering  
princip le..

The w ork done to date has demon
strated the  DR-1 to be technically and 
economically feasib le . The next step 
in the  program calls fo r  selected re v 
enue service applications of the pro
duction vers ion .

The  purpose of th is  paper is to re 
view the progress made on th is  project 
in the  past two y ears , explore some of 
the revealing data on the  economics of 
improved tru c k  perform ance and ou t

line the  plans , fo r  the  introduction of 
the  DR-1 into fie ld  service.

IN TR O D U C TIO N

Despite; the  many years of success
fu l performance behind the convention
al th ree-p iece  fre ig h t car, t ru c k , i t  has 
some perform ance lim itations which are  
increasingly evident in today's railroad  
operations. The  major deficiencies fail 
into two .classes'’.'of- vehicle guidance, 
curving  and high speed tra c k in g .

The f ir s t  problem involves th e  in 
ab ility  o f the  tru c k  to provide- satis
fac to ry  curv ing  performance w ithout 
excessive lateral forces on the  ra ils . 
Heavy rail wear on curved tra c k  and 
high rates of wheel flahge wear are  
now being experienced in many types  
of service because. o f these fo rc e s ,, 
p a rticu la rly  bn u n it tra in s ; More e x 
p lic itly , rail ;wear is in th e  form o f 
gauge face and head wear on the  high  
rail and head flow and corrugations on 
the low ra il. Increased tra c k  replace
ment and gauge and alignment m ainten
ance are  d irec t consequences of inade
quate cu rv in g  perform ance.

The second deficiency lies in the  
in ab ility  o f  fre ig h t car tru cks  equipped  
with ro lle r bearings to provide stable  
guidance on tan g en t tra c k , p a rtic u la rly  
on ligh t cars trave lin g  in excess o f 40 
to 50 mph. Th is  condition is more 
pronounced when the  w heel' profiles
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have acquired the degree of wear n o r
mally found a fte r about 25,000 miles of 
service fo r 1 in 20 taper wheels. The  
in s tab ility  manifests itse if in the  form  
of lateral cyclic v ibration commonly re 
fe rre d  to as "hunting". This behavior 
ultim ately leads to extensive* wear and 
damage to tru c k  and carbody compon
ents and identifiab le damage to lad ing .

In the search fo r a cost e ffec tive  
solution to the curving  and s ta b ility  
problems, several years ago Dresser 
began investigating various approaches  
proposed to alleviate them . T h ere  
were some modifications available which 
eliminated the hunting problem asso
ciated with the c o n ven tio n a l th re e -  
piece tru c k  fo r speeds up to ap p ro x i
mately 60 mph. Also, some new types  
of tru cks  were in existence o r being  
developed th a t had been shown to be 
stable during  high speed track in g  
tr ia ls . However, these tru cks  did not 
specifically address the cu rv in g  p ro 
blem. T h ere fo re , they  only p a rtia lly  
meet the performance requirem ents fo r  
present and fu tu re  fre ig h t operations.

A t the  -same tim e, others in the  in 
d u s try  were d irec ting , th e ir  attention  
to the curv ing  problem. C onsequently, 
a cooperative development program  was 
undertaken in early  1975 by the  Cana
dian National Railways, Dresser T ra n s 
portation Equipment D ivision, Dominion 
Foundries and Steel, Limited and R ail
way Engineering Associates. T h e  p u r 
pose of the  project was to develop a 
commercially viable tru c k  based on con
siderable conceptual and investigative  
w ork performed by M r. Harold L ist Of 
REA on the  princip le of radial s teering  
of tru c k  wheelsets.

Since North American railroads have  
accumulated much successful back
ground experience with the  conven
tional th ree-p iece  truck',' , and the  
supply in d u stry  is well equipped fo r  
its m anufacture and maintenance, it  
was decided th a t the trucks  basic com
ponents should be preserved . A fte r  a 
thorough evaluation of numerous con
cepts , the  one selected as most p ra c ti
cal was the  application of a radial 
steering mechanism to a conventional 
tru c k  which has resulted in the  deve l
opment o f the new D R-I Radial T ru c k ,  
as shown in fig u re  1.

; V : FIGURE 1.
MODEL OF DR-1 TRUCK

DESIGN CONCEPT

■The DR-1 consists of the  standard  
side frame and bolster assembly, with  
conventional suspension components, 
plus a steering arm arrangem ent made- 
up of!, two "C" shaped arms. These 
are attached a t th e ir  extrem ities to the  
bearing adapters and un iversa lly  con
nected to each o ther by center posts 
through one of the  existing  holes in 
the bolster. Resilient shear pads are  
applied over the  bearing adapters to 
perm it radial positioning of the wheel- 
sets. The steering arm s, th u s , have 
been designed such th a t they  can be 
re tro fitted  to existing  tru cks  with 
standard components and no modifica
tions . are requ ired  to the  carbody. 
Com patibility is th e re b y  maintained with  
existing tru c k  maintenance support 
facilities and practices. This offers  
d is tin ct advantages over o ther steering  
trucks  th a t u tilize  non-standard side 
frames and bolsters and other noncort- 
ventional, rig id  fra m e .tru c k s .

. To appreciate the  benefits to be de
rived from the steering fe a tu re , the  
curving  behavior, of various types of 
tru cks  must be considered. To achieve 
flange free  curv ing  perform ance, the  
axles must align themselves rad ia lly  to 
the curves. Existing fre ig h t trucks  
n atu ra lly  assume a parallelogrammed or 
lozenged shape, illus tra ted  in fig u re  2, 
sUch th a t the ' angle of attack between 
the vertical plane of the wheel and the  
direction of trave l is large , causing 
high lateral forces and wear! In rig id



FIGURE 3.
SQUARE AXLE PO SITIO N

FIGURE 4.
R A D IA L AXLE PO SITIO N

or square tru c k s  th e  condition is im
proved , b u t the  angle o f attack is still 
s ig n ifican t, as shown in fig u re  3. The  
DR-1 Radial T ru c k  inh ib its  any ; te n 
dency of th e  wheel sets to assume a 
lozenged position in cu rves , since the  
axles must maintain th e  proper radial 
alignment as shown in fig u re  4 , be
cause of th e  co n stra in t provided by

the interconnected steering arms.
Before tru c k  design concepts could 

be generated which would produce the  
desired perform ance, it  was f ir s t  
necessary to conduct an extensive
study •' to  gain , a thorough . u n d e r
standing of the  factors th a t a ffec t a 
tru c k 's  cu rv in g  and tangent tra c k  sta
b ility  . /b e h a v ip r . Early  theoretical 
analyses were carried  out b y  CN Rail
-Research , and REA using computer 
modeling techniques to evaluate the  
track in g  characteristics  of a s e lf-s te e r
ing ty p e  tru c k . The  two most im por
ta n t param eters th a t control track in g  
perform ance, which can be modified by  
the designer, were u ltim ately id en tified . 
These are in terax le  lateral and yaw  
stiffness. Assuming the  predom inant 
condition o f  service worn wheels, com
p u ter optim ization of these design p a r
ameters. showed th a t both th e  desired  
high speed track in g  s ta b ility  of
empty cars and radial alignm ent of 
loaded cars in curves Could be atta ined  
jf  the  appropriate  combination of lateral 
and yaw  stiffness was used to in te r 
connect the  Wheelsets.

To c la rify  these term s, in te rax le  
lateral stiffness is defined as the  resis
tance o f the  tru c k  assembly to re la tive  
lateral motion between the wheelsets 
when equal and opposite forces are  
applied , as shown in fig u re  5. In the  
D R-1, tru c k , th js  stiffness is achieved  
by the cast steel steering arm s. ^In
creased in terax le  lateral stiffness has a 
major e ffec t on hunting  s ta b ility  of 
conventional tru c k s .

f ig u r e  5.
IN T E R -A X L E  LATERAL STIFFN ESS



S im ilarly , in terax le  yaw stiffness is 
the resistance of the tru c k  assembly to  
re la tive  yaw motion of the wheel sets 
when equal and opposite moments are  
applied , as shown in fig u re  6 . In the  
DR-1 i t  is achieved by elastically, coup
ling the wheel sets ' to each .o th e r  
th rough th e  tru c k  side; ,frames1. Th is  
permjts fore  and; a ft longitudinal move
ment o f  th e  jo u rn a lb e a r in g s  under 
res ilien t control of the elastomeric
pads, which allow s/radial positioning, of 
the  wheel sets in the fram e. The  re 
duced in te rax le  y aw stiffness of the  
D R -T Compared to  ‘a, conventional tru c k  
is th e  most influeritiai ‘factor on c u rv 
ing performance since it  perm its radial 
steering action to occur. The forces  
developed to steer the wheelsets are  
generated a t th e . w heel/ra il in terface  
which depend to a large degree on th e  
wheel tread  p ro file . :

The results  from the computer model 
analyses showed th a t in terax le  yaw  
stiffness not only influences x u rv in g  
characteris tics , bu t also, has a consid
erable e ffec t on hunting s ta b ility . 
C onversely/ the  in terax le  lateral s t i f f 
ness has a beneficial e ffect on c u rv in g . 
T h e re fo re , curv ing  performance and 
critica l hunting speed are in terdep en- 

. den t which requires th a t a compromise 
be made betw een . the combination of 
lateral and yaw stiffnesses. On the  
D R -1 , the f ir s t  p rio rity  was to achieve 
high speed s tab ility  up to a minimum 
of 80 mph since dynamic in s tab ility  on 
tangent tra c k  is h ighly undesirable in 
the  operating speed range. . F o rtu n 
a te ly , the yaw stiffness . requ ired  fo r  
adequate hunting control a t th is  speed 
yields a v e ry  substantial improvement 
in . curving  performance th a t js s u ffi

F IG U R E 6.
IN TE R -A X LE  YAW ST IFFNESS

cient fo r flange fre e  cu rv in g  on most 
mainline curves.

DEVELO PM ENT/TEST PROGRAM

In addition to the  theoretical 
analyses, an extensive, series o f tests  
have been conducted over the  past 
fo u r years to v e r ify , th e  effectiveness  
of the  steering arm concept. T h e  f ir s t  
two, years consisted of experim enting  
with an all new steering  tru c k  which 
has been reported on p rev io u s ly . In 
the latest series of te s ts , which will 
now be discussed, a carset o f re tro fit  
steering arms was applied fo r the  f ir s t  
time to standard 100-ton fre ig h t car 
tru c k s  by D resser in 1975. T h e  s teer
ing arms were fabricated  from s tru c 
tu ra l steel sections to expedite con
s tru c tio n , as shown in fig u re  7 . Th is  
tru c k  was designated th e  DR-1 Radial 
T ru c k .

C urv ing  and s tab ility  tests were 
conducted on the DR-1 tru c k  in early  
1976 a t the  DOT T est C enter in Pueblo, 
Colorado. A lthough the  DR-1 demons 
strated th a t the curv ing  characteristics  
were s ign ificantly  im proved, th is  p ro 
to type version did not achieve the  sta
b ility  we had anticipated as th e  trucks  
hunted a t approxim ately 60 mph. 
Static tests of the  tru c k  were con
ducted to determ ine the  in terax le  la
tera l s tiffness. These tests showed 
th a t the stiffness was considerably be
low the minimum value established by  
the computer analysis because of large  
torsional fle x ib ility  in the  steering  
arms.

FIGURE 7.
DR-1 TRUCK W ITH FABR IC ATED  

STEERING ARMS
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'" The prototype, was modified to increase the lateral stiffness to the maximum practical level for this particular fabricated design. When the truck was reassembled, dynamic lateral and yaw stiffness tests were performed by CN Rail Research, as illustrated in figure 8. The tests showed that the interaxle lateral stiffness was considerably improved over the level available in the Pueblo tests but still was not as high as it should be. The interaxle yaw stiffness was slightly higher than the design value because standard elastomeric pads were used. The dynamic test procedure was necessary to insure that the stiffnesses of the complete truck assembly were representative of those exhibited during dynamic over-the-road operation.

FIGURE 8.DYNAMIC' STIFFNESS TEST FIXTURE
High speed, light car hunting stability tests were then made by CN Rail Research on both a High-Cube box car and a torsionally flexible open top hopper car. Each car was alternately equipped with conventional trucks with new wheels (6,000 miles of service) and then with DR-1 trucks with worn wheels to. determine the carbody input influence.Runs were made on a section of continuously welded tangent track starting at 40 mph and increasing in 5 ‘mph Increments up to a maximum test speed of 75 mph. Laterally oriented accelerometers mounted on each end of the cars were used to identify hunting instability. Two television cameras monitored the action of a set of wheels on the rails with a continuous display on a split screen in the instrument car.

Unlike the conventional trucks which hunted bn both types of cars beyond 55 mph, the DR-1 remained stable, up to approximately 75 mph where intermittent hunting occurred. The, resuits are illustrated in figures 9 and 10. The fact that the hunting onset speed was significantly improved by the DR-1 on; both cars, confirmed the theoretical prediction that the higher interaxle lateral, stiffness increases the critical speed. Since the stiffness was not optimal, it was not surprising that the hunting threshold was still below the desired 80 mph level. Also, the increase in the critical; speed of the DR-1 in these tests, compared to the original prototype test in Pueblo where the lateral stiffness was too low, further illustrates the importance of having the appropriate stiffnesses predicted by the computer model. In addition, these tests indicated that a cast production design with optimal stiff -

FlGURE 9.ROAD TEST RESULTS FOR OPEN TOP HOPPER

FIGURE 10." ROAD TEST RESULTS FOR BOX CAR

293



nesses would provide the desired stability to at least 80 mph.A few additional comments should be made at this point regarding truck performance. While it has been established that a suitable combination of interaxle lateral and yaw stiffnesses is the key to truck stability and curving, proper operation can be obtained over a relatively wide range of values which can be easily controlled in the manufacturing process. Still, the minimum value of interaxle lateral stiffness required is well beyond that of conventional freight car truck designs. Secondly, since both the DR-1 and the conventional trucks behaved consistently under two very different types of cars, it was concluded that the car- body does not contribute significantly to the critical speeds observed on conventional freight trucks as long as the trucks themselves remain stable. This agrees with data from previous CN Rail Research tests.After demonstrating that stable operation could be achieved with the DR-1, its curving characteristics were investigated using fully loaded cars. Tests were performed with the DR-1 and conventional trucks on a 5° and a 
12p curve to measure the lateral track force. Numerous passes were made in each direction over an instrumented tie plate. The DR-1 reduced the lateral track force by an average of 60% on the 5° curve and by 20% on the 12° curve.

FIGURE 11.ANGLE OF ATTACK MEASUREMENT INSTRUMENTATION
A laser beam, similar to the device shown in figure 11, was then set up to

measure the exact angle of attack of the leading wheels on the 5° curve. This measurement showed that the DR-1 reduced the angle of attack by 75% compared to the conventional truck.Since well known theoretical works as well as independent studies conducted by CN Rail Research indicate that flange and rail wear are proportional to the product of the lateral track force and the angle of attack, wheel flange wear and track gauge face wear on 5° curves should be reduced to approximately 1/10 of that caused by conventional trucks with AAR contour wheels, i.e., .40 x .25 = .10.Over a thousand miles of tests were then made with the DR-1 truck to check its total performance. During these runs, the trucks were instrumented to measure curving, strain gaged to measure forces in critical areas of the steering mechanism and continuously monitored for hunting using the television cameras and accelerometers. At stlveral intervals during the runs, the trucks were checked for any signs of unusual wear or potential problems. Performance during these tests confirmed satisfactory operation of the DR-1 truck in all respects.One noteworthy test was made during these runs to record truck steering during brake applications in curves and determine whether braking interfered with steering action. It was discovered that the truck continued proper steering during light and medium braking. When full service or emergency brakes were applied, normal brake shoe forces pressed the bearing adapter against the outer pedestal stop lugs. This forced the truck to adopt a square configuration which is more desirable than the lozenged attitude of conventional trucks in curves.The elastomeric pads have also been tested at both normal temperatures and extremes of hot and cold, without structural deficiencies. It should be noted that the pads used between the bearing adapter and side frames in the DR-1 design have been successfully applied for several years in similar railway applications. By eliminating hunting, the DR-1 will considerably extend the service life of these pads beyond current experience in conven
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tional trucks.After the successful completion of these tests, we were confident that we had a viable solution to the stability and curving problems. In the next phase of development, the final design of cast steering arms was completed by Dresser utilizing the forces measured during the Canadian National road tests. This involved generating and repeatedly adjusting a finite element model to simultaneously achieve the required stiffnesses and strength. The initial production units of the steering arms were then cast by Dominion Foundries and Steel, assembled into trucks and dimensionally checked for adequate clearances under the most adverse operating conditions as shown in figure12. Comprehensive testing of the truck is following a plan similar to the one used on the fabricated prototype.First Dresser performed a preliminary static: test to ensure the arms had the optimum lateral stiffness. CN Rail Research later confirmed during dynamic laboratory testing of the truck that the lateral and yaw stiffnesses were within the range of values established in the computer simulation. Strain gage data was recorded during the static test as a preliminary check on the strength of the arms. This data was also used for correlation with a detailed finite element model of the assembly.Stability tests have been conducted by CN Rail Research on the DR-1, this time with empty 100-ton coal gondolas which will be used later for service tests of the truck. While the conventional trucks began hunting at approximately 48 mph, the DR-1 was completely stable at 80 mph. Additional curving tests are planned and- will follow the same sequence as the earlier fabricated version.During these tests, strain gage data on the steering arms will be recorded so that it is possible to determine the operating environment forces and develop a load spectrum to be used in a fatigue test of the arms. Sufficient cycles will then be applied to the steering components to accurately simulate 40 years of service to prove no structural deficiencies exist.

FIGURE 12.PRODUCTION VERSION OF THE DR-1 TRUCK
As data was accumulated from the numerous laboratory and road test series and correlated with the results from the computer model, a great deal of confidence in the understanding of the DR-1 Radial Truck concept developed. Achieving both curving performance and stability, while preserving the desirable characteristics of the three-piece freight car truck, represents substantial progress in rail truck efficiency. Also of great importance is the fact that a validated computer model has been developed which accurately predicted the performance of the truck and will serve as a unique and valuable tool for future research.

ECONOMIC JUSTIFICATION
. Although the performance of the DR-1 has been proven, a discussion of its benefits would not be complete without consideration of the economics involved. With this in mind, CN Rail Research compiled an extensive and impressive set of data which perrhjts the following evaluation of the potential savings that can be realized .from the application of the DR-1. These calculations have been compared with, other financial information available to the railway industry and, in contrast/ they appear to be conservative:
Rail Wear
The major thrust of the DR-1 truck design is to improve curved track wear. From a 1975 wear study conducted by Mr. F. E. King of the Cana-
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dian National Railroad on their British Columbia Southline, it was shown that a savings of $180 per million gross ton miles (MGTM) of transportation was attainable if curved track wear could be reduced to the level presently experienced on tangent track. This assumes rail replacement costs at the 1975 figure of $100,000 per mile.
Wheel Wear

In this Same study, wheel wear was evaluated based on the practice of using a two-wear wheel which normally gives 340,000 miles of service on this line. Assuming the life of the wheels would be increased by 30% to 442,000 miles, wheel wear savings were estimated at $18 per MGTM based on a 1975 cost of $2,000 per carset of wheels. Other estimates of the cost to replace a carset of wheels have been as high as $3,600.
Fuel Savings
Another benefit of an improved curving truck is reduced rolling resistance in curves. A train performance calculation (TPC) was made to evaluate the maximum fuel economy attainable if the rolling resistance in. curves was reduced to that experienced on tangent track. A loaded coal train of 98 gondola cars was moved in a TPG computer simulation from Winniandy coal mines in Alberta to the Neptune Terminals in Vancouver, British Columbia (680 miles) and returned empty. The rolling resistance of cars on standard freight car trucks is generally assumed to be 0.8 lb. per ton per degree of track curvature, i.e., the curving drag is equivalent to climbing a 0.04% grade for each degree of track curvature. This value of curving resistance used for one run and zero curving resistance was used for the other.The results show a fuel consumption reduction of 1,308 gallons for the round trip, with 10,620 gallons consumed on the standard train with conventional trucks. At 42 cents a gallon for diesel fuel, this would result in a $550 saving for each round trip. The transportation service supplied in

moving the, consist for the round'trip from Winniandy to Neptune is 11.56 MGTM which includes the weight of the locomotive and caboose. Hence,' the maximum fuel savings is: $550/11.56 = $47.58 per MGTM. . ‘ .
Economic Summary ,
At present, coal gondola cars in this service average 60,000 miles/yr. based on car mileage records. One- half the trip is loaded at 130 gross tons and the return trip at 30 gross tons. Hence, each car supplies 30,000 (130 + 30) = 4.8 MGTM of transportation each year. The potential annual savings for rail wear, wheel,,wear and fuel are therefore:

'Rail Wear $180 per MGTM
Wheel Wear $ 18 per MGTM
Fuel . $ 47 per MGTM$245 x 4.8 = $ 1,176savings per car per year
Based on a present value calculation using an economic life of 10 years and a 15% cost of. capital, the $1,176 per year saving would justify investing $5,900 more per carset for DR-1 trucks versus conventional trucks to gain just the savings in rail wear, wheel wear and fuel consumption.

Other Savings
In this study, no economic allowance has been claimed for certain "soft dollar" benefits due to decreased derailments in curves brought about by lower curving forces or those caused by high speed hunting of empty cars. Nor has any allowance been claimed for decreased track alignment and gauge maintenance or improved track occupancy during such maintenance.Additional tangible savings would be derived by eliminating hunting from a reduction in truck component wear, carbody wear and lading damage which is know to be worth at least $250 per carset in capital cost, judging from the cost of existing anti-hunting devices. Also, there is a distinct possibility of
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increased car utilization from operating the empty car trains at higher speeds.
FIELD APPLICATION
This year, a limited number of carsets will be placed on several railroads in the U.S. which have representative service. A similar number will be installed by the CN. In 1978 Dresser will be prepared to place at least another 100 carsets in service. The CN plans to retrofit some existing unit trains as the DR-1 proves it will produce the anticipated savings.

SUMMARY
It has been proven by computer modeling and verified by extensive tests that the DR-1 Radial Truck represents a significant advance in freight car truck technology. The DR-1 is an economically justifiable means of effectively controlling the curving behavior and stability of conventional freight car trucks.We are now at the point where in- troduction of the DR-1 is imminent. We, as an industry, are in a position where a practical solution is available to solve problems that have been plauging us for years.
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STACKED CONTAINER CAR FOR LAND BRIDGE
BY

„ L. H. NATIONS R. H. BILLINGSLEY, JR.

The strong need for improved efficiency in rail transshipment of freight containers from container ships prompted the Southern Pacific to undertake the development of a container car specialized for "Land Bridge" operations. The fundamental objective to reduce car lightweight was obtained by stacking containers as compared to usual end-to-end loading. An additional benefit was substantially reduced train lengths. The Southern Pacific is also developing concepts which would retain TOFC capability as well as improve COFC efficiency. ACF, under contract to Southern Pacific, has designed, built, and tested a prototype design version of the stacked container car concept. The prototype design demonstrated the weight reduction objective feasibility while at the same time conforming to ail AAR/FRA design and safety requirements. The only restriction involves height, which is the same as multi-level auto rack cars.The need for a lighter weight car specialized to handle containers has been building for some time. Before the advent of landbridge and mini- bridge all-container movements and the growth of a network of terminals with lift-off/lift-on handling equipment, the logistic versatility of the all- purpose piggyback car inhibited developing COFC-only cars. Now, however, there is definite justification for developing such cars to achieve maximum economy operating point-to-point within the network. * 1952

Reducing car weight for more economical transportation is by no means new or novel; it has been a popular theme for decades. In this case, however, it is not a matter of Skinning down existing structure with the attendant complications and hazards of potential fatigue problems, rather it is the selection of an alternate structure. It is an opportunity to take a fresh outlook and to conceptualize taking advantage of many years of piggybacking development and experience behind us.The essential lift-on/lift-off nature of container handling and the point-to- point character of volume container movements naturally chahnels weight reduction thinking along two paths, skeletonizing and articulation. The car structure can be skeletonized to the extent that its function is limited only to providing point supports and restraints at standardized container corner locations and to protecting the containers from the longitudinal loads of the yard and train environment. Articulation reduces car weight both by eliminating portions of end structure and reducing the number of trucks.Investigating container car configuration alternatives, the SP found that a concept of stacked containers nested in a drop-center or "well" type car unit possessed the most substantial potential for decreasing car weight. As shown in figure 1, the stacking concept in a three-section articulated configuration has a feasible 120,000-pound

Lloyd H. Nations is  Assistant General Manager, Intermodal T raffic  (Services) for the Southern P acific  Trans
portation Company, San Francisco, C a lif . Nations received his B.S. degree from Texas Western, performed 
graduate work at the University o f Texas and la te r  attended Harvard University.

Robert H. B illin g s le y , J r . ,  is  Senior D irector -  Technical• for AMCAR D ivision , ACF Industries, In c ., St. 
Charles, Mo. B illin g sley  received his B .S. degree in Mechanical Engineering at the University o f Florida in
1952.
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car lightweight and a 171-foot length oyer pulling faces.
BTACK "COFC*'

SIX CONTAINERS W 35- OR 40-IT. PAIRS 
CAR LIGHTWEIGHT -  120,000 LBS.
LENGTH OVER PULLING PACES - 171 FT. 
TRAIN NET-TO-TARE RATIO -  .67 
CAR NET-TO-TARE RATIO * -1.20

By comparison, the three standard all-purpose COFC-TOFC cars needed to transport the six containers would have a 210,000-pound lightweight and 276 feet over pulling faces. Thus, the stacking concept, in addition to its substantial reduction in lightweight, also permits a much shorter train length for the same payload. Stated another way, for a given length of train, or terminal dock, the stacking concept provides a 60% increase in lading capacity compared to conventional COFC-TOFC.The index used by the SP for evaluating the degree of effective weight saving is the net-to-tare ratio, that is, the ratio of payload weight to the tare weight (car plus containers or trailers lightweight). For true comparison, the "weight of power" must be included in determining the tare weight on a car unit basis. For "weight of power", the SP uses 3 HP/trailing ton, which equates to ; about 342 locomotive pounds per trailing tori, based upon expedited trains powered by SD 45's (3600 HP; 410,000 lbs. R.W.)., Other ratios of HP/ton and size and weight of locomotives will materially affect this allotment; of locomotive weight in the calculation 'of the train net/tare ratios.In Table I, the three-section stack- container car concept is compared to conventional COFC-TOFC on a net-to- tare ratio basis. For the comparison,7,500 pounds :each is used for container. light-weight and 12,000 pounds for trailer lightweight, were applicable.

Typical lading weight is based upon33,000 pounds of product per container. The three-section stack-container unit, with a 0.87 train net/tare, represents a 45% improvement over the0.60 train net/tare of the conventional 89-foot all-purpose car in container movement. On a design basis, excluding locomotive weight, the car net/ tare ratio for the three-section stack container unit is 1.20 as compared to a conventional 89-foot container car with a car net/tare ratio of .78. On this basis, a 54% improvement can be realized with the three-section double stack design.
40-Foot Dry Container and T r a i l e r  Movements -  Net Tare Comparison

TYPE OF MOVEMENT

Standard TOFC-COFC

A rt icu la te d  
Three Section  
Double Stack

Net/Tare 
% Improvement 

A rt icu la te d  Three 
Sention Versus

TOFC COFC COFC COFC

Car Tare Height 70,000 70,000 120,000

Container Tare Height - 15/000 '4S.000

T r a i le r  Tare Height 24,000 — -

T o ta l Tare Height 94.0001 85,000 165,000

Locomotive Height 27.3002 25.800 62,000

T o ta l Tare Height 121,300 110,800 227,000

Product Height 66,000 66,000 198,000

T ra in  -  Net/Tare Ratio .54 .60 .87 45%

Car -  Net/Tare R a tio 1 .70 .78 1.20 544

^Excludes locomotive w eight.
28ased on 3 HP/ton, SD4S type  locom otives (3600 HP, 410,000 pounds) *  342 pounds per 

t r a i l in g  ton. Output, w eight, and HP/ton r a t io  w i l l  m a te r ia l ly  in flu e n ce  t h is  loco
motive weight a llo tm ent in  the determ ination o f t r a in  n e t/ ta re  r a t io .

TABLE 1.
From these numbers you can see the dramatic change in net cargo carrying capacity that can be achieved using the double stack configuration. The main restriction on this car will be because of height. With two 8%-foot high containers, the top clearance will be 18% feet above top of rail (empty containers), and this will permit going any place that multilevel rack auto cars will go.The SP is also pursuing other concepts to utilize the advantages of articulation. In these other concepts, one goal is to retain TOFC capability in dedicated train, lift-on/lift-off, land- bridge type movements. These concepts include two-section and four- section articulated COFC-TOFC arrangements.The four-section COFC-TOFC concept, figure 2, features 47-foot sections with fixed trailer hitches and
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lightweight of 100,000 pounds. End trucks are 50-ton, interior trucks, 70- ton. This arrangement will handle either a 40-foot container or a 40- or 45-foot trailer on each section, including nose refrigeration units. For COFC, the train net/tare ratio for an 89-foot car of .54 for TOFC and .60 for COFC, an improvement of 24% for TOFC and 27% for COFC by use of the four-section car. In length of train there is no significant difference.

FIGURE 2.
The two-section concept arrangement, figure 3, will accommodate three 40-foot containers, With the center container straddling the articulation joint, or two 40- or 45-foot trailers secured on retractable trailer hitches. The middle container would mount on swiveling bolsters, one of which could also move longitudinally,, to permit angling and length variations accompanying curve negotiation by the car. The double qnit lightweight is about 72,700 pounds, yielding a train net/ tare for containers of .77 and for trailers, .53 train net/tare. For COFC, the two-section concept with a length over pulling faces of about 130 feet does reduce train length slightly, about 3%, but in operating TOFC, it suffers a 30% train length handicap versus the „ conventional all-purpose car.In summary, both these COFC- TOVC concepts retain some significant benefit in increased net-to-tare ratios

for container movements, although less than the stack-container' concept. For conventional TOFC loadings,; the- net/ tare ratio is improved for the; four- section concept. Regarding,; train length, there is no Substantial change from the conventional, when handling containers, but some penalty is incurred in the two-section case when running trailers. These appear to be. the limitations imposed to obtain TOFC versatility.

two motion etm/Tfira eoMeist j
THREE 40-FT. CONTAINERS OR TWO 40- OR AS-FT. TRAILERS ' ' >
CAR LIGHTWEIGHT -  72,550 LBS.. . . '
LENGTH OVER FULLING FACES *T29 FT. ' ’ *
TRAIN NET-TO-TARE RATIOS • .77 COFC, .55 TOFC .
CAR NET-TO-TARE RATIOS • 1.04 COFC, 0.6S TOFC .

FIGURE3.
The three-section stacked container concept was selected by the SP as the first for design development. For development purposes, the SP contracted with ACF to design, build and test a prototype single section version of this concept. The prototype was to be designed to stack pairs Of 40-foot (ISO) and 35-foot (nonstandard) containers, and the design had to be compatible with SP lift7on/lift-off equipment at port terminals.The prototype version as proposed for development by ACF is shown sketched in figure 4. A 50,000-pound lightweight target was set for the prototype, which would give it a . 76 train net-to-tare ratio, calculated on the same basis as in Table ,I. The design was to conform to all applicable AAR Specifications and FRA Safety - Standards. - ■From ACF's poi nt of view, the "well" type car concept provided an attractive opportunity for innovative weight-savings design. The car is a center Sill-less car (figure 4), a type with which ACF has substantial;experience. The bulkheads which are primarily for longitudinal and lateral restraint of the upper container also effectively function to structurally augment the transition section between the "well" and the stub sills. The
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side sills, forming. the sides of the container "well" also provide torsional rigidity for the car.,, Supporting the container as closely as possible to the car bottom makes the stacked concept 'possible. The result is minimizing of both car weight and length.

LENGTH OVER PULLING FACES -  68 IT .  
TRAIN NET-TO-TARE RATIO -  .76 
CAR NET-TO-TARE RATIO -  1.02

FIGURE 4.
,, As a new car design, this was,an opportunity to apply design technology based upon the body of experience and 'environmental data background at ACF. Fatigue failure is a major pitfall of weight reduction. In* recent years, ACF has concentrated on developing data and technology to design more closely to material limits. During the basic design phase, and again during post-test analysis, the design is carefully reviewed and monitored to assure fatigue failures are prevented. Our design approach is identical to that outlined in the Interim AAR Guidelines for Fatigue Analysis of Freight Cars, which has recently been developed in "Phase II of the cooperative Track- Train Dynamics Program.The design phase was initiated in September 1976 after the basic criteria and load conditions for design were agreed upon. A maximum gross container weight of 75,000 pounds was selected for. design, a not uncommon maritime ̂ condition, as opposed to the ISO standard maximum of 67,200 pounds. The car was to be designed for seven basic load conditions, which 'are: • \
: a) tight car - no containers x

b) One lightweight (empty) containerc) Two stacked lightweight (empty) containersd) One gross weight containere) Two stacked gross weight containersf) One gross weight containerstacked on a- lightweight containerg) , One lightweight containerstacked on a gross weight container
The light car condition involvesempty-load brake requirements; truck hunting, upper coupler height limitation, and other lightweight design criteria. The two empty container's condition sets the maximum vertical clearance height for the car. . The two fully loaded containers govern the structural strength design and the other limit of the braking requirements and lower coupler height limit. A loaded container on top of an empty, although considerd a rare case because crews are instructed not to load in, this manner, is critical due to the very high resulting center of gravity.ACF gave special consideration to problems anticipated due to loaded car high center of gravity and. light car- weight. Advice from American Steel Foundries was solicited. From this, suspension . and brake design evolved which includes:

a) New design ASF 70-ton trucks incorporating D-7 spring nests, improved damping Ride Control, constant contact side bearings and 16- inch center bowls.b) Empty-load truck-mounted brake system.c) Ten-inch end-of-car hydraulic cushioning.d) Cylindrical tread wheels.
Features developed during the design phase include:

1) Self-storing adapters for longitud- inal/lateral securement of the alternate 35-foot stack-container lading.2) Bulkheads of semi-monocoque design.

\
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Semi-monocoque design refers to a hybrid truss design where the loads are carried in part through panels (steel plates) welded between truss members; rather than carrying the loads wholly through truss members with heavily reinforced joints, as in simple truss design. Thus, with semi- monocoque it was possible to redistribute essentially the same amount of material to more efficiently utilize it as structural reinforcement.Data covering the prototype car are listed in Table 2. The prototype car lightweight turned out to be 52,700 pounds, slightly over the estimated 51,600 pounds shown in the table. One thousand pounds of the excess was found to be attributable to overweight trucks and the remainder due to warehouse purchased steel thicknesses being on the high side of tolerances. Refinement of the design, after post-test fatigue analysis is completed, will result in weight reduction.
PROTOTYPE STACKED CONTAINER CAR STATISTICS/

Length Over Strikers-—------—-—— 63'-10 1/4"Truck Centers ---------------50'-0”Wheel Diameter-—---------.-33"Deck Height ATR at Bolster‘(Light Car) —'-- 3'-5 7/16"Car Width Over Side Sills —-—'----:— 10*-4 1/4"Bulkhead Height ATR (Light Car)----—-i2*-4"Weight of Carbody---- ■— ----—— 27,860 poundsWeight of Bulkheads-— -----———- 7,040 poundsTruck Weight (1WW) ---- ------— 16,690 poundsEstimated Lightweight of Car-------- 51,600 poundsGross Weight on Rails-------—-- 220,000 poundsTruck Capacity (Nominal)--—■—----70. Ton
TABLE 2.

Figure 5 is a photo of the completed and container-loaded prototype car, preparatory to the testing phase of the program. This phase includes a battery of fully instrumented tests to evaluate the design both structurally and operationally. Specifically, these tests include:
1) Loaded car static tests2) Impact tests

3) Loaded car squeeze to one million pounds4) Jack loaded car at coupler5) Torsional rigidity tests
6) Over-the-road environmental test - St. Louis to Oakland via Houston and return.

FIGURE 5.
Extensive strajn, deflection and acceleration data are collected for car performance evaluation. As mentioned, test data evaluation will include additional fatigue analysis, to verify that fatigue failures will not occur. Again, this analysis complies with the Interim AAR Guidelines for Fatigue Analysis of Freight Cars.
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QUESTIONS SESSION V 
Session Chairman - George Reed

Attendee: W. E. Tfantham, MarineElectric Railway Products Attendee's Question: You mentionedyou aria now using NFL type lubricants. Do you have any data available on effect of this lubricant on bearing operating temperatures as opposed to petroleum based greases?
$ • -T. C. Keller: In regard to this question between the two greases, the two greases are M917 Grade B grease that was the AAR standard prior to the M942 which is the improved grease used in NFL bearings. And, I think the primary differences between the two greases are the old grease or the Grade B used a 500 second oil or ,a lower viscosity oil, the M942 new grease uses a higher viscosity oil with nominally about 850 seconds. That's 850 compared to 500 seconds. That's the difference in the viscosity. Also there's some additional minor changes in the additive package in the new grease as well as there being a requirement for stability on the new grease that wasn't existent on the old M917 grease. But the question still has substance in the matter of temperature of, operation in that the higher viscosity oil in the new grease does result in a somewhat higher operating temperature and the quantification Of this that we've done by laboratory means is that it's approximately ten degrees higher for the higher viscosity M942 oil and the M942 grease. Now this on, the face of it is a higher temperature if you have equal quantities of grease, but I will add something that's not asked by the question and that is that the NFL concept visualizes no addition of grease in the field and so in doing this the temperature of operation is considerably reduced because according to our tests one addi

the operating temperature up higher than with the standard amount of new grease. I hope that answers that question. We have not gotten into synthetic lubricants.
Attendee: Pierre Marcotte, CanadianRail ResearchAttendee's Question: Is roller bearinglife significantly affected by the truck hunting problem of freight cars at high speeds?
T. C. Keller: My answer to this isthat anything that increases load on the bearing is going to reduce the fatigue life. Now to quantify this is something else again. Truck hunting is almost standard for most all freight cars and it is difficult to get a comparison between an operation not having truck hunting and one having truck hunting. Also, we know that truck hunting occurs primarily with lightly loaded cars. This tends to minimize the effect on life because the lightly loaded car is not depleting bearing life very fast. But there are side, effects with truck hunting that are not proportionate as far as load effects are concerned. That is truck hunting on light cars causes the very active condition to exist between, for example, bearing adaptor and the side frame and when this condition exists the adaptor |s worn rapidly and the load relationship on the bearing is adversely affected. In addition, this knocking about that the bearing receives tends to loosen seals, cause seals to leak, and it also produces excessive thrust loading which indeed does have an adverse affect on bearing life. But, to quantify it I don't have a specific answer.

. ■ \ .Attendee: C. R. Kaelin, Santa \ FeRailroad i| !'tion of grease to the M917 will bring

George Reed has served as Director of Railroad Sales with ACF since 1972. He is a graduate Engineer with\a BS from Wayne University and an MSE from the University of Michigan. \
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Attendee's Question: You inferredcomposition shoes contribute to truck hunting, you also inferred composition shoes are susceptible to thermal damage of wheels. How do you explain the highOr derailmient rate and wheel failure rate on cars equipped with metal shoes?
R. Beetle: The first part of the question dealt with truck hunting, and I was simply referring to the paper that Paul Garin of the Southern Pacific and Klaus Cappel of Wyle Laboratories, presented in their study of lading damage. They had two classes of cars, similar except for the types of brake shoes and in this case by substituting the- wheels from one car to the other, the phenomenon reversed between the test cars and was attributed to the difference in wheel tread profile. The wheel tread profile differences were attributed to differences in the wear pattern of the wheel resulting from the type of brake shoe. The phenomenon,I think was recognized but not reported in detail as being a brake shoe factor. The fact was that the metal brake shoe apparently allowed normal rail action to shape the tread of the wheel whereas the wear from the composition shoe was sufficient to condition the wheel in a manner that the original taper was maintained and in reality perhaps accentuated some. This was not dealt with in the paper except for the fact of reporting the circumstances.
With reference to thermal damage and the type of brake shoes, we manufacture both AAR standard high phosphorus iron brake shpes as well as AAR high friction composition brake shoes. Both can perform well without wheel damage, however, both can cause problems with over braking. The nature of the two products is that the metal shoe may be more inclined with over braking to five visual heat checking on the tread, whereas the composition shoe tends to induce higher internal stresses. For the same braking effort with composition shoes, stresses may be' 50 percent higher and these are internal in the wheel, without any evidence that can be seen.

About 60 percent of the freight fleet today is equipped with metal shoes, the remaining 40 percent with high friction composition. The high friction composition shoes, of course, are more common on new cars, particularly the 100-ton cars. Studies show that 70-ton cars on 33-inch wheels are doing a greater share of the braking effort than the 100-ton cars on 36-inch wheels. No wheel problem arises when you place a metal shoe, which has lower friction, on a car equipped for high friction composition brake shoesi However, when the reverse situation occurs, where a high friction composition shoe is erroneously misapplied to those 60 percent of the cars that are equipped for metal shoes, you have twice the designed brake shoe load, all the time, on that shoe. Misapplied composition shoes can generate very high internal stresses which can remain in the wheel - without being observed.
A problem may not occur while a misapplied composition shoe is on the wheel. It may be that the next time a shoe (metal or composition) is put on the wheel, or the following shoe after that, that the problem occurs. We made a study early this year and reported to the AAR our concern for the percentage of metal shoe cars that have- misapplied high friction compositiori brake shoes. In a study of over 9400 cars, we showed that on an average,8.5 percent of the cars had misapplied high friction composition shoes. In some particular locations, this rose to almost 12 percent. Each time shoes are applied to a metal shoe car, the probabilities add up that its wheel would be more than likely to have seen sometime in their course of performance, the brake effects of misapplied high friction composition shoes which would have twice the force applied than was intended. With statistics like these, it should be obvious that there will be thermal damage reported for such wheels. We think Corrective measures should be taken and we have so recommended. The problem is there could be a general feeling that this is a "metal shoe problem if there was a metal shoe on the wheel at the time of
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removal, where in reality the problem could have occurred as a result of misapplication of composition sometime previously.
Thank you. I should say that this question is npt one that is limited to the United States because the high phosphorus brake shoe has been evaluated for some years throughout the world, in Europe and in Russia. One prime/ interest favoring with high phosphorus iron brake shoes is the protection of wheels and so they are using them on demanding passenger, commuter, and locomotive applications. But, as 1 say, we are manufacturing both products and we think that both have a future, however, it is import tant to insure that they are properly applied and properly used. Thank you.
Attendee: T. Taylor, Trans-WestAssociatesAttendee's Question: On true unittrain operations, as a practice, we occasionally reverse the direction of the entire train to equalize wheel wear. Could we not improve equal wear patterns by preventive maintenance procedures in rotating each truck, at six- month intervals for example, to make the lead axle set become the trailing axle set? That is change the L4 to R3.
G. Tennikait: By turning the trucksunder each end of the car I suspect that Tern, you're wondering if we could reduce the amount of wheel wear caused by curving. Well, this is one type of wheel wear. In some of the data displayed it was noted that the trailing axle set in the lead truck had the most active truck hunting. And, we'd have to balance that to say whether the truck hunting effect on the trailing axle was worse than the amount of curving and I really couldn't put a handle on it at this time- I think there has to be a lot of over the road study on that Tern. But, to really turn that truck around. . .we do it on our plant cars. We have uni-directional curves in our plant. So we do rotate the truck. But, if you run into

that condition, yes it would help. But oh the over the road running I don't think so because your trailing axle is very active, and, also your trailing truck also has a leading axle. And at that point your end axle on the trailing truck is taking the greater amount of swivel or truck hunting.
Attendee: H. A. List, REA, Inc.Attendee's Question: What tests weremade to establish freedom from cross talk, such as a torsion in the axle?
G. Tennikait: We did this basicallywhen we set up the axle strain gage bridge system by calibration and we, I don't recall now, but we must have had eight or ten trial gage applications where we loaded in torsion in bending at the center of the axle and on the ends of the axles to get rid of this cross talk in the bending. Does that answer your question? We think we took care of it when we set up the original bridge conditions.
Attendee: E. Dailey, Hoppers CompanyAttendee's Question: How is the stiffness of the side frames in the DR̂ I offset by the steering arms?
E. Bailey: This is not too clear to me,but we'll try to see what we can do with it. First, the interaxle lateral stiffness is very low on the conventional truck and it really isn't effected by the side frames that much. The addition of the steering arms with their interaxle lateral stiffness provides the stiffness that is required. On the interaxle yaw stiffness, the elastomeric pads being placed between the bearing adaptors and the side frames and the coupling, therefore, is transferred through the, side frames; but they essentially act as a rigid body you might say ih that respect. So, their influence again is not significant.
Attendee: R. Radford, CanadianNational RailwaysAttendee's Question: Was consideration given to a stacked car to carry four, 20-Toot ISO containers at 45,000 pounds each, thereby requiring 100-ton truck?
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L. Nations: Consideration was givento building the double-stacked container car to handle four 20*s, two 35's, or two 40's. The 20-foot container in our business, the Southern Pacific Company's business, only takes about 10 percent of our effort in the handling of piggyback. We have plenty of cars to handle a 20-footer. We do not foresee the need of double stacking 20-foot containers on a car in order to reduce the train length. It's not that significant a volume with us. For that reason we did not ask that the car be designed to handle them. If we did design the car to handle four 20-foot containers, then you get the bending force in the middle of the car which would add significantly to the total weight of the car. We felt that by designing for four 20's there would not be a significant reduction or Improvement in the tare weight of the car for the handling of 40-foot equipment which is the item that we're truly after, and it would appear to us in years to come that the 40-foot container in domestic containerization of traffic in the United States is the way it's going to go. It's going to be 40- foot or longer and not 20.
Attendee: D. Reynolds, Southern RailwayAttendee's Question: You've coveredther positive applications of the DR-1 truck very thoroughly and I hope you will say something on possible negatives: (I) What happens if steeringarms become bent due to some accident leaving the axles in a permanently yawed aspect? How do you protect against this? (2) What happens when the truck hits a single heavy rail defect? Will it not go into a sustained yaw vibration? Have you tested against this?
Pierre Marcotte: Concerning the badaspects of the truck, we are also very anxious to see what might develop with this truck. This is why we have plans to put some cars in service. Concerning the truck following an accident; the steering arms being bent. I don't think that they could be bent in a yawed position more than they can be

with a standard truck. In fact, there's a rubber elastomeric pad on the side frame which is centered and which tries to maintain the bearing adaptor in the middle of the pedestal opening. If after a derailment they would get bent, they might get bent in a parallelo- gramming position. I don't think it would be worse than a standard car is. What would happen is the wheel wear would certainly be evident on these cars that would be bent.
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F A S T  T R A C K  ST R U C T U R E R ES U LT S  TO DATE AND FU TU R E PLANS

Under a jointly funded, cooperative effort the Facility for Accelerated 
Service Testing (FAST) was. created to determine comparative life cycles of 
railroad systems and components. Track structure systems, rail, fasteners,, 
ties, ballast, special track work and rolling stock are subjected to service 
conditions in a short period of time. This paper describes preliminary track 
structure observations after one year of operation consisting of 129 million 
gross tons and ,70,214 miles of simulated traffic. Under a unique unit train 
type operation five rail types can be grouped as to wear rates on a five 
degree curve. Overall, most track test components are performing up' to 
expectations, There have been some items and maintenance functions which 
have been removed or modified and in some cases low failure rates have been 
experienced. Included are future plans for FAST Loop I for the present test 
and other near-term activities.

BY

R. Michael McCafferty

Executive Summary
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B Y
D . E . Gray

FAST MECHANICAL EQUIPMENT TEST
RESULTS TO DATE -  FUTURE PLANS

Executive Summary ! '
The Facility for Accelerated Service Testing (FAST) is the newest test 

track located at the DOT's Transportation Test Center in Pueblo, Colorado. 
Developed under the cooperative government/industry Track Train Dynamics 
Program, FA S T  allows for the controlled service testing of both track com
ponents and mechanical equipment at accelerated rates up‘ to ten times that 
achieved in normal revenue service;

. Test operations began in September 1976. The mechanical equipment 
tests involve the wear and performance measurements of twelve component 
experiments including wheels, trucks, brake shoes, roller bearings and 
adapters on a total of 89 test vehicles. Two of the test cars are also instru
mented to measure their dynamic characteristics. During the first 11 months 
of operation, the test train has accumulated approximately 66,000 miles. 
Although the mileage accumulated to date has not been sufficient to access the 
comparative wear rates and performance of several of the mechanical compon
ents under evaluation, some have developed definite wear and performance 
characteristics.

The component experiencing the major wear and replacement has been 
wheels. Due primarily to the high percentage of curves in the FA S T  Loop, 
wheel flange wear has been excessive whereas tread wear has been minimal. 
Results for the first 20,000 miles indicate that the rate of flange wear for 
untreated Class U  wheels is approximately twice that for treated Class C 
wheels. Several wheels were removed after 40,000 miles for cracked flanges 
which have been related to flange fatigue resulting from the unique wheel/rail 
wear pattern developed in the curved track sections. Some tread shelling 
and cracking has also occurred.

Results on other components have been less dramatic to date. Some of 
the premium trucks haVe experienced component failures and have undergone 
mitior design changes as a result. One constant contract side bearing design 
has been removed from the test as a result of cage and elastomeric block 
failures.

The current test configuration df 100-ton equipment is planned to con
tinue for a total of 450 M G T  or 230,000 total miles. During this remaining 
period, some of the mechanical measurements will be deleted while others are 
planned to be continued or expanded.



RAIL DYN A M I C S  L A B O R A T O R Y  P E R F O R M A N C E  REQUIREMENTS 
A N D  H A R D W A R E  CONFIGURATIONS

B Y

A. Gross
Executive Summary

The railroad and transit industries have frequently encountered dynamic 
operating problems with their vehicles leading to: injuries and fatalities, 
accidents and derailments, lading damage, excessive maintenance costs, and 
rough train rides for passengers. The Federal Railroad Administration since 
the inception of the Transportation Test Center (TTC) has been dedicated to 
building a Rail Dynamics Laboratory. (RDL) to conduct fundamental research 
in a controlled environment on the many dynamic factors affecting vehicle 
performance and safety. The R D L  at T T C  is near completion and will house: 
the Vibration Test Unit (VTU) and the Roll Dynamics Unit (RDU).

The V T U  shall provide the capability for a 320,000 pound (145,150 kg) 
loaded rail vehicle equipped with two, two-axle trucks or to one truck of a 
vehicle having three or four axles per truck, to the vertical and lateral 
vibrations environments which the vehicle and its components would "see" in 
traveling over track with representative profile and alignment variations. 
Major subsystems of the V T U  are as follows: a) vertical excitation modules
(one for each test vehicle wheel), b) lateral excitation modules (one for each 
test vehicle axle), c) vehicle restraint mechanism (one for each coupler), d) 
support elements such as reaction masses and service structures, e) hydraulic 
pumping and distribution system and f) hybrid control and monitor system.

The R D U  will provide the capability for driving, or absorbing power, 
from the wheel sets of a four-axle 400,000 pound (181,437 kg) loaded vehicle 
or a three or four axle locomotive truck. One roller module shall be provided 
for each wheel set. Through rotation of the rollers, the R D U  will simulate 
tangent track at various vehicle velocities, and will permit investigation of 
vehicle performance on "perfect" tangent track such as truck hunting. 
"Perfect" track is defined as track with no lateral or vertical irregularities. 
Major subsystems of the R D U  are as follows: a) drive trains, b) roller module 
units, c) R D U  support structures, reaction masses and structures, d) vehicle 
restraint system, e) service structures and f) control and monitor system.

Acceptance tests for both the V T U  and R D U  are currently scheduled for 
late spring 1978. These tests are to demonstrate that contract performance 
requirements have been met.

Once operational,. the V T U  and R D U  will permit researchers to perform 
much needed analytical and experimental tests of full-scale locomotives, pas
senger and freight cars, and transit vehicles under controlled conditions. 
Lessons learned in the R D L  should lead to safer and lower cost equipment 
before it is built, not after mistakes are demonstrated, in the field.

\
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RAIL DYNAMICS L A B O R A T O R Y  TEST 
PLANNING, SCHEDULING, A N D  B U D G E T I N G

B Y
Wade D. Borland

Executive Summary
The Transportation Test Center (TTC) facilities have been constructed 

to expedite improvements and solve problems in railroad and mass transit 
transportation. Within this highly specialized center of the Federal Railroad 
Administration, an agency of the U.S. Department of Transportation (DOT), 
the unique dynamic test capabilities embodied in the Rail Dynamics Laboratory 
(RDL) are available not only to D O T  agencies such as the Urban Mass Transit 
Agency and the Transportation Systems Center, but also to other agencies of 
the Federal Government and private industry.

T T C  is an extensive complex of rail test facilities comprised of tracks, 
guideways,. and specialized facilities including the Tank Car Torch Test 
Facility and the Rail Dynamics Laboratory. The Center is employed in prac
tical research and development (R&D) testing of railroad systems, transit 
systems, and other ground transportation concepts with the objective of 
promoting a safe, adequate, economical, and efficient national transportation 
system. This testing is performed in an objective and impartial manner by 
trained’ and experienced personnel without the test vehicle ever traversing 
revenue trackage. These R&D operations play a vital role in obtaining maxi
m u m  return in equipment and track development or upgrading investments.

The Rail Dynamics Laboratory is being activated to investigate one of the 
most complex facets of rail engineering — wheel/rail interactions and vehicle 
dynamics. Currently, the laboratory is in the final stage of a seven-year 
activation period which will result, in the commencement of test operations in 
mid-1978. R D L  testing will be performed for a wide variety of users: the
Federal Railroad Administration (FRA) Office of Research and Development 
(OR&D), the Urban Mass Transit Administration (UMTA) Office of Technology 
Development and Deployment, other Federal agencies, the American Association 
of Railroads (AAR), railroads, and rail equipment suppliers. Since R D L  
users will maximize test results by thorough planning, this paper has been 
prepared to provide information which will facilitate the planning. General 
policies and definitions will be found in the subsequent section; then sections 
oh pretest planning, test program scheduling, test program planning, test 
conduct, and budgeting follow.

i-v



FAST TRACK STR U C TU R E RESULTS TO DATE AND FUTURE PLANS

: BY

R. Michael M cC afferty  
ederal Railroad Adm inistration

Under a jo in tly  funded , cooperative  
e ffo rt the  Facility, fo r  Accelerated S er
vice. Testing (F A S T ) was created to 
determ ine comparative life  cycles of 
railroad systems and components. R ail, 
fas ten ers , ties ,, ballast, special tra c k  
w o rk , tra c k  , s tru ctu re  systems, and 
ro lling  stock are  subjected to long term  
service conditions in a short period of 
tim e. Th is  paper describes p re lim in 
a ry  tra c k  s tru c tu re  observations a fte r  
one year of operation consisting of 129 
million gross tons and 70,214 miles of 
simulated tra ff ic .  Under a unique u n it 
tra in  type  operation, fiv e  rail types  
can be divided into three  groups as a 
function of wear rates on a f iv e  degree  
c u rve . In a few cases, tes t compon
ents have experienced some fa ilu res ; 
how ever, overall most tra c k  te s t sys
tems and components are perform ing to 
expected levels. There  have been 
some initial maintenance operations fo r  
some tes t zones th a t have been modi
fie d . In some cases low fa ilu re  rates  
have been experienced. A lso, in 
cluded in th is  paper are fu tu re  plans 
fo r  the present test variables on FAST  
Loop I ,  o ther near-term  ac tiv ities , and 
a lis t of contributors to the  FAST Pro- 
gram .

INTRO DUCT.IO N/BACKG RO UND

The Facility  fo r Accelerated Service  
Testing  was created to answer near 
term  railroad, problems in a shorter  
time period than revenue service tes ts . 
Full scale tests in a centralized e n v ir 
onment are to determine com parative  
life , cycle performance and to provide  
data to v e r ify  analytical models. FAST  
is a total, systems approach to tra c k  
s tru c tu re  and rail vehicle problem s. A 
one of a kind tes t fac ility  in th e  United

States, FAST is designed fo r testing  
simultaneously tra c k  s tru c tu re s , ra il, 
fasteners , tie s , ba llast, special tra c k -  
w ork, maintenance methods, and rolling  
stock under heavy demand conditions.

The FAST program  is under th e ' 
jo in tly  funded T ra c k  T ra in  Dynamics 
(T T D )  program . Membership to th is '  
international g overnm ent-in dustry  re 
search program consists o f the Associa
tion of American Railroads (A A R ),  
Railway Progress In s titu te  (R P I) ,
T  ransportation Development Agency  
(C an ad a ), ahd the  Federal Railroad 
Adm inistration (F R A ). Early discus
sions and planning fo r  FAST began in 
the fa ll of 1975 and through a gigantic  
cooperative e ffo rt th e  f ir s t  tra in  oper
ations began on September 22, 1976.

Located a t the D O T /F R A  T ran sp o r
tation T est C enter (T T C )  in Pueblo, 
Colorado, the  FAST tra c k  loop was l 
created from existing  tra c k , which in 
some cases was s lig h tly  modified, and 
with new construction. While many 
tra c k  components were in the tra c k  or 
from other FRA research projects, the  
railroad in d u s try  and suppliers p ro 
vided many tra c k  te s t items and the  
use of locomotives, cars , and other 
rolling stock components. FRA funded  
the  tra c k  construction , purchased some 
tra c k  tes t components and instrum enta
tion (inc lud ing  a tra c k  geometry car 
capab ility ) and is fund ing  operation, 
maintenance, and data collection and 
processing. Extensive assistance, 
monitoring of p rogress, and guidance 
is provided from  various sources, 
through the T T D  program .

Task X I of T T D , Phase I I ,  is des
ignated the FAST project ahd p re 
sently M r. W. W. Simpson of the  
Southern Railway is the task chairman. 
A large technical review  group meets

Michael McCafferty is Program Manager of the Improved Track Performance'Research Program of the Improved 
Track Structures Research Division, Office of Research and Development for the FRA. He attended.,the Univerr 
sity of Missouri at Rolla and the University of Missouri at Columbia with B.S. and M.S. degrees in Civil 
Engineering. McCafferty completed his Ph.D. in Engineering at the University of Colorado in 1972. '
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q u a rte rly  to assess progress and con
sider fu tu re  requirem ents.

M any, many people have helped make 
FAST a success. Today the main 
people in the FAST organization at T T C  
(f ig u re  1 ) consist o f: F R A / T T C  -
Greg McIntosh and Pete Cram er; A AR - 
Sergei Guiris and Ron B egier; and O per
ations and Maintenance Contractor - 
Doug T h a rp , Dan Frankowski and 
G urley W alker. O verall program d irec 
tion |s from the heads of the  various  
organizations involved; bu t program  
management (f ig u re  2 ) is p rim arily  the  
responsib ility  o f Don Spanton (F R A - 
Washington) w ith the concurrence of

ment Coordinatng Group (FE C G ) was 
offic ia lly  created to coordinate the  
e f fo r ts  of a newly formed group of re 
searchers term ed Experim ent Managers. 
This  group consists o f Sergei Guins, 
Greg M cIntosh, Phil O lekszyk (F R A - 
Washington) and m yself.

T h e )tra c k  Experim ent Managers are  
divided into f iv e  areas, each with a 
"coordinating head". These five  areas 
and prim ary people are: T rack
System s/M aintenance of Way -  Dick  
M urphy (D O T , T ransportation  Systems

Center (T S C ) ,  Cam bridge, M a s s .), 
Special T rackw o rk  -  Bill C ruse (A A R -  
C o n su ltan t), Rail -  Roger Steele  
(T S C ) ,  T ies/Fasteners  -  Howard MoOdy 
(FR A -W ashirigton) and B allast/S ubgrade  
-  A ndy Sluz (T S C ) . The f iv e  "coor
dination head" rolling stock Exerpim ent 
Managers are  also shown in fig u re  2. 
In many of the  10 experim ent areas, 
more than one Experim ent Manager is 
assisting on the program ; Experim ent 
Manager duties include conception and 
planning fo r fu tu re  tes ts , evaluation of 
ongoing tes ts , and overall experim ent, 
monitoring through the final report 
stage,

FIGURE 2. '

FAST began operation on September 
22, I976, and one year la ter ,129 million 
gross tons (M G T ) and 70,214 miles of 
simulated tra ff ic  have been generated . 
D uring th is  period volumes of data 
have been collected and, following ap
propria te  processing, are being placed 
in a data base at the  AAR Technical 
Center in Chicago. For fu tu re  re fe r 
ence, the  original data are stored a t 
the  Transportation  T est C en ter.

A A R , under contract to FRA, is to 
maintain a data management system and 
when fu lly  operational will provide data  
access fo r those who are in terested . 
Presently  th ere  are several o rgan iza
tions eva luating , to a limited degree ,
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certain  pieces of the raw data . T T C  
is perform ing data quality  control fu n c 
tions, analysis to plan maintenance 
needs, and evaluation of p resent e x 
periments and instrum entation. The  
AAR is working on methods to reduce  
the raw data fo r storage and is looking 
closely a t wheel and rail resu lts . Con
trac to rs  under the FRA Improved T ra ck  
S tructures  Research Program are eva lu 
ating data from specific experim ents, 
fo r example, concrete ties and the  
ballast/subgrade area.

Reports on the prelim inary results  
to date consist of an AAR rep o rt (N o . 
R -2 6 4 ), "Facility  fo r Accelerated S er
vice T e s tin g , Progress Report No. 1" 
dated A pril 1977, and a second pro 
gress rep o rt which is scheduled fo r  
the Fall of 1977. An FRA rep o rt (N o . 
F R A /O R D -7 7 /2 9 ), "T rack S tructures  
Performance" prepared in A p ril and 
dated September 1977 will be released 
sh o rtly .

The FRA report covers more than  
ju s t FAST results and was prepared as 
a resu lt of needs of the FRA O ffice of 
Northeast C orridor Project. O f p a rtic 
u lar in te res t were the comparative eva l
uations of the performance of wood and 
concrete tie  tra c k  systems, th e  p e rfo r-  
mance of concrete tie  tra c k  components, 
the  effectiveness of vary ing  ballast 
ty p e , d ep th , and shoulder w idth in 
improving the  long term tra c k  behavior 
and the  comparison of rail m eta llurgy  
wear ra tes. The above rep o rt includes 
FAST data through as much as 50 MGT 
fo r some of the experim ents.

RESULTS TO  DATE

FAST Loop I is divided into 22 
track  tes t sections (f ig u re  3 ) .  T h ey  
are described in g reater detail in an 
FRA publication, "The FAST T rack"  
dated September 1976 and an AAR b ro 
ch u re , "FAST -  The F irs t Experim ent."  
Some tes t sections are simply transition  
zones between other sections while  
others contain more than one e x p e ri
ment. T h ere fo re , to make comparisons 
or draw conclusions many times more 
than one tes t section must be stud ied . 
While the same basic loaded consist 
operates over the tra c k , in a controlled  
cycle, the point to point d ifferences of

rail lubrication , g rad e , speed, and old 
or new construction must be considered 
in any evaluation .. The  following para
graphs describe resu lts , tre n d s , or 
observations of various tra c k  e xp e ri
ments .

-TCST SECTION DESIGNATION1. Existing Turnout ' IE. Existing Track
2. Rubber Pads; Wood.Ties 13. Rill Metallurgy; Spike Hole Filler .3. Plate Cant; Rail Metallurgy 14. Existing Turnout4. Existing Rail, Field Welded -15. Ballast Shoulder Width,5. Bonded Joints 16. .Glued TurnoUt
6. Steel Ties- 17. Concrete Tibi; Tie Pads7. ' Rall/Tie Fasteners 18. . Ballast Depth'B. ContlnuouŝWelded Rail 19. Wood Ties, Hlrd vs. Soft9. Reconstituted,and laminated-Ties 20. Ballast Type. Depth;'Ra11 Anchors10. Turnouts; Frogi; Spikes; Wheel Fax 21. Welded Tornbift11. Joints; Frogs-, 22. Rail Anchors; Spike Patterns

* FIGURE 3.

T ra ck  sections 1 , 10, 14, 16, and 
21 contain complete No. 20 tu rn o u ts . 
Those in section 10 (tw o tu rn o u ts ) and 
section 14 a)*e s tra ig h t through moves. 
The other tHree are facing point moves 
during  the  Jcomplete operational cycle 
of the train;; All tu rnouts  have re 
qu ired  considerable maintenance which 
was to be expected, to hold good s u r
face. .

Switch point life  can be stated in 
gross terms eis to how often they  have 
been replaced. Variables of lubrica
tio n , new wheel p ro files , and grind ing  
procedures must be considered in any 
qualita tive  conclusion. For example, 
the  standard point in section T  has 
been replaced th ree  tim es. The stan
dard points in sections 16 and 21 were 
replaced at 30 MGT w ith a fie ld  in 
stalled manganese t ip . T h e  one in sec
tion 16 was agdin replaced a t about 90 
M GT. This was due to a  flaw  in the  
material ra th e r than th e  point wearing  
out. The one at section 21 installed at 
30 MGT is still in serv ice . Section 16 
is an all glued tu rn o u t while th e  one
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at section 22 is all welded. We a n ti
cipate th a t maintenance data will p ro 
vide an in s jg h t as to the  re la tive  merjts 
of these types of tu rn o u t construction.

Frogs, which are  located in sections 
10 and 11, are  perform ing similar to 
those in revenue service conditions. 
A gain , considerable maintenance is 
necessary to  reta in  surface. Six of 
the  e ig h t frogs  in section 11 have 
cracked in the  heel o f the  fro g . Two 
have been removed fo r closer observa
tio n . To d a te , th ere  appears to be 
little  d iffe rence  in the performance of 
the  standard cast and hammer hardened  
manganese fro g s .

Bonded and insulated joints in sec
tions  5 and 11 were all installed under 
fie ld  conditions. O ften spot tamping is 
necessary to maintain surface and u n i
fo rm ity  o f service conditions fo r all 
jo in ts . Some jo ints are experiencing  
g rea te r movement between parts than  
others; how ever, all continue to p e r
form satis fac to rily . Continued obser
vation is necessary p rio r to any com
parison between the various types  
under te s t.

Do e l, lam inated, and reconstituted  
wood t. jS on ta n g e n t, jointed tra c k  all 
exh ib it little  tie  plate cu ttin g  and are  
perform ing satis fac to rily . These are  
in section 9 . Section 6 had steel ties  
which were removed a fte r  27 MGT of 
t ra ff ic .  The fas tener system developed 
cracks and could not retain  gage. 
Revenue serv ice  tests exh ib ited  the  
beginning of the  same problem at ap
proxim ately the  same tonnage level. 
The hardwood and softwood ties in sec
tion 19 show little  d ifference in tie  
plate c u ttin g . The  rail has been re 
placed once in th is  section and it is 
hoped th a t the  ties w ill not become 
spike killed before the  comparison can 
be completed.

Spike pull out tests Of cut spikes 
with two types of hole f i l le r  show little  
d ifference to date . Tests o f an elastic  
spike indicate large vertica l forces are  
needed to remove the anchor. These  
are located in section 10 and provide  
both gage and longitudinal rail 
re s tra in t cap ab ility . The  smaller tie  
plate which is a f la t  piece of steel 
(c a n t is in th e  t ie )  has shown some 
tendency to c u r l. F u ture  results may

show increased tie  plate cu tting  as com
pared to the  la rg er tie  p lates. How
e ve r, tests are necessary to determ ine  
the typ e  of wood since these ties were  
supplied with the fas tener system.

Section 2 has a ru b b er pad between 
the tie  plate and wood t ie . Many of 
these pads show a recent tendency to  
flow . I t  does not appear th a t these  
pads will have a su ffic ien t life cycle to 
reduce tie .p la te  c u ttin g .

O f the  eight types of pads in the  
Concrete tie  section (1 7 ) ,  one is not 
perform ing to expectations. i t  is lo
cated on the fiv e  degree curve  on the  
tangent and th ree  degree curve  and 
exhibits various degrees of d e te rio ra 
tion continued observation will d e te r
mine th e  re la tive  perform ance of the  
various pads.

The various wood tie  fas tener com
binations in section 7 , a fiv e  degree  
cu rve , were evaluated fo r gage re ten 
tion and tie  plate c u ttin g . L ittle  d if 
ference could be determ ined except th a t  
the elastic clip had no tie  plate cutting  
a fte r 33 MGT and the others showed 
v e ry  small amounts. A few of the  
heads of one type  fastener broke allow
ing the tie  plate to ride up onto the  
portion le ft on the  t ie . In one in 
stance th is  caused the  tie  plate to 
break. I t  is believed th a t maintenance 
of way equipment in itiated  the  s itua
tion . Due to non-uniform  installation  
of the fasteners and extensive tie  s p lit
ting  from spike k illin g , th is  section is 
being re b u ilt fo r  additional tests of 
fasteners.

T ie  plate cant is varied  in section 3 
from the standard 1:40 to 1:30 and 
1:14. While the  data is scattered fo r  
the five  rail m etallurgy typ es , in gen
eral the gage point wear is g re a te r fo r  
the  rail on the 1:14 cant tie  p la te . On 
the average, little  d ifference in rail 
wear is observed between the other 
two tie  plate zones.

Concrete ties and fasteners in Sec
tion 17 were analyzed previously  fo r  
the Northeast C o rrid o r Pro ject. In 
general the conclusions were (1 )  mea
sured tie  bending moments were lower 
than the American Railway Engineering  
Association Specification requirem ents, 
(2 )  insulator and clip movement and 
breakage has not been a critica l main
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tenance or performance issue although  
component replacement sometimes has 
been necessary, and (3.) large rail 
corrugations are detrim ental to, overall 
performance. . Measured w heel/ra il 
loads ' average 32,000 pounds which 
have produced peak moments of ,130 
and 80-inch kips a t the tie  centerline  
and rail seat, respective ly . V is u a l.in 
spections at 50 MGT of 80 new ties  
found only two ties with ra il , seat 
cracks. Old ties from the Kansas T est 
T ra c k , which were subjected to about 
20 MGT of tra ff ic  and already had small 
cracks, continue to exh ib it acceptable 
performance.

T h e  five  degree cu rve , two percent 
grade area of section 17, has required  
considerable maintenance. I t  is 
thought th a t the rail corrugations even
tu a lly  lead to I1 s o ft"■ spots jn the tra c k . 
This  then creates ballast degradation, 
tie  skewing, and fastener problems. 
Several elastic clips have failed recen t
ly mainly on the gage side of the  low 
r a i l , in a. region of "soft" tra c k  and 
inadequate pad perform ance. Also some 
concrete ties have center cracks in th is  
region. The cracks extend only an 
inch downward and are not considered 
structura l cracks. These were prob
ably the resu lt o f center bound ties  
which occurred in "soft" spots.

All of the. above leads to the con
clusions th a t fo r concrete tie  tra c k  the  
regions of poor support, e ith er due to  
a tem porary jo in t or rail corrugations, 
can produce areas of ballast degrad 
ation and high maintenance re q u ire 
ments .

Vertical and; horizontal tra c k  s t if f 
ness tests have been conducted and 
show g reater resistance to load (less, 
deflection at the  same load) fo r , con
crete tie  tra c k  as compared to wood, tie  
tra c k . Increased vertica l stiffness  
ranged from two to fo u r times the wood 
tie  tra c k . Horizontal pull tests in gen
eral required twice the load fo r con
crete tie  tra c k  as Compared to wood tie  
tra c k  to deflect the  track  0 .25  inches.

Ballast results in terms o f tra c k  
settlement have shown little  d ifference  
with ballast typ e  as a variab le . With 
changes in ballast depth it  is observed  
th a t overall settlement is somewhat 
g reater with increased depth . More

im portant is the  condition of th e  road
bed which a t FAST was e ith er new or 
had gone through th ree  w in ter cycles 
and about 0 .5  MGT of tra ff ic  (old  
t r a c k ) .  Mean rail settlem ent values a t 
30 MGT were 1 .0 2 , 0 .6 3 , and 0 .20  
inches fo r tracks of jointed ra il-n ew , 
jointed ra il-o ld , and continuously  
welded ra il-o ld , respective ly .

Two wood ties were removed a t 40 
MGT in regions of .8 and 16 inches of 
ballast under the t ie . In both cases a 
somewhat center bound tie  was selected 
to attem pt to observe a "worst" case 
condition. The th in  ballast layer had 
about one inch of ru ttin g  and subbal
last fines w ithin 3 inches of the  tie  
bottom. In the 16-inch section no r u t 
tin g  was observed; how ever, fines were  
with 6 inches, of the tie  bottom. Th is  
would suggest th a t the  b e tte r tra c k  
design fo r the FAST support condi
tions is closer to a ballast depth of 16 
inches than 8 inches.

Both ballast and subballast strains  
are being measured. High ballast 
strains were observed fo r  the  f ir s t  2 
to 5 MGT following a tamping opera
tio n . Subgrade settlem ent through 50 
MGT had not stabilized in the new 
tra c k  construction. Pressures under 
both concrete and wood tie  tra c k  at 
the subballast/ subgrade in terface  
w ere. 5 ± 1 pounds per square inch.

Rail m etallurgy experim ents are in 
sections 3 and 13. Five d iffe re n t  
types are being tested in these curved  
tes t zones to evaluate both gage point 
wear and head area loss as comparisns 
between the various typ es . While sec
tion 13 has only fo u r types and 115 
pound ra il, based on data to date , it  
would appear to have b e tte r wear ch ar
acteris tics . This may be due to the  
difference in lubrication in th is  area. 
The h igher observed wear rates on 
section 3 (132-136 pound ra il)  has ap
p aren tly  not allowed the  development 
of shelling which is becoming common 
in section 13.

Figure 4 shows some gage point wear 
data from section 3 on rail w ith in 
creased silicon content on 1:40 tie  
plates. A linear regression analysis 
was’ performed by T T C  s ta ff on all data 
from section 3 to p red ic t replacement 
requirem ents. Figure 5 shows the  gage
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point wear fo r the fiv e  rail types on 
1:40 tie  plates vs . tonnage. The wear 
rates can be grouped into th ree  zones:
(1 )  h ighest-s tan dard  ra il; (2 )  medium - 
fu lly  heat treated  and hi-silicon and
(3 )  lowest -  chrome moly and head 
hardened. While the exact order some
times changes with location on the  
tra c k  or tie  plate can t, the three  
groupings are s ta tis tica lly  s ign ificant.

FIGURE 4.

Traffic-Million Gross Tons

FIGURE 5.

FUTURE FAST LOOP I A C T IV IT IE S

Future  activ ities  and experim ents  
fo r loop I are now being planned by 
the  various Experim ent Managers. I t

is anticipated th a t the present consist 
with fo u r-ax le  locomotives and mainly 
100-ton cars will operate fo r 400 to 450 
million gross tons. This is necessary  
to adequately determ ine the life  cycle  
of various tra c k  components and to  
subject the  ro lling stock to 200,000  
miles of serv ice. For exam ple, ballast 
performance and tie  p late cutting  will 
require considerable tonnage before  
significant d ifferences can be ob
served. Several surfacing operations  
will be needed to determ ine re la tive  
performance of wood and concrete tie  
tracks . Due to the  observed v a r ia 
tions in rail wear around the tra c k , it  
will be necessary to wear out rail of 
d iffe re n t types a t the same location to 
completely address the comparative rail 
wear rates.

FIGURE 6.

Following the above 400-450 MGT 
te s t, it  is planned tb change th e  con
sist to 70-ton cars (locomotive type  is 
to remain constant) and then repeat 
many of the experim ents. This is to 
determine the comparative performance  
of various systems and components as 
a function of the lower axles load en
vironm ent. H opefu lly , th is  will begin 
to answer the question as to which 
system is more economical to operate  
(100-ton ys.  7 0 -to n ).

As a f ir s t  phase under the new Ex
periment Manager concept, all tra c k  
experiments are being evaluated as to 
th e ir  goal/objective and the approach 
being used to obtain the  goal. Data 
collection and analysis techniques and 
requirements are being studied to de
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Chessie Systemterm ine if  they  are adequate and cost 
effec tive . As experim ents are com
p leted , modified or expanded, addi
tional tes t items will be necessary. A 
review  and selection process has been 
in itiated to standardize the  selection 
and definition of experim ents.

Near term activ ities include a re-* 
build of the rail m etallurgy and wood 
tie  fastener tes t zones. Longer seg
ments (200 ra th e r than 78 fe e t)  of d if 
fe re n t types of rail will be joined to 
g eth er with frozen joints ra th e r than  
w elding. I t  is hoped th a t th is will re 
duce the in itial problem of weld fa il
ures and wear d ifferences when plugs 
are inserted with a new rail head pro
file .

Many ties in the  fastener tes t be
came spike killed which destroyed the  
capability to determ ine gage holding  
and tie  plate cu ttin g . T h e re fo re , all 
new ties are planned with a revised  
fas tener scheme. The revised te s t will 
allow removal of worn out rail w ithout 
the  problem of spike k illing ties .

FAST CO NTRIBUTO RS

Since the FAST program was con
ceived there  have been many ra ilroads, 
companies, organizations, and in d iv id 
uals involved. As new experim ents  
are defined the list of partic ipants  will 
continue to grow . W ithout th e ir  con
trib u tio n  the FAST program would not 
be a success in order to continue the  
search fo r answers to today's railroad  
problems.

The following lists constitu te , to 
the  best of my a b ility , those railroads  
and suppliers which are contributing  
to the  program . If  anyone is missing,
I apologize and request th a t it  be 
brought to my atten tion .

C C N TR IB U TQ R S-R A ILR O A D S

Atchison, Topeka and Santa Fe Railway 
Co.

Bessemer and Lake Erie Railroad Co. 

Burlington N o rth ern , Inc.

Canadian National Railways 

Canadian Pacific Ltd .

Chicago, M ilwaukee, S t. Paul & Pacific 
Railroad Co.

Consolidated Rail C orp.

T h e  D enver & Rio Grande Western 
Railroad Co.

E lg in , Joliet and Eastern Railway Co.

Grand T ru n k  Western Railroad Co.

Illinois C entral G ulf Railroad Co.

Louisville & Nashville Railroad Co.

Missouri Pacific Railroad Co.

N orfo lk & Western Railway Co.

S t. Louis -  San Francisco Railway Co.

S t. Louis Southwestern Railway

Seaboard Coast Line Railroad Co.

Southern Pacific Transportation  Co.

Southern Railway System

Toledo, Peoria and Western Railroad  
Co.

Union Pacific Railroad 

C O N TR IB U TO R S-SU PPLI ERS

A . Stucki Co.

Abex C orp.

ACF Industries  (AMCAR D iv .)  
Shippers C arline

A llegheny Drop Forge Co.

Bethlehem Steel Corp.

C . W. Blakeslee & Sons

Brenco, Inc.

Cardwell Westinghouse Co.

C ed rite  C orp.
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C .F .& I .  Steel Corp.

Chemetron C orp.

Colt Industries  (C ru c ib le  Spring D iv .)

Conforce Costain Concrete T ie  C o ., 
Ltd .

Dayton Malleable Inc.

Dow Chemical U .S .A .

Dresser In d u stries , Inc.
Dresser Transportation  Equipment D iv i
sion

E . l .  DuPont DeNemours & C o ., Inc.

Edgewater Steel Co.

Fabreeka Products Co.

Fairmont Railway Motors, Inc.

General American Transportation  C orp.

G riffin  Wheel Co.

G rinaker Precast Ltd .

Harmon Industries  Inc.

Hawker S iddeley Canada Ltd .
Canadian Steel Wheel D iv .

H enry M iller Spring and M anufacturing  
Co.

International T ra ck  Systems, Inc. 
Railroad Products D iv .

Intm a, Inc.

L. B. Foster Co. (W eir K ilby D iv .)  

Lewis Rail Service Co.

Manganese Steel Forge Co.

McConway and T orley  C orp . 

Midland-Ross Corp.

Minnesota Mining & M anufacturing Co, 

Moore & Steele C orp.

NDH Bearing Service

New D eparture  H y a tt Bearings

Newton County Stone Co.

North American C ar C orp.

Pandrol Limited

Pennsylvania Power & L ight Co.

Pettibone C orp.

The Polymer C orp .

Portec, Inc.

Pullm an-Standard

Racine Railroad P ro d u cts ,In c .

Railroad Friction Products C orp.

Santa Fe-Pom ery, Inc.

A . Schulman, Inc.

Servo C orp . of America 

Shell Oil Co.

Standard C ar T ru c k  Co.

Timken Co.

Titanium  Metals C orp . of America 
Standard Steel D iv .

T ra ile r  T ra in  Co.

T ru e  Tem per C orp .

Union Spring & M anufacturing Co. 

Union Tank  Car Co.

U nit Rail Anchor Co.

United States Railway Equipment Co. 

United States Steel C orp.

Vanguard C orp.

V irg in ia  Plastics Co.
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Vulcan Materials Co.

WABCO-Westinghouse A ir  B rake Div  

W arner Co.

Woodings -  Verona Tool Works



FAST MECHANICAL EQUIPMENT  
T E S T RESULTS TO D A TE -F U TU R E  PLANS

BY .

D .E . GRAY

This  paper summarily describes the  
results  to date , a fte r  approxim ately
66,000 miles of tra in  operation on the  
mechanical experim ents being con
ducted a t the Facility  fo r  AcceJerated 
Service Testing  (F A S T ) . Specific re 
sults are presented on wheel flange  
w ear, wheel fa ilu re  modes and premium 
tru c k  perform ance. F u ture  plans fo r  
FAST mechanical tes ting  are also des
cribed .

IN TR O D U C TIO N

As reported in a number of recent 
AAR and FRA technical reports and 
presentations, the  FAST program is a 
cooperative FR A , A A R , RPI research 
program concerned w ith both track  
Systems and mechanical equipment 
components. T h is  paper will be con
cerned with only th e  mechanical equip
ment aspects of the  FAST Program.

The  FAST tes t consist is composed 
of a total of 89 te s t vehicles. Speci
fica lly  they  are made up of the  follow
ing types and sizes. S ix ty -f iv e  of the  
tes t vehicles are' 100-ton open-hopper 
caps- T h ere  are th ree  100-ton capa
c ity  bathtub coal cars and th ree  70-ton  
T ra ile r -O n -F la t-C a r  (T O F C ) units also 
are included. The  remaining I8 test 
vehjcles are 100-ton ta n k  cars.

The typical te s t consist in any one 
day is normally made up of 76 cars. 
The motive power has been typ ica lly  
fo u r , fo u r-a x le  d iese l-e lec tric  locomo
tives provid ing  a tes t tra in  of approx
imately 9,500 total gross tons.

With regard to FAST operations the  
following information is prov ided . The  
FAST tra in  is operated up to 16 hours 
per d a y , fiv e  days per week at an 
average speed of approxim ately 42 miles 
per hour. The remaining e ight hours 
of each tes t day are  used to take mea

surements and perform  tra c k  and ve  
h id e  maintenance.

Each day a block of fo u r test, cars  
are. removed from the FAST tra in  and 
routed to the  shop fo r measurements. 
This shopping cycle is repeated e v e ry  
22 tes t days.

Car position in the  consist is ro 
tated by removing e ight cars from the  
fro n t o f the  tra in  each day and placing  
them a t th e  re a r. In add ition , to  
equalize wear on both tra c k  and ro lling  
stock components under te s t, th e  d ir 
ection of the  tra in  movement as well as 
its orientation are reversed in a fo u r -  
day cycle.

As mentioned above, fo u r cars are  
removed from  the FAST consist each 
day. Depending on which experim ents  
are included on th ese , cars , lite ra lly  
hundreds of measurements are made. 
For example 77 cars requ ire  the  fo l
lowing wheel measurements. T h ree  
types of measurements are made a t two 
locations (180° a p a rt) on each of th e  
eight car wheels. Flange th ickn ess , 
rim thickness and flange he igh t are  
measured using the  Standard AAR  
Finger Gage. Wheel profiles along 
with tread  and rim hardness are also 
measured at these two locations.

T w e n ty -fo u r cars are specifically  
involved in the tru c k  experim ent Of 
which 12 car sets are equally d iv ided  
among fo u r premium tru c k s . T h e  re 
maining 12 car sets are comprised of 
two types of commonly used tru c k s  
under six  10(M on hopper cars and th e  
tru cks  used on t h e , th ree  "B ath tub"  
and th re e  T T X  cars. .As w ith w heels, 
a g reat num ber of measurements are  
made on th e  tru cks  under tes t and in 
clude the fo llow ing: Both wear and
surface hardness measurements are  
made on th e  fric tio n  castings anc| 
mating : surfaces, bolster g ibs , side

Donald E. Gray has served as the Evaluation Program Manager, Office of Freight Systems (R&D) for the FRA since 1976. He received his B.S. degree in Aeronautical Engineering from the University of Maryland (1964), and his M.S. degree in Mechanical Engineering from George Washington University (1971').
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fram e column wear plates and column 
guides. In addition, measurements are  
also taken on bolster and side fram e  
rotation stops as well as bolster and 
transom lateral stops.

T h ere  are 10 o ther component/ 
system areas under investigation in 
FAST and they  too undergo a similar 
measurement and inspection cycle. 
How ever, to date, the amount o f wear 
on these components has not been s ig 
n ifican t or the results sta tis tica lly  s ig 
n ifican t. In addition to the static  
measurements obtained on the  various  
fre ig h t car components, selected cars 
in the  FAST consist have been in s tru 
mented to measure th e ir dynamic re 
sponse characteristics. Both a low 
mileage car and a car normally accumu
lating mileage in the consist were each 
instrum ented with a total of 20 chan
nels of accelerometers to assess the  
effects of the various tra c k  section 
configurations, th e ir wear and the  car 
component wear on fre ig h t car dynamic 
perform ance. An instrum ented w heel-  
set was also installed on the  low mile
age car to measure the dynamic lateral 
and vertica l ra il/w heel loads continu
ously as the car traverses the  FAST  
loop. In addition to running on the  
FAST tra c k , each car is also operated  
on a tangent section of the  Railroad  
T e s t T rack  (R T T )  to provide a re la 
tiv e ly  in varian t reference tra c k  in p u t 
fo r  obtaining car tra n s fe r functions.

RESULTS

D uring  the f irs t  11 months of FAST  
operations, the test tra in  has accumu
lated approxim ately 66,000 total miles. 
The average individual car mileage, 
how ever, is somewhat lower than th is  
maximum due to lost time fo r  scheduled  
car measurement and maintenance shop
pings and unscheduled bad o rd ers . 
Although the mileage accumulated to 
date has not been suffic ient to assess 
the  comparative wear rates and p e rfo r
mance of several of the  components 
under evaluation, others have devel
oped defin ite  wear and perform ance  
characteristics and are discussed in 
the following paragraphs.

Wheel Flange Wear

The component experiencing the  
major wear and replacement to date has 
been wheels. Wheel flange wear has 
been excessive since the  beginning of 
the tes t due p rim arily  to the  high p e r
centage of curves in the FAST Loop. 
In contrast, tread  wear has been min
imal. An example o f the  flange wear 
experienced on FAST is shown in f ig 
ure 1 . Flange thickness measurements 
have been analyzed fo r  a limited pop
ulation of wheels in the  wheel wear 
experim ent.

FIGURE 1. T Y P IC A L
WHEEL FLANGE WEAR ON FAST

For each of th e  variab le  six para
meters (wheel m anufacturing process, 
hardness, one w ear, two w ear, p ro file , 
center plate size, and tru c k  ty p e ) con
tained in the experim ent m a trix , a nom
inal sample of 16 wheels was used to 
compare wheel flange w ear. For each 
param eter considered, an equal mix of 
wheels representing the o ther parame
tr ic  variations was included in the  
sample of 16 wheels. For each 22-day  
measurement cycle, the  mean value of 
flange thickness decrease was calcu
lated. In addition to the  six para
meters identified  in the original exp er
im ent, a comparison was also made to
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determ ine if  th e re  is any s ignificant 
difference in flange wear fo r the two 
types of brake rig g in g .

The only s ta tis tica lly  s ignificant re 
sults to date in th is  experim ent are 
shown in fig u re  2. As shown fo r the  
f ir s t  20,000 miles the rate of flange  
wear on Class U wheels has been ap
proxim ately tw ice th a t experienced on 
Class C wheels.

One .additional phenomenon th a t was 
observed is depicted in fig u re  3. The  
difference between rates of flange wear 
on each axle set of the  tru c k  shown 
was observed on all of the  cars in the  
wheel experim ent and, th e  data on each 
car was typ ical of th a t shown, bu t not 
identical. The exact cause of th is e f
fec t has not been determ ined however, 
it  is generally  accepted as occurring in 
revenue service.

FIGURE 2. COMPARISON OF 
FLANGE WEAR ON CLASS U 

AND CLASS C WHEELS

Wheel Failure Models

A fte r  approxim ately 40-45,000 miles 
a number of wheels w ere found to con
tain small cracks across the  flange of 
the wheel. Th is  phenomenon is de
picted in fig u re  4. A probable cause 
fo r  th is  phenomenon is the unique 
w heel/ra il wear p attern  as shown in 
fig u re  5. This p a tte rn  is due to the  
use of cars w ith the  m ajority of wheels 
having uniform flange heights . Figure  
6 shows an actual cracked wheel flange  
section mated w ith a worn section of 
high ra il. An enlargem ent of the

flange apex (A rea  A ) is provided in 
fig u re  7 .

FIGURE 3. EXAMPLE OF FLANGE 
WEAR V A R IA T IO N  W ITH  

WHEEL POSITION

This  enlargem ent shows th a t on the  
gage side the flange material has plas
tica lly  deformed and small subsurface  
cracks have been id en tified . Th is  p re 
lim inary AAR study has indicated th a t  
the  nucleation of the flange, cracks is a 
subsurface phenomenon associated with  
the plastic deformation of the  wheel 
steel which occurs near the  apex of 
the flange due to w heel/ra il contact in 
th is  area. As mentioned p rev io u s ly , 
such a condition has developed because 
of the  characteristic  wheel and rail 
wear a t FA ST. I t  is suggested th a t  
the flange cracks nucleate from the  
longitudinal cracks which in tu rn  de
velop due to subsurface ro lling contact 
fa tig u e . The phenomenon appears to 
be v e ry  similar to the formation of 
shells and detail frac tu res  in ra ils .

The second fa ilu re  mode th a t has 
been noted is comprised of tread  
cracks and wheel rim shelling . These  
phenomenon are depicted in fig u res  8 
and 9. Th is  condition has ju s t recen t
ly been observed, and investigations  
to date have not resulted in a conclu
sive determ ination fo r the cause of th is  
fa ilu re .

Table 1 gives a summary of the  
total number of wheel sets removed in 
the  32 car Wheel wear experim ent. 
The cause of removal is depicted as 
well as the  d is tribution  according to 
wheel class.
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FIGURE 5. W HEEL/RAIL  
WEAR PATTERN

FIGURE 6. SECTIONS OF 
CRACKED WHEEL FLANGE 

AND WORN HIGH RAIL

FIGURE 7. UNETCHED AND 
ETCHED SECTIONS OF FLANGE 

APEX (AR EA A ) SHOWN 
IN FIGURE 6

FIGURE 8. WHEEL TREAD CRACKS

3 2 0



FIGURE 9. WHEEL RIM SHELLING
TABLE 1. TOTAL NUMBER. OF WHEEL SETS REMOVED IN WHEEL WEAR EXPERIMENT

Cause For Removal Class U Class C
Thin Flange 70 II
Cracked Flange 10 3
Tread Cracks/ Shelling

20 49

Thin Rim 5 1

Over Heated Bearing 2 4

Premium Truck Performance
The results to date indicate that one of the three-piece premium truck designs is experiencing greater gib wear than the other two. One of the other three-piece truck designs has experienced cracks in some of the side frame column wear plates which have since been replaced by the manufacturer. This truck design has also ex

perienced a small number of spring failures. Lastly, the fabricated truck design has undergone changes in the body bearing mount design and the hydraulic snubber design as well as experiencing a number of broken springs.It should be emphasized that the amount of data collected to date has not, been significant enough to draw firm conclusions on the performance of these premium trucks. This data is reported, however > to indicate the type of results that are being achieved in the FAST program with regard to truck performance and that the manufacturers of these trucks are able to take advantage of this FAST experience.
Other Components Performance
As mentioned above, a great deal of mileage has not been accumulated on the test cars in FAST to date, however, other component performance can be reported at this time. For example, some grease loss was reported on one supplier's roller bearing early in the FAST program. As a result of detecting this failure in the bearing seals, the manufacturing process has been modified to include a vibration test as part of the quality control procedure for these bearings. Since this process has been initiated there has not been a reoccurrence of this failure.One of the constant contact side bearing designs has been removed from the FAST test program due to the development of cage fractures and tears in the elastomeric blocks- These failures are being reviewed by the manufacturer. Lastly, there has been some minor deterioration of composition brake shoes due to metal accumulated from the rail and resultant sparking. This is not a typical operational = situation, but is reported for consideration should this phenomenon occur in a unique operational railroad application.

Dynamic Performance
Conclusions related to the objective of quantifying the dynamic response of
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freight vehicles to different track structures are as follows: Variationsin track structures such as ballast shoulder width and depth, spiking patterns, tie material, and rail anchors had little if any effect on truck and carbody accelerations or wheel forces. In contrast, curves greater than 4°, and discrete events such as turnouts had a marked effect on vehicle dynamics. The highest carbody accelerations were experienced on Section #5 of the FAST track which contains unsupported bonded joints. Since truck mode accelerations were moderate to low over this same section of track, it can be hypothesized that this particular track structure excites a resonance in the vehicle suspension system.
FUTURE PLANS
Using the existing consist, which is nominally a 100-ton unit train, the current test configuration is planned to continue, for a total of 400 to 450 MGT which is equivalent to approximately230,000 vehicle miles. With regard to the mechanical experiments it is planr ned that the 32 car set wheel wear experiment will be repeated with the addition of some high flange wheels in the balance of the consist to prevent the unique wheel/rail wear pattern that was encountered in the data shown above.Also, a new concept of management has been added to the FAST program in the form of FAST Experiment Managers. Ten Experiment Managers, five related to track and five related to rolling stock, now have the responsibility to review the existing FAST experiments and plan future experiments. These individuals, have been earnestly working for several months now and the results of their constructive efforts are already being felt.For example with regard to mechanical experiments, the side bearing ex

periment and the brake shoe experiment have been terminated because of the limited speed capability on FAST and the inability to have long periods for programmed air brake testing, respectively. Also, in the interest of efficiency and costs, the truck spring

experiment has been deleted since the AAR mechanical committee has approved the use of alloy springs. Failure rates on springs of both alloy and carbon steel will be maintained to provide assurance on the capabilities of alloy springs.And lastly, in the interest of efficiency and accuracy a large number of measurement fixtures have been designed and fabricated and are being put into service to assure repeatable accurate measurements on components such as center plates, side bearings and gibs.
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RAIL DYNAMICS LABORATORY PERFORMANCE REQUIREMENTS AND HARDWARE CONFIGURATIONS
BY

A. GROSS

This paper describes the Rail Dynamics Laboratory (RDL) facility at the Transportation Test Center (TTC), Pueblo, Colorado. Two unique test machines, the Vibration Test Unit (VTU) and the Roll Dynamics Unit (RDU) are to be housed in this facility to perform dynamic tests of full-scale railroad and transit industry vehicles. Both the VTU and RDU performance requirements and hardware configurations are described.
INTRODUCTION
The railroad and transit industries have frequently encountered dynamic operating problems with their vehicles leading to: injuries and fatalities, accidents and derailments, lading damage, excessive maintenance costs, and rough train rides for passengers. Since the inception of TTC, the Federal Railroad Administraton (FRA), has long recognized the need for a rail dynamics laboratory as a research tool to conduct fundamental research in a controlled environment on the many dynamic factors affecting vehicle performance and safety. While the RDL facility is not fully operational as of yet, the goals _ and objectives through the years of development have remained relatively the same.The RDL goal is to provide a facility to perform dynamic tests of full- scale locomotive, passenger and freight cars, transit vehicles and advanced track systems under controlled conditions. Such a facility will permit the evaluation of various hardware designs in a safe, controlled and reproducible scientific laboratory environment, allowing the performance of a variety of tests with minimal risk to personnel and equipment.

The objectives of the FRA RDL program for the past several years have been to provide an operational facility within reasonable costs which can be utilized by railroad and transit industry researchers in dynamic studies such as: passive and active suspensioncharacteristics; vehicle rock and roll tendencies; component stress analysis; component and vehicle natural frequencies; adhesions; ride comfort; acceleration; braking; lading responses; hunting and analytical model validation as well as supporting causes of derailment.This facility will help to isolate the causes of and aid in the solutions to various dynamic operating problems encountered in the railroad and transit industry. Through study of vehicle dynamics in the RDL, the number of dynamic-related accidents and derailments and their attendant costs should be reduced significantly.
RDL HISTORY
Todays RDL facility is considerably different than FRA originally planned at the inception of the program. Prior to the development of DOT'S TTC, no test facility was available in the United States to extensively evaluate and determine the solutions to dynamic operation problems. Just before 1970, FRA contractor studies recommended a full- scale roller rig (a rail dynamics simulator) with capability to handle cars and locomotives at full speed and power, with vibrations applied through the wheels to simulate track conditions. Representatives of railroads and suppliers assisted FRA in preparing performance specifications for the simulator.FRA engineers opened communica-

Arnie Gross has served as the Rail Dynamics Laboratory Program Manager, Office of Freight Systems (R&D), FRA 
since 1975. He received his BME from City College of New York (1958) and his MSME from Drexel Institute of 
Technology (1967). Gross is also a member of ASME.
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tions with experts in other countries who had operated similar facilities, using their experience in preparation of - the specifications. In order to leave options open for testing advanced high speed systems, such as the tracked air cushion vehicles, the simulator speed capability was designed for approximately 300 mph (483 km/h). The Urban Mass Transportation Administration joined in funding part of the RDL project so that transit vehicles could also be tested in the laboratory and agreed to locate the rail dynamics simulator (RDS) in a laboratory at TTC.

FIGURE 1. RAIL DYNAMICS LABORATORY BUILDING

Rail Dynamics Simulator (RDS) and Subsystems
The high bay portion of the RDL building was to house the RDS as well as, service areas and a vertical shaker. Starting in 1972, FRA let contracts for the following subsystems comprising the RbS:
a. Drive train, which was to provide rotation to the track module rollers;
b. Track module, which was to simulate the tracks on which the test vehicle rests and had the capability to simulate vertical and lateral irregularities;
c. Carriage assembly, which acted as the support and reaction structure for the track module;
d. Instrumentation and control subsystem.
e. Computer subsystem.
f. Communication system.

RDL Building
FRA placed the RDL building construction contract in 1972 for a high bay (the testing area) and a connecting low bay office wing, a two-story structure which contains offices, control room and other facility support areas. The principal dimensions of the high bay are 352* x I08‘ x 65' (107.3m x 32.9m x 19.8m) while the low bay is 264' x 50' x 30' (80.5m x 15.2m x 9.1m).This modern steel and reinforced- concrete: structure RDL building (figure .1). was accepted in April 1974. Some notable features of the RDL building include: a), two high bay 100*-ton overhead cranes for loading and offloading the test machines, b) calibration laboratory for instrumentation, c) electronic shop for equipment repairs and maintenance, d) clean rooms for disassembly, inspection and Cleaning equipment.

A separate contractor was involved with each subsystem.
Vertical Shaker System (VSS).
While the RDS subsystem was in the design phase, FRA awarded a contract to Wyle Laboratories to design and construct a Component/Vehicle Preliminary Evaluation System, later named the Vertical Shaker System (VSS), envisioned as a pre-test tool, prior to complex testing on the RDS. The VSS was to be used for the determination of, rough estimates of response modes and frequencies and for studying the responses of truck assemblies and total vehicles to vertically applied periodic excitation. In 1975, the VSS (figure

2) was activated, it essentially consists of four independently operated vertical -actuators which can be, placed under four wheels of a two axle truck on one end of a rail vehicle. Each actuator can accommodate wheel loads of up to
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40,000 pounds (18,144 kg). The acceleration, frequency, and displacement of these actuators can be varied over a wide operating range to simulate; operating environments of most test specimens.

FIGURE 2. VERTICAL SHAKER SYSTEM
Input capabilities for this system include: a) vertical translation of thetruck and railcar, b) roll motion of the truck and railcar and c) pitch motion between the forward and aft axles sets. Prior to changes in the RDL program that affected the VSS configuration, two test programs were conducted in the RDL on the VSS:
a) The Trailer-on-Flatcar (TOFC) Optimization Program (see figure 3) which was designed primarily to determine the sensitivity of lading response to suspension system component variations and load distribution; andb) The AAR Structural Dynamics evaluation of the TOFC configuration which was structured to collect data for verification of a mathematical model of the flat car; body.

RDL Program Redirection
During the development of some of the RDS subsystems, unforeseen tech

nical problems arose which resulted in severe schedule delays and associated' risks of great concern to DOT.

FIGURE 3. TOFC ON VSS
In mid̂ TS, after the RDL program had continued to encounter R&D development and management problems, a DOT task force review resulted in the redirection of the RDL program so that it could be completed in a timely manner, relatively free of technical risk, and with minimum cost. The RDS was replaced by the Vibration Test Unit (VTU), an upgraded VSS, which will provide vertical and lateral excitation at both ends of a test vehicle, and the Roll Dynamics Unit (RDU); a basic roller rig. The RDS formerly, combined both vibration and roll in ohe simulator. The redirected RDL program now has one prime contractor, Wyle Laboratories, instead of several major contractors.The subsystems and systems which formerly supported the RDS, now as Government Furnished Property (GFP), will be modified for VTU and/or RDU operation, whenever possible. These subsystems/systems included the VSS, drive trains, hydraulic subsystem, integrated computer subsystem network, analog acquisition and control subsystem, and communication system, and structures subsystems. The RDL building floor plan including the VTU and RDU test pits is shown in figure4..

VTU DEFINITION/BASIC REQUIREMENT
The VTU wilI provide the capabil
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ity for subjecting a 320,000 pound (145,150 kg) rail vehicle equipped with two, two-axle trucks or to one truck of a vehicle having three or four axles per truck, to the vertical and lateral vibrations environments which the vehicle and its components would "see" in traveling over track with representative profile and alignment variations.

truck. One roller module shall be provided for each wheel set. Through rotation of the rollers, the RDU will simulate tangent track at various vehicle velocities, and will permit investigation of dynamic phenomena characteristics of "perfect" tangent track such as truck hunting. "Perfect" track is defined as track with no lateral or vertical irregularities.
RDU DEFINITION/BASIC REQUIREMENT VTU PERFORMANCE REQUIREMENTS
The RDU will provide the capability for driving, or absorbing power from A brief summary of the major VTU performance requirements are notedthe wheel sets of a four-axle vehicle here. Table or a three or four axle locomotive hide weight 1. identifies the test ve- and size limitations for

TABLE 1. VTU/RDU VEHICLE WEIGHT AND SIZE LIMITATIONS

Vehicle Length (max) 90.0 ft (27.43m) 108.0 ft (32.92m)
Vehicle Width (max) 12.0 ft (3.66m) 12.0 ft (3.66m)
Vehicle Weight (max) 320,000 lb 400,000 lb

(I45,150 kg) (181,437 kg)
Axle Load (max) 80,000 lb 100,000 lb

(36,287 kg) (45,360 kg)
Truck Center Distance (min) 20.0 ft (6.10m) 20.0 ft (6.10m)

(max) 70.0 ft (21.34m) 80.0 ft (24.38 kg)
Truck Axle Spacing (min) 54.0 in. (1.37m) 54.0 in. (1.37m)

(max) 110.0 in. (2.79m) 110.0 in. (2.79m)
Gauge (min) 56.5 in. (1.44m) 56.5 in. (1.44m)

(max) 66.0 in. (1.68m) 66.0 in. (1.68m)
Coupler Centerline to Railhead

(min) 17.5 in. (0.44m) 17.5 in. (0.44m)
(max) 34.5 in. (0.88m) 34.5 in. (0.88m)

Center of Gravity to Railhead
(min) 18.0 in. (0.46m) 18.0 in. (0.46m)
(max) 98.0 in. (2.49m) 98.0 in. (2.49m)
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VTU. The VSS vertical actuators (as GFP) was the primary factor for the maximum vehicle weight requirements.

FIGURE 4. RDL BUILDING FLOOR PLAN
Table 2 summarizes the vertical and lateral excitation motion requirements.

reasonable daily test period and (c) VTU configuration changes per test vehicle requirements (i.e., different truck axle, spacings, etc.) in a reasonable time period. In addition, system safety requirements have been specified to prevent the VTU from damaging itself, the test vehicle or causing any hazard to operating/main- tenance personnel.
VTU HARDWARE CONFIGURATION
As previously identified, the VTU hardware had to be designed to provide the capability to subject a variety of rail vehicles to vertical and lateral vibratory environments similar to that experienced during over-the-road operations.Owing to the variety of vehicle configurations to, be accommodated, each with a unique set of dimensions associated with such elements as axle spacing, truck center distance, over-

TABLE 2. VTU VERTICAL AND LATERAL EXCITATION• • . i. * . .

Excitation
Vertical Lateral

Frequency Range 0.2 to 30 Hz 0.2 to 30 Hz
Displacement +2"(5.08cm) +1.5"(3.81cm)
Velocity

Acceleration

25 inch/sec. (63.5 cm/sec)
3.5 g's

15 inch/sec. (38.1 cm/sec)
3.1 g's

The VTU is to provide the following types of vibratory motions to the test vehicle: vertical translation, pitch motions, roll motions, lateral translation, yaw motions, time delayed motions, combined rigid body motions, combined time delay motions and arbitrary wheel vibrations. These modes of vibration are shown in figure 5. ,Requirements have been specified from (a) continuous VTU Operation (periods up to 10 hours), (b) time required to start up/shutdown (four hours or less) and thereby permit a

hang, coupler height (in the case of transit vehicle) and inertial properties, a modular approach to hardware implementation was required. In addition to modularizing for the purpose of handling the broad spectrum of vehicles, serious consideration had to be given to ease of reconfiguration in order to minimize test program turn around time.An artist's rendering of one end of the VTU as designed and currently under construction and assembly at the RDL is presented in figure 6. The



VTU hardware as partially shown consists of the following major subsystems:
o Vertical excitation modules (one for each test vehicle wheel)
o Lateral excitation modules (one for each test vehicle axle)
o Vehicle restraint mechanism (one for each coupler)
o Support elements such as reaction masses and service structures
o Hydraulic pumping and distribution system
o Hybrid control and monitor system FIGURE 6. VIBRATION TEST UNIT .

RIGID BODY MOTIONS

• VERTICAL TRANSLATION

• PITCH

• LATERAL TRANSLATION

• YAW

• COMBINED

TIME DELAYED MOTIONS

• VERTICAL TRANSLATION

• ROLL

• LATERAL TRANSLATION

• , COMBINED

ARBrTRARY WHEEL VIBRATIONS

• VERTICAL EACH WHEEL

• LATERAL EACH WHEEL SET

• DISPLACEMENT TIME HISTORIES

MOTION CAPABILITIES 5000 lb Load

FIGURE 5. VTU—MODES OF VIBRATION
The vertical excitation modules (each under independent servo control) are designed around a 60,000 lb (27,216 kg) hydraulic actuator, equipped with a 200 gpm (.0216m':S/,s) high

performance servo-valve. Part of the actuator assembly is an air/oil biasing system designed to support the particular wheel load being tested, such that the degradation of actuator dynamic force capability is minimal. The vertical moving elements are constrained to move in a vertical plane by three
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hydrostatically lubricated journal bearings designed to, carry the attendant transverse forces during operation.The lateral excitation modules (again each under independent servo control) are the most complicated of the VTU hardware elements in that the following parameters had to be accounted for:
o Lateral translation (per axle basis)
o Lateral translation with a phase shift (per truck basis)
o Allowance for out of phase vertical motion (i.e., roll)
o Provision for longitudinal vehicle expansion and contraction as experienced during excitation of the lower body bending modes
o Minimum impact on truck polar moment of inertia
o Allowance for wheel lift-off
The combination of constraints, high instantaneous loads and overall performance demands resulted in a hardware configuration illustrated in more detail in figure 7. The lateral excitation modules are centered around a 45,000 lb. (20,412 kg) actuator assembly equipped with a 70 gpm (.O044rrr/s) high performance servo valve. In this case, oil/air biasing is provided on both sides of the primary moving elements in order to "sandwich" or preload the entire assembly. This approach was taken in order to provide minimum moving weight and roll moment of inertial of the moving elements. The motion capabilities of this subsystem as governed by the overall motion requirements previously identified are summarized below:

AA (In): + 1.78/ - 2.04 (+4.52/-5.18)* 
AB (In): +2.0 (+5.08)*
AC (In): +3.84 (+9.75)*
Ap (In): +0.81 (+2.06)*
Qp (Deg): +6.78 £+.118)**

6R (Deg): +3.85 (+ .067)**
* ( .) Cm ** ( ) Rad

The vehicle restraint mechanism is designed to limit the longitudinal rigid body motion of the test car and minimize spurious forces on the excitation modules. The device consists of a universal coupler adaptor, cable and preloading mechanism, with force measuring capabilities.The support elements such as reaction masses and service structures are designed as permanent or moveable elements as appropriate to react vibratory loads and provide access as required for the variety of test configurations.The hydraulic flow demands of the various excitation modules and hydrostatic bearing elements at peak excitation levels can be as high as 1,000 gpm (.0631mVs) at 3,000 psi (20,684,271 N/nr). This was provided for via three 360 gpm (.0227 m/s) variable volume pumping systems each capable of delivering the rated flow at 3,000 psi (20,684,271 N/nT). The distribution manifolds provided allow for connection of the excitation modules in the required combinations of axles spacing and truck center distance.

FIGURE 7. VTU-MOTION CAPABILITIES
The hybrid control and monitor system will permit the operation of the VTU from the remotely located control room of the RDL. The control consoles provide the approximate devices
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and displays for operation of the VTU in either a manual or automatic mode. This system consists Of two, major subsystems. A digital computer subsystem which will provide synthesized signals representing the "track environment" to the analog control and monitor subsystem in the automatic mode.Portions of this control and monitor system are shown in figure 8. The complete analog control and monitor subsystem is illustrated as well as the master computer operations station.

FIGURE 8.. VTU-CONTROL CONSOLE
RDU PERFORMANCE REQUIREMENTS
A brief summary of the major RDU performance requirements are noted here. Table 1 identified the testvehicle weight and size limitations for the RDU, which is essentially the same as the former RDS requirements. Vehicle speed simulations are specified at3-288 mph (4.8-463km/h) for up to50,000 lb (22680 kg) axle load and3-144 mph (4.8-232 km/h) for 50,000 to 100,000 lbs (22680 kg to 45,360 kg) axle loads with special tolerance, determined by GFP (drive train,) capabilities. Likewise, simulation of, wheel/rail traction forces have been Specified but will be largely determined by modified GFP (drive train) capabilities. •In addition to driving both ends of the two-axle per truck vehicle, or one end of a three or four axle per truck vehicle, the RDU is required to have the capability to simulate steady state curve track operation (minimum curve radius) as follows:

a) . 100 ft. (30.5m) for truck centersof 50 ft. (15.2m) or less.
b) . 150 ft. (45.7m) for truck centerbetween 50 and 80 ft (15.2 and 24.4m).
Requirements have been specified for reasonable times to reconfigure the RDU such as changing gage or axle spacing between rollers, or test vehicles of different length or different curve-radius track. Identical start up/shutdown requirements (four hours or less) have been specified for the RDU as the VTU. During test operation, the RDU operator is only capable of increasing or decreasing the operator speed by manual adjustments. System safety requirements have been specified to prevent the RDU from damaging itself, the test vehicle or causing any hazard to operating/main- tenance personnel. The RDU design capabilities have also been specified for the following future installations:

a) . Body (lateral and roll) exciters toassess the effect of vehicle dynamic motion and forward speeds,b) . installation of equipment for staticloading to simulate the effect of super elevation unbalance during steady curvie negotiations and
c) . automatic control of the RDU,

RDU HARDWARE CONFIGURATION
Like the VTU, the RDU hardware had to be designed to provide the capability to subject a variety of rail vehicles to dynamic tests, necessitating a modular hardware approach. TheRDU, as shown in figure 9, will support and drive (or absorb power from) the wheelsets of a four-axle rail vehicle or a three or four axle locomotive truck. The rotation of the rollers will simulate vehicle speed on tangent track, and make possible the investigation of those phenomena which are independent of track irregularities, such as hunting modes. The RDU can also be configured to simulate steady state curve negotiations on tangent track.The RDU consists of the following
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major subsystems: 
o Drive trains 
o Roller module units
o RDU support structures, reactionmasses and structures
o Vehicle restraint system 
o Service structures 
o Control and monitor system

t.

Each of the four drive trains is powered by a 600 hp (447.6 kw) variable speed motor. There is a master control station for synchronous operation of selected drive trains.The roller module units (RMU), each driven by a drive train, will be equipped with two interchangeable sets of rollers, one set with a 42 in. (1.07m) diameter and a second set with a 60 in. (1.52m) diameter. The smaller set will be used for simulation of vehicle speeds up to 144 mph (231.7 kmph) for axle loads under 100,000 lb (45,360 kg).Each of the two RDU support structures (RDUSS) supports two drive trains and two RMU's. The RDUSS is equipped with air bearings to permit relocation of the RDUSS for various truck center distances and rotation to provide for simulated curves of up to 100 ft (30.48 m) in radius.The vehicle restraint system controls the longitudinal position of the test vehicle, with respect to the RDU. This system consists of a cable, a flexibility element, a preloading device and a load measuring device. A reaction mass and structure are provided at each end of the test vehicle to react the loads generated by the vehicle, and transmitted through the vehicle restraint system.Service structures consist of platforms, stairways and ladders required to provide access to and around the drive trains, roller module units, vehicle restraint systems, and test vehicle.The control and monitor system will permit operations of the RDU from consoles located in the RDL control room.

Speed of drive train rotation is commanded via a thumbwheel switch. Operational parameters are monitored and interlocked to prevent damage to the RDU or the test vehicle. The entire RDU control and monitor console is shown in figure 10.

FIGURE 9. ROLL DYNAMICS UNIT
SPECIMEN DATA ACQUISITION SYSTEM (sdasT : '
The VTU and RDU each have requirements for necessary data collection as implemented by SDAS. Figure 

11 is a general description schematic of the SDAS. Additional data acquisition equipment as follows are available at TTC: (1) calibration scanner, (2)photo motion analyzer, (3) dosed circuit television, (4) video recording capability and (5) acoustic recording and analyzing capability.

FIGURE 10. RDU-CONTROL CONSOLE

331



FIGURE 11. SDAS GENERAL DESCRIPTION

and advanced track systems under computer controlled conditions. Lessons learned in the RDL should lead to safe and lower cost equipment before it is built, not after mistakes are demonstrated in the field.

VTU/RDU SYSTEM ACCEPTANCE TESTS
Acceptance tests for both the VTU and RDU are currently scheduled for late spring 1978. During these tests, Wyle Laboratories, the RDL contractor, will demonstrate that the performance requirements per contract statement- of-work have been met. During this same timespan training of TTC personnel to operate and maintain the VTU and RDU will be conducted.

SUMMARY .
This paper has presented an overview of the RDL's VTU and RDU performance requirements and hardware configurations. At the time of preparing this paper, a large percentage of the VTU and RDU designs were complete and fabrication underway. It is also noted, that when the RDL program was redirected via the DOT Task Force, a finite budget was also imposed. Depending on the final program costs, the final VTU and RDU systems may be different than described in this paper. FRA is doing, all that is fiscally possible to have the RDL facility operational as soon as possible, currently late spring or early summer 1978.Once operational, the VTU and RDU will permit researchers to perform much needed analytical and experimental tests of full-scale locomotives, passenger and freight cars, transit vehicles
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RAIL DYNAMICS LABORATORY TEST PLANNING, SCHEDULING, AND BUDGETING
BY

WADE D. DORLAND

INTRODUCTION
The Transportation Test Center (TTC) facilities have been constructed to expedite improvements and solve problems in railroad and mass transit transportation. Within this highly specialized center of the Federal Railroad Administration, ah agency of theU.S. Department of Transportation (DOT), the unique dynamic test capabilities embodied in the Rail Dynamics Laboratory (RDL) are available not only to DOT agencies such as the Urban Mass Transit Agency and the Transportation Systems Center, but also to other agencies of the Federal Government and private industry.TTC , is an extensive complex of rail test facilities comprised of tracks, guideways, and specialized facilities including the Tank Car Torch Test Facility and the Rail Dynamics Laboratory. The Center is employed in practical research and development (R&D) testing of railroad systems, transit systems, and other ground transportation concepts with the objective of promoting a safe, adequate, economical, and efficient national transportation system. This testing is performed in an objective and impartial manner by trained and experienced personnel without the test vehicle ever traversing revenue trackage. These R&D operations play a vital role in obtaining maximum return in equipment and track development or upgrading investments.The Rail Dynamics Laboratory is being activated to investigate one of the most complex facets of rail engineering --wheel/rail interactions and vehicle dynamics. Currently, the laboratory is in the final stage of a seven-year activation period which will result in

the commencement of test operations in mid-1978. RDL testing will be performed for a wide variety of users: the Federal Railroad Administration (FRA) Office of Research and Development (OR&D), the Urban Mass Transit Administration (UMTA) Office of Technology Development , and Deployment, other Federal agencies, the American Association of Railroads (AAR), railroads, and rail equipment suppliers: Since R:DL users will maximize test results by thorough planning,, this paper has been prepared, to provide information which will facilitate the planning. General policies and definitions will be found in the subsequent section; then sections on pretest planning/ test program scheduling, test program planning, test conduct, and budgeting follow.

GENERAL POLICY AND DEFINITIONS
The purpose of this section is to 

familiarize potential test sponsors and users with the operating procedures involved in test scheduling, test planning, and test conduct at the Rail Dynamics Laboratory. All procedures delineated in this document are in accordance with DOT, FRA, and TTC policies and regulations.The TTC mission is to operate and administer an intermodal center for the conduct of comprehensive testing, evaluation, and associated development of ground transportation systems and their components by DOT organizations, other Government agencies, and related elements of the private sector.RDL is one of the test capabilities of, the TTC. The principal mission is to provide dynamic testing of rail

W ade B o r l a n d  i s  t h e  R a i l  D y n a m ic s  L a b o r a t o r y  M a n a g e r  a t  t h e  T T C . H e r e c e i v e d  h i s  E n g i n e e r i n g  D e g r e e  f r o m  t h e  
U n i v e r s i t y  o f  N e b r a s k a .  H e h a s  s p e n t  m o s t  o f  h i s  p r o f e s s i o n a l  c a r e e r  w o r k i n g  f o r  N A S A  i n  v a r i o u s  c a p a c i t i e s  

i n  r o c k e t  a n d  s p a c e c r a f t  t e s t i n g .  D o r l a n d  w as t r a n s f e r e d  f r o m  N A S A  t o  F R A  i n  M a r c h  1977.
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vehicles using either linear vibratory or rotary excitation of the wheels. Furthermore, the RDL will update test capabilities by advancing test techniques and instrumentation.At the head of the TTC organization is the Director who is responsible for accomplishment of the mission. The line and staff civil service personnel are responsible for overall planning, direction, scheduling, priorities, and funding required to perform the mission tasks. The RDL Manager is responsible to the TTC Director for performance of the associated functions in the RDL. Management, operation, and maintenance of test facilities (including the RDL), support facilities, and related utilities are accomplished by an operations and maintenance contractor who has expertise in track testing and all related disciplines.The Federal staff at TTC assists in the development and approval of the objective, scope, schedule, and relative priority of all testing performed at the Center. Accomplishment of the tests is the joint responsibility of the test sponsor, the operating contractor, and the Federal staff.The Operations and Maintenance (O&M) Contractor is responsible to the TTC Federal staff for the efficient and professional conduct of all test activities, including those in the RDL, and for the attainment of test objectives which result from test planning and coordination as outlined in the next section.A number of terms are commonly used at RDL. Some of these are compiled here for a handy reference:
a. TEST SPONSOR — The Government agency or private group (i.e., commercial firm)

met before and during the course of an RDL test. He also serves as the sponsor point of contact and has access to decision authority relative to test requirements .
b. USER -- The organization that directly utilizes the RDL data. The user is normally under contract to the sponsor but can also be the sponsor.i1. User Representative -- A member of the user organization who coordinates test requirements and agreements with TTC, with the O&M, and with the test sponsor. He also serves as the user point of contact and has access to decision authority relative to supporting coordinated test requirements.
c. TEST MANAGER — The designated member of the TTC Federal Staff who (a) provides the technical interface with the O&M staff at the RDL; (b) coordinates the test requirements and agreements with the O&M, sponsor, and user; and (c) is responsible for the overall scheduling of RDL test machines.
d. TEST ENGINEER -- O&M engineer in charge of accomplishing a test project.

that initiates and coordinates test requirements and provides funding for a test to be conducted in the RDL.
1. Sponsor Representative-- The individual designated by the test sponsor to ensure that test planning and coordination requirements are

e. PRETEST PLANNING CONFERENCE -- A meeting be-, tween the sponsor, user, O&M, and TTC civil service personnel to establish feasibility of testing, define equipment and hardware requirements, delineate responsibilities for further actions, and establish scheduling considerations. Preliminary es
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timates of test machine occupancy time may be made at the conference, but a more detailed study of unique test requirements and costs may be made before a formal estimate and test schedule are supplied. A user test request usually results from this conference followed by a TTC Test Plan.
f. TEST PLANNING CONFERENCE — A conference held prior to the start of a test where the final schedule, scope, and objectives of the test can be firmly established between the sponsor, user, O&M, and TTC and documented in a Test Specification document.
g. PROPRIETARY TEST — A test sponsored by a non- Government establishment (e.g., a railroad, a supplier, etc.) and resulting in test data considered to be the exclusive property of the sponsor. Since the data resulting from a proprietary test is owned by the sponsor who reimburses TTC for the costs of the tests, the sponsor can restrict the distribution of test information; the effective proprietary instructions must be specifically defined by the sponsor.
h. TEST TIME -- The time, measured in hours to the nearest tenth, during which an RDL test unit is being utilized for actual testing of test hardware or data processing as shown in the official test logs.
i. TEST PECULIAR COST — Cost derived from unique requirements for laboratory modification, special instrumentation, unique software, overtime, or other abnormal service, material, or equipment.

j. O&M -- The Operations and Maintenance Contractor which operates and maintains the test and support facilities of the TTC under contract with the Federal Railroad Administration .
k. TEST AGREEMENT -- A for-" mal document defining thesponsor, user, and TTC responsibilities and commitments. A test request and test plan are usually included along with funding provisions. For a Proprietary Test the Test Agreement will be in the form of a contract executed by the Sponsor and TTC; the contract will also delineate reimbursement provisions.
l. TEST READINESS REVIEW — A formal meeting convened three to five days prior to the first test run in a program to assess readiness to proceed with test operations.

PRETEST PLANNING
Maximum schedule flexibility and assurance of meeting the requirements of a test program at TTC can best be achieved through early planning and coordination of test requirements. Experience gained from many rail test programs has shown that proper planning is essential in maximizing the timely benefits of testing and effective application of test results. Therefore, early contact is encouraged for TTC planning and programming assistance in order that years of test experience can be used to help determine what to test, when, and under what conditions.From descriptive documentation on RDL capabilities (i.e., Part II), sponsors and users can generally establish whether a prospective test need can be accommodated. However, factors such as unique test requirements, test unit adaptations, special test equipment, test alternatives, lead time requirements, scheduled commitments, etc., usually necessitate an early meeting
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between sponsor, user, arid TTC to establish feasibility of testing, scheduling considerations, resources allocation, and further planning activities.When the need arises, sponsors and users should contact as early as possible by mail or phone:
Rail Dynamics Laboratory Manager, RTC-1

/ . .■ . - ,, worked out in consultation With all users whose commitment is impacted by a schedule problem.After determining . that a specific test can and should be conducted at the RDL, many decisions and actions ensue. The following items are representative of these activities.The RDL . Manager . will establish:
Transportation Test Center i Pueblo, CO 81001 IPhone (303)545-5660. j
As a result of this contact, the RDL Manager will arrange a pretest planning conference and will establish information requirements to make the conference most productive. The sponsor and user, who should plan on spending a minimum of one day at the conference, should̂ prepare the following information for discussion and review at the initial conference:
a. Objectives and scope of the proposed test.
b. Scheduling considerations.
c. Preliminary test plans to show desired test configurations, test conditions, instrumentation, data processing, reporting, and general test support requirements.

a. Preliminary allocation of test unit occupancy.
b. Extent of TTC support requirements.
c. Whether the O&M should proceed with preliminary planning, engineering, and simulation studies for the test.. (A simulation study simulatesthe test setup with a mathematical model which is used to determine the performance . margin available to safelymeet the test requirements.)
d. The ground rules for further planning on coordination ac-, , tivity.
e. Applicable test peculiar costs.
The RDL technical staff will, determine and coordinate with the sponsor and user:

d. Other considerations thatmight assist the RDL staff in studying the overall test requirements.
Review of this information will be used in an RDL estimate of funding and schedule projections which will be provided to the sponsor and user.

SCHEDULING TEST PROGRAMS
Test projects are allocated RDL test time on a first-come, first-serVed basis. Reallocations resulting from uncontrollable delays, experienced by either user or TTC, will be arranged on the basis of TTC judgment of precedence. Such rearrangements will be

a. Test resources required.:
b. Lead times required.
c. Occupancy time estimates.
d. Recommended extensions of test requirement technical analysis.NOTE: Detailed funding considerations will be coordinated between the test sponsor and the RDL Manager during the planning conference described in a subsequent section.
After the foregoing information is coordinated, the sponsor and user can determine whether to proceed with a formal test request.
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PLANNING TEST PROGRAMS e. T es t vehicle descrip tion .

Proceeding with a tes t will requ ire  
th e  sponsor to in itiate  a formal request 
to T T C  in a le tte r which includes the  
following inform ation:

a. T est t it le .

b . Description of w ork.

c. Requested tes t u n it.

d . Safety considerations relating
"r to tes t vehicle.

e. Desired s ta rt date.

f . T e s t requirem ents ava ilab ility  
(d a te ) .

g . T es t vehicle ava ilab ility  
(d a te ) .

h . Name, address, phone num
ber of user and sponsor re 
presentatives.

i. Data d is tribution  lim itations.

j .  Cost reporting  requirem ents.

• The  description of work in the  tes t 
request should be as comprehensive as 
possible and can be thought of as a 
p re test rep o rt or technical appendix o f  
the  tes t request. The description of 
w ork should include to the fu lle s t pos
sible ex ten t the  following:

a . O bjectives .

b . Scope of excitation .

1. Linear or ro ta ry  v ib ra 
tion .

2 . Frequency or speed
range.

3. Number of v ib ration
modes to be applied.

4 . Vertical and lateral
excitation in p u t com
binations.

5 . A rb itra ry  inputs .

c . Number of runs.

d . Desired schedule.

f .  F ixtures req u ired .

g . Instrum entation.

h . Data reduction requ irem ents .

i. O n -s ite  te s t success c rite r ia .

Prompt T T C  response to . a formal 
tes t request will be accomplished by 
the RDL Manager who will establish 
schedule and resource requirem ents  
commensurate with c u rre n t d irec tives .

This response will be in the  form of 
a proposed tes t plan which consists of 
the test request combined w ith desig
nated statements o f ,  T T C  fa c ility , 
equipm ent, and s ta ff capabilities .to be 
assigned to meet the  requirem ents of 
the test request. The  te s t plan will 
recognize contingencies fo r typical 
schedule slippages dependent upon pro 
ject com plexity. The  le tte r tra n s 
m itting this plan will contain a cost es
tim ate.

Once the proposed tes t plan has 
been incorporated into a T es t A gree
ment approved by the sponsor, user, 
and T T C , the T T C  schedule and re 
source commitment is firm ,- and the  
Center will assure the schedule, te s t, 
and data commitments are met. For a 
p ro p rie tary  te s t, the tes t plan becomes 
the statement of w ork fo r the tes t con
tra c t, and execution of the  contract is 
required to establish schedule and re 
source commitments and to authorize  
O&M planning and tes t preparations.

Detailed tes t planning will also p ro 
ceed upon receipt of the  signed test 
plan. These activ ities  will progress  
with due consideration of tes t complex
ity , lead tim e requirem ents, and d e a r  
definition of tes t objectives.

Upon T T C  approval of the formal 
test plan, a work o rd er number is as
signed, and the sponsor and user are 
authorized d irec t contact w ith the O&M 
Test Engineer. All meetings and coor
dination involving tes t scope, scheduje, 
and resources will include the  Test 
Manager. The coordination of engin
eering and procedural details may b,e 
accomplished d irec tly  w ith the cogni
zant O&M s ta ff under the guidance of 
the Federal T est M anager. The Test
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Manager will be responsible fo r keeping 
the sponsor apprised of status and 
tren d  of tes t activ ities as requ ired  fo r  
overall program planning and schedul
ing.

Once a tes t plan is approved , a tes t 
specification is prepared which details  
the  following inform ation. In genera l, 
pretest conferences provide the  best 
means of fina liz ing  tes t p lanning de
ta ils . The Test Specification should 
include:

a. Objective and scope of tes t 
in deta il.

b . Vehicle configurations to be 
te s te d .

1. Vehicle descrip tion , con
fig u ra tio n , specifica
tions.

2. Lading ty p e , amount, . 
d is trib u tio n , and re 
s tra in ts .

3. F ix tu re  perform ance re 
quirem ents.

4. Detailed draw ings.
5. S tru c tu ra l analysis, if 

an y , req u ired .
6. Hazard analysis.

c. Test run sequences and pro
cedures.

1. Run schedules and ra 
tionale.

2. Excitation in p u t combin
ations and rationale.

3. P rio rity  of various tes t 
points.

4. Vehicle safety monitor
ing requirem ents.

5. A bort and alarm lim its.

d . Instrum entation and data re 
duction requirem ents.

1. Am plitude and frequency  
ranges, accuracies, re 
cording form at, and 
p rio r ity  of instrum en
tation .

2. Locations, orien tation , 
station notations, and 
identification of sensors.

3. Definition of engineering

u n it displays required  
from tes t.

4. Definition of axis sys
tem.

5. Digital recording form at 
requirem ents.

6. Data reduction displays: 
realtim e, quick look, 
and post tes t.

7. Post te s t disposition 
plan.

e. Logistics.

1. Hardw are d e live ry  and 
tes t schedule.

2. User equipment to be 
furn ished fo r the te s t.

3. Post tes t disposition of 
tes t hardw are.

4. User services to be 
made available.

5. Spare parts ava ilab ility  
and acquisition proce
dures.

f . Procedures and reports .

1. Chronology rep o rt.
2. T est un it operating p ro 

cedures.
3. Data handling proce

dures.
4. Safety ru les.
5. Equipment verification  

procedures.
6. Q uick-look review re 

ports.
7. Anomaly disposition.
8. Failure disposition.
9. T est report.

10. D ry  run reports .

A lthough tes t planning fre q u e n tly
merges into preparations with no d is -
cernable tra n s itio n , the T es t Readiness
Review serves to id en tify  the  complex
tion of p re test planning a c tiv ity  (f ig u re
1 ).

CONDUCT OF TESTIN G

The O&M will perform the work as
set fo rth  in the  test plan and in accor-
dance w ith the tes t specification. The  
O&M will cooperate with the sponsor 
and the user to ensure th a t the user
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will be provided maximum fle x ib ility  to 
meet his objectives and to obtain the  
most v ita lly  needed information at the  
earliest possible time consistent with 
safe and e ffic ien t utilization  of the  
RDL.

FIGURE 1. TE S T  
PLANNING WORKFLOW

Variations in th e  approved scope 
and objectives necessary to the  suc
cessful accomplishment o f the tes t may 
be agreed to between the  user, spon
sor, and O&M d uring  th e  te s t, pro
vided time and costs are not affected. 
Deviations from the approved scope 
and objectives whjch impact time and 
costs must be subm itted to the  Test 
Manager fo r approval action. The  
approval of the sponsor will have to be 
obtained in advance. I f  changes are 
outside the  scope of the  te s t plan or 
contract, these documents must be 
modified accordingly.

T es t sponsors are responsible fo r  
assuring th a t user commitments and 
agreements are coordinated and accom
plished during alj phases of testing in 
accordance with T T C  requirem ents.

The amount, k in d , and degree of 
reduction of data will be th a t previous
ly agreed upon a t te s t conferences and 
documented in the  T es t Specification. 
This  does not preclude additional re 
duction of th e  data desired by the  
sponsor , if  such a reduction will result 
in a b e tte r evaluation of te s t results . 
I f  requested, the O&M will fu rn ish  to 
the  user representative  (and sponsor) 
tes t data (p re lim in ary  and u n verified ) 
as soon as th ey  are available. Pre

lim inary and unverified  data are given  
to the user to expedite the use of tes t 
resu lts , and as such they  do not con
s titu te  an official transmission of the  
tes t data. Prelim inary data discrepan
cies should be brought to. the  attention  
of the T e s t Manager, immediately. De
sired changes, in th e  method or amount 
of data reduction must be reflected by  
a modification to the  tes t plan if  neces
sary .

A fte r the  tes t is completed, a com
pilation of th e  tes t data will be p re 
pared in the  specified form , and des
ignated reports  will be prepared and 
dis tribu ted  by T T C .

In order fo r  a sponsor to maintain 
c u rren t knowledge, progress, and sta
tus o f tes ting  and te s t resu lts , f r e 
quent information exchanges and en
g ineering . meetings are encouraged at 
T T C  d uring  the course of tes tin g . 
Such meetings have proven to be in 
dispensable because of the number of 
decision-makjng situations aris ing from  
the testing of complex hardw are w here  
large quantities of tes t data are in 
volved .

Whenever possible, engineering  
coordination can be accommodated when 
sponsor representatives and user re 
presentatives are present at RDL at 
least periodically during  the course of 
actual te s tin g . The RDL control room 
includes, a crew station fo r a user (o r  
sponsor) representative  fo r maximum 
v is ib ility  into the  momentum of a tes t 
operation .. When such presence is not 
possible, the T es t Manager will attem pt 
to maintain close liaison and coordina
tion by. telephone and telecopier.

The planning and conduct of ex 
tended or follow-on tes t programs is 
carried out in the  same manner as des
cribed in the preceding sections. In 
closely spaced tes t program s, however, 
maintaining a knowledge o f tes t lead 
time, requirem ents and test program  
scope is essential in provid ing e ffec
tive  tes t support a t T T C  and p re 
serving schedules in tim e-critica l p ro 
grams. A planned approach and c lear
ly defined tes t objectives and proce
dures are the  keys to success of any  
tes t program .

Although the  O&M is responsible fo r  
safety in tes t preparations and opera
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tio n s , T T C  will discharge its overall 
responsib ility  fo r test safety by main
ta in ing  continuous surveillance of the  
RDL w orkflow. In tes t procedures in 
volving user operation of specialized  
u ser-fu rn ish ed  equipment ( e . g . ,  o p er
ating remote control consoles fo r  tra c 
tion m otors), T T C  will requ ire  the  user 
to cooperate with the O&M in assuring  
safe tes t operations. The user will be 
responsible fo r providing adequate, 
hardw are , applicable hazards analyses, 
and qualified operating personnel. 
T T C  will authorize the O&M to inspect 
th e  tes t vehicle and specialized user 
equipment and to review procedures to 
assure th a t it  has been prepared in 
accordance with tes t documents. The  
T est Engineer will notify  the  user re 
presentative  of discrepancies, and any  
of these which remain unresolved may 
be the basis of a Test Manager deci
sion to delay s ta rt of tes ting .

In the event of a tes t vehicle mal
function which the T est Engineer 
judges hazardous, the tes t operation  
will be delayed pending rectification  of 
the  hazardous condition. Should a 
major fa ilu re  occur, the O&M will re 
move the vehicle from the te s t u n it. 
A determination to extend the  duration  
of an approved test or to cancel the  
te s t program will be made only by T T C  
and the sponsor a fte r consultation with  
both user and O&M personnel.

The tes t operations will be culmin
ated by a post test meeting convened 
by the Test Manager. Th is  meeting 
will review , the test objectives and 
scope with the user and the tes t spon
sor and assure th a t all expected tes t 
objectives were met. Secondly, the  
reduced data will be inspected and d is 
cussed to determine its accuracy and 
usefulness and to ensure th a t both 
sponsor and user fu lly  understand the  
proper in terpretation  of the  data ob
ta in ed . T h ird ly , the content and d is 
trib u tio n  of the final tes t re p o rt is re 
affirmed,. F inally , the views of both 
th e  sponsor and user are solicited re 
garding improvements which may be 
worth making in fu tu re  tests o f a sim
ila r type and how well the objectives  
of the tes t were met.

I t  is hoped th a t by a fre e  exchange  
of information among T T C , sponsor,

user, and O&M, the tes t procedures  
and capabilities of T T C  can be fu r th e r  
im proved. A nother resu lt of th e . 
meeting is the  possib ility  of antic i-.. 
pating fu tu re  needs fo r additional 
tes tin g .

BUDGETING

T T C  operates as a tes t and evalu
ation cost funded organization within  
the budget and accounting operations 
of the Departm ent of T ranspo rtatio n . 
From a user v iew poin t, th is  means thats  
the user must program , budget, and^ 
pay the  costs fo r any services o b - ; 
tained from T T C . Furtherm ore, p ro 
p rie ta ry  users must pay depreciation  
and in te res t on th e  Government invest
ment in the RDL.

Based upon a composite of- internal 
requirem ents and a consolidated pro
jection of user requirem ents, T T C  con
trac ts  in advance fo r  the  levels and. 
types of e ffo rt requ ired  to satisfy p ro 
jected workload demands. T T C  pro
graming and contracting  is v e ry  sensi
tive  to changing customer req u ire 
ments. A ccording ly T T C  should be 
immediately advised of any program  
changes which will a ffec t the nature  
and scope of T T C  support expected. 
Planning and programming between 
T T C  and its users is a continuum with  
each having an obligation to plan to 
gether and to inform each other of any 
program changes.

Once p re test p lann ing , as discussed 
in the foregoing section, has p ro 
gressed to the point of tes t authoriza
tio n , certain  actions to commit re 
sources are necessary. When pretest 
planning between T T C , sponsor, users, 
and the O&M has progressed to a point 
of mutual agreem ent regard ing  what is 
to be done, w hen, and fo r  how much, 
the  T est Manager w ill, following the  
receipt of a sponsor funding o rd e r, 
prepare a tes t specification. This  
document is a compilation of the nego
tia ted  agreements as to how the test 
will be conducted in su ffic ien t detail to 
satisfy the user requirem ents. The  
user or sponsor will approve the  speci
ficatio n , and upon receipt of the ap
proved document, the  tes t project fo r 
mally s ta rts . The O&M initiates in te r-
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nal work orders fo r  commitment of re 
sources to make good th e  project ob- 
jectiveis in keeping w ith schedule para
m eters. Sponsors and users are also 
provided copies of the  T e s t Specifica
tio n .

As changes occur o r pro ject amend
ments are made, a T es t Specification 
Change Notice will be issued. These 
changes are coordinated by the  Test 
Manager w ith the sponsor, user, and 
O&M and are provided to all involved  
parties . G enera lly , the changes are of 
such a nature  as not to req u ire  amend
ing the  fund ing  o rd er or contract; 
how ever, any change in tim e, scope, 
or fund ing  necessarily requires amend
ment to the  orig inal o rd e r.

Upon receipt of the funding order 
or contract, a pro ject fund  code is es
tablished with a lim it o f the  cited 
fu n d s . As w ork is perform ed, the  
cost is reported in te rn a lly  against this  
fund  code. Cost reports will be f u r 
nished to the  sponsor as provided in 
the  T est Agreem ent.

For those tests which are industry  
sponsored where the user intends to 
reimburse the Governm ent d ire c tly , a 
te s t contract w ill, be negotiated, be
tween the user and T T C . The fo l
lowing costs will be included in the  
tes t contract.

a. D irect labor costs (burdened  
with payroll loadings) of the  
O&M.

b . In d irec t labor and miscellan
eous costs which will be a 
fac to r ( e . g . ,  40%) of the
d irec t labor costs.

c. Materials and subcontracted  
services which d irec tly  sup
p o rt the te s t.

d . A depreciation fee fo r the  
Governm ent investm ent in 
the  R DL. (T h is  fee is com
puted on the  basis of logged 
hours of use o f each major 
tes t u n it in the  lab o ra to ry .)

e. An in te res t fee fo r th e  Gov
ernm ent investm ent in the  
RDL. (T h is  fee is also com

puted on the  basis of equ ip 
ment usage in h o u rs .)

I f  the  p ro p rie ta ry  user is w illing to 
share his tes t data w ith the  G overn
ment, then the depreciation and in te r 
est fees may possibly be waived based 
upon a determ ination by the  G overn
ment. Details of the typ e  of costs in 
cluded in each of these categories are  
delineated in appendix A .

In o rd er to guide potential users in 
envisioning tes t budgets fo r RDL o p er
ations, an example has been p rep ared . 
This  example describes a tes t scenario 
which involves the  V ibration  T e s t U n it, 
Specimen Data Acquisition System , and 
the In tegrated  Computer System N et
w ork to perform  a v ib ration  tes t of a 
boxcar, and the example includes 
schedule and cost details . Th is  e x 
ample is described in appendix B in 
briefing  c h art form at.

' APPENDIX A

RDL TE S T BUDGET D ETAILS

T est costs a t T T C  are basically  
categorized as "d irect" which includes  
labor,, m aterials, and subcontracted  
services, or " in d irec t" . How ever, 
some limited services are fu rn ish ed  to. 
the tes t projects where the costs are  
supported by the C enter institutional 
budget. . Identification of specific costs 
as "d ire c t" , " in d irec t" , or " in s titu 
tional" varies with the specifics o f each 
tes t program . Hen.ce> the individual 
items in the following lists should be 
considered as examples of specific costs 
which can fall into a category; accord
ing ly  the categories are not necessarily  
limited to items delineated here.

I . Labor Costs
- -  T e s t planning

Unique or special procedure  
. preparation

Work coordination and co n -, 
tro l
Design and fabrication  of 
special hardw are; i . e . ,  
mounting pads fo r  in s tru 
mentation sensors or c r ib 
bing fo r lading
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Installation (and rem oval) of 
dummy lading
Configuration of te s t u n it 
(RDU or V T U ) to f i t  tes t 
vehicle dimensions 
Installation, connection, and 
checkout of instrum entation  
(including SDAS) 
Configuration of SDAS patch 
panels
Unique software development;
i . e . ,  produce special data  
plotting
Definition and in p u ttin g  of 
variables fo r control and data 
processing software  
Wheel tru in g
Conduct the tes t runs in 
cluding daily tes t u n it s ta r t
up , excite tes t veh ic le, and 
tes t un it shutdown 
Access control if  a dedicated  
guard is required to accom
modate p ro p rie tary  security  
requirements
Photography including s tills , 
television
Data processing and handling  
Logbook keeping and rep o rt  
w riting
Instrum entation removal 
Logistic movement of te s t 
cars to the RDL over the  
T T C  tracks
Calibration of sensors and 
electronic measurement in -  

'  struments
Safety and Q uality Assurance  
surveillance

I I . In d irec t Cost
O&M management and super
vision
Material procurem ent, re 
ce ip t, and d is trib u tio n .

I I I .  Materials and Subcontracted S er
vices

Steel, aluminum, wood, and 
plastic stock and fas ten ers , 
and adhesives to mount in 
strumentation sensors 
Strain  gauges
Dummy lading ( e . g . ,  baled 
wastepaper, or g ra v e l, or 
canned dog food)
Wood, paper, plastic stock 
used fo r cribbing

- -  Materials fo r  special position
ing or loading fix tu re s  

- -  H e a v y -lift  rigg ing  services
Laboratory processing fo r  
color photography (s till or 
movie)

r -  Electrical energy

IV . Depreciation Fee
Depreciation fo r  th e  Government in 
vestment in the following tes t units: 
- -  RDU (Roll Dynamics U n it)

VTU  (V ib ra tio n  T es t U n it) 
- -  ICSN (In te g ra te d  Computer

System N etw ork)
SDAS (Specimen Data Acquis
ition System )

This  fee will be charged on an 
hourly basis fo r  hours involving  
actual tes t time (inc lud in g  s ta r t-u p ,  
test excitation , shutdow n); fo r  each 
tes t u n it the  billed hours will be 
based on usage records in the  test 
log compiled d uring  the  operation; 
The time requ ired  fo r te s t artic le  
installation and storage, and config
uration o f  the  tes t units will not be 
included in actual te s t time fo r  cal
culating depreciation. However, 
the machine time fo r  po s t-tes t data 
processing on ICSN will be b illed . 
RDL building and crane investm ent 
has been partitioned and allocated 
as a portion of the RDU and VTU  
investments;

V . In te res t
In te res t on th e  aforementioned in 
vestments will be charged on an 
hourly rate fo r the same number of 
hours included in th e  depreciation  
costs.

V I .  Institutional
O ther cost elements ( e . g . ,  jan itorial 
services, f ire  p ro tection) related to 
a test pro ject in a peripheral con
te x t will probably (b u t  not neces
sarily  in e ve ry  p ro ject) be con
sidered an institu tional cost.
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APPENDIX B

E X A M P L E  R D L  

T E S T  S C E N A R I O

“B O X C A R  S N U B B E R  E V A L U A T I O N ”

IN TR O D U C TIO N

o Scenario illus tra tes  planning and budgeting with a hypothetical p ro 
p rie ta ry  te s t example.

o Scenario exemplifies significant planning and budgeting details included  
in RDL usage.

o Topics:

Planning Workflow  
Preplanning A c tiv ity  
In itia l Planning Scope 
Reduced Planning Scope 
ROM Cost Breakout 
T est Request Introduction  
T e s t Request Description of Work 
T e s t Plan
T e s t Plan Schedule 
Chronology
Final Detailed Cost Breakout

TEST PLANNING WORKFLOW
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PREPLANNING ACTfV[TY

o In itia l Contact

From a boxcar flee t operato r; F eb ru ary  2 , ; 1977. < „
Perform v ib ration  tes t to determ ine i f  experim ental snubber 
improves ride q u a lity  of a boxcar. ,
Conference set fo r  F eb ru ary  10, 1977.

o Conference In p u t By Sponsor

O bjective is to v ib ra te  typ ica l car (and fra g ile  lad ing ) w ith c u rre n t  
snubber and experim ental 's n u b b e r  and measure improvement in ride  
q u a lity .
Perform tes t d uring  th e  n ext summer. \  -
No defin ition of instrum entation', data processing, o r reporting

o Technical Approach:

Perform a series of freq u en cy  sweeps.
A pply  linear sinusoidal, excitation to various boxcar configurations. 
Assess snubber perform ance by evaluating processed data in tra n s 
fe r  function and mode shape^ form ats.
Perform tra c k  geometry simulations to  complete exc itation .
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TN | TIA L P L A N NIN G SCOP E
o Configurations:

1. , Bare car with no snubber . >2. Bare car with operational snubber3. Bare car with experimental snubber4. Loaded car with no snubber5. Loaded car with operational snubber
6. Lpaded car with experimental snubber

o Vibration Excitations
Sinusoidal frequency sweeps 0.2 to 30 Hertz

1. Vertical Translation2. Lateral Translation3. Pitch,4. Roll, . '•’ 5. Yaw '
6. Programmed Max responses

-- Following are track simulations
7. Geometry Profile 1 (Mild)
8. Geometry Profile 2 (Severe)9. Geometry Profile 3 (Extreme)

o Amplitudes
1. 100% - High
2. 80%3. 60% * Medium4. 40%5. 20%
6. 10% - Low

o Measurements:
-- 16 Car Displacements92 Car Accelerations 

6 Angular Car Rates — 12 Shaker Displacements12 Shaker Accelerations 12 Shaker Forces
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INITIAL PLANNING SCOPE. (COMPLETED)

o Data Processing: ■>'
Transfer functions (amplitude of response/force ratio’vs. frequency and response/force phase shift vs. frequency); all response displacements and accelerations.
Amplitude vs. frequency; angular rates, shaker displacements, and shaker accelerations.

o Run Total:
6 Configurations, 5 Excitations, 6 Amplitudes: 180 Runs
6 Configurations, 4 Excitations, 3 Amplitudes: 72 RunsTOTAL 252 Runs

o On-Site Data Evaluations: 15, 2 days each

o Reports:
Quick-look (no more than 10 pages): one per configuration Final (4 volumes)Volume 1 Volume 2 Volume 3 Volume 4

Narrative, Chronology Processed Data Compilation Photographs"As-run" Operational Test Procedure (OTP)

o Estimates:
Schedule: Approximately 90 days for test operations and vehiclepreparation.Final Report: Issued 6 weeks after final run.Rough-Order-Magnitude (ROM) Cost: $190KCost most sensitive to volume of runs and data processing.
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: . i ~ { SCOPE . REDUCTIONS(; ,

o Cost estimate over sponsor budget, 
o Cut, number of runs substantially.
o Data reduction will be proportional to reduction in number of runs, 
o Reduce reporting.
o Don't reduce configurations, excitations, or instrumentation, 
o Consider reduction in amplitudes.
o Number of data evaluation periods should be reduced appropriately.

REDUCED PLANNING SCOPE

o Run Total:
Configuration 1; Excitations 1-9; Amplitudes 1, 3, and 6: 27 RunsConfiguration 3; Excitations 1-9; Amplitudes 1-6: 34 RunsConfigurations 2, 4, 5, and 6; Excitations 6-9, Amplitudes 2, 4 and 
6: 48 RunsContingency to resolve data evaluation uncertainties: 20 RunsTOTAL: 149 Runs

o Reports:
2 Quick-look reportsFinal test report; data compilation to include results from only 50 selected runs.

o Data Evaluations Reduced from 15 to 11

p Estimates:
Schedule: Approximately 75 daysROM Cost: $130K
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'- ROM COST BREAKOUT

Cost Item
Labor (5000 manhours at $13/mh)
Materials
Equipment Depreciation and interest 
Subtotal
Contingency (approximately 20%)

TOTAL

several options to reduce cost further but finally 7 to $130,000 as minimum test budget to achieve

o Sponsor initiated test request.

o RDL Manager allocated test period: June 15 to September 1; establishedauthority-to-proceed (ATP) milestone as May 1.

TEST REQUEST

o Letter of transmittal
Addressed to RDL Manager.Affirms intent to negotiate contract for test..Transmits test request as attachment.Designates John Smith as sponsor technical representative andJames Jones as Contracting Officer; lists phone numbers andaddresses of each.Requests test plan and cost estimate.States draft requirements available in one month.Signed by Company Officer (E.J. Brown, Vice-President of Engineering).

o Sponsor discussed agreed on March objective.

Amount ($000) 
65 
15 
27 
107

' M  . ■,
130

o Attached technical scope consists of two parts:
1. Introduction2. Description of work
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TECHNICAL SCOPE INTRODUCTION

o Title: Boxcar Snubber Eyalpatipn (BSE)

o Objective: Obtain vibration response data to support evaluation ofexperimental snubber performance.

o Requested Test Unit:
VTU (Vibration Test Unit)ICSN (Integrated Computer System Network) ! SDAS (Specimen Data Acquisition System)

o Test Vehicle Availability: June 1, 1977:,

o Data Distribution Limitations:
Company Private ■
6 copies of reports: 5 to sponsor representative; 1 kept at TTC incontrol led-access storage
3 copies of data plots and tabulations: 2 to sponsor representative;
1 to test engineer

TEST REQUEST DESCRIPTION OF WORK

o Boxcar NO. 123456 with modified trucks and two test sets of snubbers (1 operational, 1 experimental);

o Lading: 50 tons of baled waste paper evenly distributed within volume;cribbed to be non-?resonant below 10 Hertz.

o Instrumentation:
Displacements: Axle end to truck side frame; 8 places truck sideframe to carbody; 8 places shaker; 12 places Accelerations : Along side .displacements,. 28 places : truck bolsters; 14 : body bolsters; 14 : truck and body kingpins; 12 : body mode shape; 48 (8 planes, 6 meas/piane).Angular Roll Rates: Car ends around three axes; 6Shaker Forces: 12
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! BSE RUN MATRIX

Configuration Excitation Amplitudes Runs
1. Bare Car/No Snubber 1. Ver, Tl., 2 Lat. Tl., 3. Pitch, 4 Roll, 5 Yaw

6. Prog. Max. Resp's7. Geo. Prof. 1,
8. Geo. Prof. 2,9. Geo. Prof. 3.

100%60%
10%

27

2. Bare Car/Opera- 6, 7, 8, 9 80%, 40%, 10% 12tional Snubber
3. Bar Car/Exper- imental Snubber 1 through 9- 100%, 80%, 60%, 40%, 20%, 10% 54

4. Loaded Car/No Snubber 6, 7, 8, 9 80%, 40%, 10% 12

5. Loaded Car/Opera- tional Snubber 6, 7, 8, 9 80%, 40%, 10% 12

6. Loaded Car/Experi- 6, 7, 8, 9 80%, 40%, 10% 12mental Snubber
7. Contingency TBD* TBD 20

TOTAL 149

*To Be Determined
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DESCRIPTION OF WORK (CONTINUED)

o Data Processing for Each Run:
Transfer. Functions: Each car acceleration/master force; 1Q4 plots «Each car displacement/master force; 16 plots Amplitude vs.. Frequency: All other measurements; 30 plotsMode shape for 24 resonances; 24 plots.Damping values for 24 resonances; 1 tabulation, 24 values
Total: 174 plots and 1 tabulation stored in data management files jon disc in ICSN i

Inspect, evaluate, and edit, data using data management files in interactive mode through ICSN CRT Terminal.Transfer selected data to evaluation files for correlation with data from other runs.Evaluate and manipulate data in evaluation files using interactive mode.

o No Fixtures Required

o On-Site Test Criteria: Acceptable data from each run as assessed withintwo days by sponsor data evaluation team

o Reports:
Two quick-look reportsFinal test report including hard-copy reproductions of data evaluation

o Miscellaneous:
Still Photographs: Measurement locations, setups, 15 other views ICinematography (24 Frames Per Second): Six runs with significantmotions (4 cameras) 'Closed Circuit Television (CCTV): 4 camerasRigorous controlled access required for control room and data evaluation roomNormal access control required for test area

o Data Evaluation.:
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TEST PLAN

o Defines Boxcar Installation on VTU'
Removal of coupler, brake system, doorsFixture and procedure, outline for snubber installation and removal Fixture, tools and components for lading installation, non-resonant cribbing, and removal

o Defines Time Spans for Test Operating Tasks
Instrumentation sensor installation Car installation .SDAS, ICSN, VTU System operations verification VTU start-up, run execution, shutdown Data processing (per run)Reconfiguration (snubber and lading installation/removal) Specification, procedure, report preparation Car and sensor removal

o qDefines Sensor Types (including size and sensitivity)

o Schedule (next sheet)

o Letter of Transmittal
Affirms occupancy time allocation Detailed cost estimate enclosedContract form enclosed signed by TTC Contracting Officer Proposes date for planning conference Addressed to company officer Signed by RDL Manager.
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SCHEDULE

I JUN I JUL I AUG I SEP I OCT I NOV I
MILE- A  A - A  ■ A
STONES ATP . TRR « TC FRI

L __111’ REQ’TS, SPEC., OTP
PREPS □  AQLR #1

BARE CAR RUNS l I
LOADED CAR RUNS I J  AQLR #2

CONTINGENCY RUNS □
DISASSEMBLE SETUP □

FINAL REPORT l I

CHRONOLOGY

o Negotiating C ontract took longer than expected; resu lt was delay in A TP  
(A u th o rity  to Proceed) to July 7 , 1977.

o Subsequent planning and tes t operations ran close to tes t p la n . time 
lines.

TR R
Bare C ar Runs Complete 
Loaded C ar Runs Complete 
Contingency Runs Complete (T C )  
T est Disassembly Complete 
Final T es t Report Issued (F R I)  
Final Cost Report Issued 
Government Reimbursement Paid

o Technical objective achieved with few data anomalies

Sept. 6 , 1977 
O ct. 17, 1977' 
Nov. 10, 1977 
Nov. .29, 1977 
Dec. 8 , 1977 
Jan. 17, 1978 
M ar. 16, 1978 
May 1 , 1978
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SU M M A R Y  G O S T

Labor*

In d irec t (40% of Labor)

M a teria l/O th er  

Depreciation and In terest 

TO TA L

NOTE: *Labor calculated w ith average ra te ;
te s t, payroll data would be used.

1.

2.

3.

4.

5.

6,

7.

D ETAILED LABOR BREAKOUT

ITEM
NUMBER RATE  
OF HOURS ($ /H O U R )

Planning and Pretest Analysis 600 8 .85

Work Planning and Control 390 8 .85

Reports 363 8 .85

F ixture  Design 120 8 .85

Test Preparations* 1128 8 .85  '

Test Operations  
(including overtim e)

3301 8.85

Cross-Charges  
(ca lib ra tion , photo, C C T V , 
f ix tu re  fab rica tio n , rail 
logistics)

280 8 .85

8. Safety and Q uality  Assurance 360 

TO TA L 6542

8.85

in c lu d in g  instrum entation, installa tion , system preparation  
disassembly.

$ 57,898  

$ 23,159  

$ 11,350  

$ 29,632  

$122,039 

fo r actual

LINE TO T A L
($ )

5310

3452

3213

1062

9983

29214

2478

3186

57898

reconfiguration ,
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D ETA ILED  M A T E R IA L S /O TH E R -D IR E C T COST BREAKOUT

ITEM—  j ;

1. Sensor Mounting Blocks

2 . Dummy Lading and C ribb ing

3. F ix tu re  Materials

4. Data Processing Supplies

5. Photo Processing

6. Electrical Energy

TO TA L

Q U A N T IT Y  
AND RATE

150 @ $1 each

Lump sum

Lump sum

Lump sum

Lump sum

164 Megawatt-Hours  
@ $19.50/MW HR*

LINE TO TA L  
($ )

150

2150

875
>

4150

825

3200

11350

*M egaW att-Hour

D EPRECIATIO N AND INTEREST FEE BREAKOUT

NUMBER RATE
■ r ’R

LINE TO TA L
ITEM OF HOURS ($ /H O U R ) ($ )

1. VTU 168 117.03 19661.04 r,

2. SDAS 168 18.63 3129.84 W

3. ICSN 199.5 34.29
! y * u -

6840.85
o i D

4. RDU Not Used 112.37 -O rd iko )

TO TA L 29631.73: >

ROUNDED TO TA L 29632 .

NOTE: Rate will increase as investment in upgrading is added.
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o Scenario uses hypothetical boxcar v ib ration  te s t to illu s tra te  key points 
to be considered in RDL te s t planning and budgeting .

( , SU M M A R Y  . .

o

o

o

Vital
,i>W
tiseJ

components of te s t request delineated.

.vRDLTcost elements, rates and magnitudes delineated.
i i , .

Typical lead time denoted.

o No actual tes t will simulate scenario since effects of several minor 
technical and planning complexities have been eliminated fo r  b re v ity .

o Sponsors with specific problems are invited to contact the RDL Manager 
' -to a rrange a preplanning conference and ROM cost estim ate.
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QUESTIONS SESSION Vl

Session Chairman Sergei G; Guins

A ttendee: R. A . Boerke, North Amer
ican C ar C orporation.
A ttendee's Question: References to
specific components in your paper 
avoided m anufacturers' names. Th is  is 
probably good policy to avoid prema
tu re  judgm ent based on prelim inary  
data which is not qualified by other 
related conditions. Will the  final re 
ports fu lly  id en tify  such failed com
ponents?

D. G ray: I f  I understand the ques
tion p ro p e rly , in the donor's agree
ment fo r  FA S T, i t  was agreed th a t the  
suppliers of equipment would be given  
copies of th e ir  resu lts , how ever, the  
results o f o ther suppliers would be 
coded so th a t only the  generic name 
would be available. So, it would not 
id en tify  m anufacturers in th e  published  
resu lts .

A ttendee: J. B . Sm ythe, O ffice o f the
S ecre ta ry , D O T.
Attendee's Question: What differences
in th e  q u an tity  o f tra c k  maintenance 
between the  d iffe re n t tra c k  types has 
been noted, and what conclusions can 
be drawn from these data . In p a rti
c u la r, concrete versus wood ties .

M. M cC afferty : T hat's  an interesting
question. T h e  fa c t th a t w e're a t only  
130 NIGT means, o f course th a t it's  a 
fa ir ly  short time period. For most 
good tra c k s , you would not be doing 
an o u t-o f-fac e  maintenance operation. 
That's  basically the  case in FAST in 
th a t th ere 's  been spot maintenance 
done, in some sections. B ut you can 
fin d  o ther sections, fo r example the  
two tangent sections of continuous 
welded rail and jointed ra il, where 
there 's  been no maintenance. FAST 
has the  o ther complex situation w here  
some of it  was new tra c k  and some of 
it  Was old tra c k . For the new tra c k ,

a fte r  a ru n -in  period of about fiv e  or 
six M GT, th ere  w a s , a skin l i f t  iand a 
Complete retam ping. So, it's  d iffic u lt  
to go |n and look a t the  data itse lf and 
say there 's  so many m an-hour§aspent 
on this section and so many spent on 
th a t section. I th in k  th e  major th ing  
th a t is obvious to most people., is es
pecially th a t once you 've got a broken  
ra il, you've got to g et in and perform  
a field  w eld. I f  you leave a jo in t in 
concrete ties fo r a w hile , it  wjlJ-j,;end 
up a bad piece of tra c k . The longer 
you leave it  in , the worse it gets. 
The worse it  is , the longer i t  Takes tp 
get it  rehabilitated back to a goodosec- 
tio n . The  same is tru e  of the rail 
corrugations. I f  you let them get too 
b ig , you s ta rt getting  a problem , 
again The worse the problem gets , the  
harder i t  is to bring  it  back. Some of 
fhe. d ifferences between concrete and 
Wood are in maintenance operations. 
The concrete ties themselves, of 
course, are deeper, th ey  weigh more; 
there fo re , you've got to make some ad
justments to the tam per in o rd er to get 
the  tie  tamped up in o rd er fo r it  to 
give you good tra c k . We are collect
ing all the data , all the  m an-hours, all 
the resources expended; and as we get 
on through a complete life  cycle, I 
th in k  we'll know a little  more about 
what the overall economics might be.

Attendee: R . A . B oerke, North Am er
ican Car Corporation.
Attendee's Question: Descriptions of
both the  VTU  and RDU show an upper 
lim it of 98 inches fo r center of g ra v 
ity . Is th is  actually  a mechanical re 
s tra in t on the tes t equipment or does 
it  simply re flec t AAR regulations?

D . deBenedet: N in e ty -e ig h t inches is
a ten tative  design param eter. H igher 
CG's can be handled, bu t you w ill have 
to reduce the  magnitude of lateral ac-

Sergei G. Guins is currently acting as AAR Director of the FAST Project at the Department of Transportation 
Test Center in Pueblo, Colo. He is a graduate of the University of Michigan with a BS in Aeronautical 
Engineering and an MS in Applied Mechanics. He retired from the Chesapeake and Ohio Railroad in 1970, as 
Assistant Director of Research.
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celeration in o rd er to not overtax' a 
re s tra in t system which has been b u ilt 
into the VTU configuration to prevent 
overturn in g  in case of prime power 
fa i||jre$ . W hether th a t's  an absolute 
lilflit/ I couldn 't answer in terms of 
AAR regulations. B u t, the  machine 
would only have to be limited in terms 
of fiejS? much excitation you introduce  
l^ te r | l j^ s You could go to 100-inches  
or Idmetfoing h igher with a commensur
ate .in d u c t io n  in lateral in p u t. The  
RDU has no problem in h igher CG's. 
Note: M r. D . deBenedet is the RDL 
Program Manager at Wyle Laboratories, 
Colorado S prings.

Attendee: G. P la tt, Phillips Petroleum
Co.
A ifehdee's Question: What plans have
beep made fo r combined tests from d if 
fe re n t Suppliers or requesters?

W, Dorland: . The  answer to th a t one 
is easy, none. We are soliciting tes t 
ideas. The C enter itse lf will not spon
sor tests. We are a perform ing organ
ization. Tests of th a t nature  I would 
like to see come to us from RPI or 
AAR , We’d be most receptive to devel
oping a management plan fo r combined 
tests much as is done on FAST.

Attendee: G. L iebig, Surface T ra n s 
portation In ternational.
Attendee's Question: In your evalua
tion of tru c k  components have you ob
served accelerated center plate wear? 
Is I6 *ih ch  diameter b etter than smaller 
diaijilfjers? A re wear liners effective?  
Also/ is car body center plate wearing  
comparably?

D . Gray: I don 't th in k  to date we
have enough data th a t really  indicates 
if  there 's  any significant d ifference be
tween the 14-inch Or 16-inch center 
plate.

Attendee: P. M arcotte, Canadian Na
tional Rail Research.
Attendee's Question: I believe th a t
actual measurements of a tru c k  position 
and tracking  a ttitu d e  of the tru c k  in 
the curves would be of g reat help to 
analyze the w heel/ra il wear problem. 
A re there  any plans to acquire any

such instrum entation fo r FAST ;tes ti in 111 
the fu tu re?  ' 1 1: >i

S . Guins: T h e re  has been a question ! i
o f how various car configurations and j 
car location in the  tra in  a ffec t lateral i 
forces. A special; tes t is being , p lan
ned to attem pt to resolve th e  above 
question. D uring a normal tra in  opera
tio n , data will be collected fo r ten laps. 
The instrum entation will consist of 
Battelle tie  plates and stra in  gages on 
tfie  ra il. While th is  type  of in s tru 
mentation may not g ive us absolute 
Values, we should have a good re la tive  
values.

A ttendee: H. A . L is t, REA Inc.
Attendee's Question: What is your
present wheel profile  strategy?

D. G ray: Well, as I mentioned, w e're
planning to repeat the  wheel wear ex 
perim ent. In itia lly  when we were com
paring the standard AAR pro file  with  
the CN p ro file , the CN pro file  w asn't 
available fo r some of the wheel h a rd 
nesses as tested . As a re su lt, we had 
to tu rn  these from the AAR standard  
p ro file .

In these next series of tes ts , w e're  
planning to get some new CN wheels, 
treated  wheels, with a new CN p ro file . 
We'll also run a few of the ones tu rn ed  
from the  AAR profile  to see if  in fac t 
th e re  is any d ifference in the w ear.
As I also mentioned, w e're planning to 
add some worn wheels (deep flange  
wheels) to hopefully control the  wear 
pattern  we had with the lip build ing  
up on the  gage face of some of the  
curve portions of high ra il.

A ttendee: F. Houser, Railroad Re
search Information Service.
Attendee's Question: A re RDU tangent
and curve  tes t modes separate or can 
movement of vehicles into and out of 
curves be reproduced?

A . Gross: The design requirem ent fo r
the Roll Dynamics U nit (R D U ) is essen
tia lly  fo r two d is tinct conditions, the  
tangent tra c k  and fo r a steady state  
curve  condition. The RDL user could 
tes t his vehicle in e ith er or both of

358



these te s t conditions. The  RDU can
not instantaneously switch from one to 
another te s t condition.

A ttendee: D . Sm it, General Motors
C orp .
A ttendee's  Question: In FAST there
are  some 22 sections' o f tra c k  being 
te s te d . Has th is  caused any apprec i
able delay in running the  tra in  due to 
the  construction of track? | f  so, has 
consideration been given to a parallel 
tem porary  tra c k  construction to fa c ili
ta te  testing  continuance while recon
struction  of the affected tra c k  section 
is completed?

M. M cC affe rty : I th in k  it's  an obvious
yes! O f course, it  causes problems.
I f  you shut , down, you can 't run the  
tra in . We've got th a t situation r ig h t  
now, and w e're not able to show you 
th e  tra in  running over the  tra c k . We 
do have the  conflict th a t exists be
tween the high speed 14-m ile loop and 
th e  FAST loop. We are  in the  process 
of bu ild ing  a bypass a t th a t point. We 
had n o t, I don 't th in k , considered a 
bypass p rim arily  because of fu n d in g . 
B uilding basically a second 4 .8  mile 
loop would cost in the area o f a million 
or so do llars . O ur budget ju s t doesn't 
allow th a t typ e  of an operation.

S . Guins: In th is  type  of accelerated
te s tin g , i t  is v ita l th a t in comparing 
e ffe c t of various equipm ent or tra c k  
operating conditions must be kept as 
constant as possible. Th is  means th a t  
tra in  speed, tra c k  cu rva tu re s , etc. 
must be maintained as nearly  constant 
as possible. With as many d iffe re n t  
sections as we have, all wearing out a t 
d iffe re n t tim es, double track in g  would 
be im practical.

A ttendee: D . S ifiit, General Motors
Co.
A ttendee's Q uestion: Is th ere  in terest
a n d /o r  a plan to u tilize  the  FAST te s t
ing as a means of focus on research  
and development to a ffec t new failsafe  
designs fo r ra ilroad components?

S. Guins: A t present th e  rules are
th a t we don 't tes t anyth ing  th a t hasn't 
been approved by one of the  AAR com-~

m ittees, or at least given ten ta tive  ap
proval. B u t, obviously , as we p ro 
ceed th ere 's  going to be newer com
ponents being in troduced. We have 
requested a t th is  stage to in troduce a 
varie ty  of additional types of wheels. 
We've been only testing  Grade C and 
Grade U wheels, th e re  are requests to 
include some Grade B wheels and 
Grade C wheels o f d iffe re n t types of 
heat treatm ent. So, we are going to 
do some developmental work as we go 
along p rio r to in troducing these com
ponents, but it's  going to go through  
the normal bureaucracy th a t we have 
to face. You know these components 
will be submitted to the AAR commit
tees, fo r example, in wheels it  will go 
to the WABLE Committee. The WABLE 
Committee will review  the proposal, 
recommend w hether we do or d o n 't, 
then w e're going to have to see, fo r  
our Experim ent M anagers, how it  fits  
in the program , how i t  fits  in our f in 
ances and tim ing , and gradually  they  
may be included as some of th e  wheels 
wear out. I th in k  th is  will apply to a 
varie ty  of o ther components. So, the  
answer is yes and no.

Attendee: A . K ra u te r , Shaker Re
search Corp.
Attendee's Question: D uring steady
state curving  runs on the RDU, how 
does the run cause the  simulated o u t
side rail to move fa s te r than the inside 
rail?

A . Gross: I th in k  you pointed out a
feature  where the  RDU has some limi
tations. What we plan to do fo r curve  
simulation is to have the  outside rollers  
of a la rg er diam eter than the inside 
ro llers . This would cause the simu
lated outside rail to move fas te r than  
the inside ra il.
Attendee: No Name Given
Attendee's Question: Data iden tify ing
the cause fo r wheel replacement in d i
cates a s ign ificant improvement in th e  
treated  wheels over th e  untreated  
wheels in all categories except fo r  
cracks and shelling . Is the  compari
son based on usage of an equal num
ber of wheels and is th e re  any e ffo rt  
underway to co rrect the  cracks and 
shelling on the  trea ted  wheels?
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D. G ray: I had mentioned when I
showed the slide th a t the num ber of 
C Class wheels or I should say th a t 
the  mileage fo r the C Class wheels was 
g reater than some of the  U Class 
wheels because of the  obvious replace
ment due to th in  flange w ear. Probab
ly  a better way to; have shown this  
comparison would be on equ ivalent mile
age. As fa r  as correcting th e  shel
ling , I th in k  th a t in revenue service it  
has been shown fo r about th e  same 
equivalent mileage ( I  th in k  was about
50,000 miles) fo r th a t u n it coal tra ins  
where they  . were half empty fo r  half 
the time this is roughly comparable to 
shelling, th a t th ey 've  seen as w ell.

S. Guins: One of our problems is lack
of experience in in terpretation  of AAR 
definitions as w ritten  in the  wheel and 
axle manual. Railroads have people 
who specialize in th is area . Lack of 
th is  experience and the  desire to ex 
tend the life of wheels in the  consist 
caused early  removal of wheels with  
indication of thermal cracks and shel
ling . In the fu tu re , we will have a 
more precise definition fo r the  Test 
Center to use.

Attendee: M. F. Hengel, Missouri
Pacific Railroad.
Attendee's Question: Does the test
tra in  operate in the  speed range of 10 
to 22 miles per hour fo r any substan
tial period of time? I f  so, have any of 
the  usual operating characteristics  
associated with th is speed range been 
observed?

things th a t I th in k  Mark is d irecting  
his attention  to . We did have some on 
occasions where we had a softness on 
th e  tra c k  on occasions, bu t th is  hasn't 
been continuous enough to rea lly  see 
the  rock and roll problems. 
A ttendee: M. Jacobs, Federal Railroad
A dm in istratio n .
A ttendee's Question: What plans are
being made to obtain a constant set of 
locomotives fo r FAST?

S. G uins: The  problem is th a t in o r 
der to d is trib u te  the load between the  
d iffe re n t co n trib u to rs , it's  v e ry  u n fa ir  
to ask anyone to donate a set o f loco
motives fo r  long periods of time and 
donate something th a t's  2^ million dol
lars w orth o f investm ent. So fa r  we've  
been w orking on the  fo u r units per 
donor fo r  every  th ree  months and this  
creates all kinds of pain and problems. 
T h ere  is a consideration being made in 
creating  a means of providing a fu l l 
time locomotive here in the  fu tu re .

S . Guins: The answer is rea lly  no.
We have not operated a t low speeds; 
We t r y  to operate at the continuous 
speed of an average of 42 mph so the  
only time we operate at low speed is to 
s ta rt up and slow down. The  rest of 
the  time we run. a t speeds designed to 
maintain a constant condition fo r tra c k /  
tra in  relationship on the  curves. 
We're working w ith two inches unbal
anced superelevation which creates a 
fa ir ly  heavy wear on the  high rail bu t 
th is is one of the  decisions of our 
operating conditions. No, we haven't 
had any low speed operation and we 
haven't had any rock and roll type  of
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UPDATE. OF TTC ACTIVITIES AND FUTURE PLANS
BY

E. R. Mathews

Executive Summary

From a singular and rather specialized role as a high speed vehicle test 
facility, this installation has taken on larger responsibilities as the Transpor
tation Test Center. The range of testing has broadened considerably. 
Testing o f the exotic and the futuristic has been placed in proper perspective 
and we are now conducting testing related to the very real and immediate 
problems that conventional railroad and rapid rail transit systems are facing.

The FAST Program, which is covered in other Conference papers, has 
provided the added capability for testing track structures as well as rolling 
stock.

The Rail Dynamics Laboratory is nearing completion. Another paper 
presented today has provided more detailed information on this subject. This 
laboratory will be included in the afternoon tour of the Test Center.

Since testing is the only reason that the center exists, it's appropriate 
that I begin by describing our major program accomplishments in the past 
year and discuss briefly the tests that will be conducted in the future.

I believe that the broad scope of the test programs planned for the Test 
Center together with the planned facilities and equipment acquisitions clearly 
indicate the intent of1 the Federal Railroad Administration to make significant 
contributions to the state-of-the-art in rail systems. A wide variety o f rail 
system test facilities is — and will continue to be - -  made available or use by 
the various elements o f the rail industry. Inquiries regarding the use of the 
Test Center's facilities are cordially invited.



BY
E. R. MATHEWS

U P D A T E  O F  T T C  A C T I V I T I E S  A N D  F U T U R E  P L A N S

Since most of you have visited here before, I have elected to bring you up to date on the activities at the Transportation Test Center and provide you a preview of test and construction planning.From a singular and rather specialized role as a high speed vehicle test facility, this installation has taken on larger responsibilities as the Transportation Test Center. The range of testing has broadened considerably. Testing of the exotic and the futuristic has been placed in proper perspective and we are now conducting testing related to the very real and immediate problems that conventional railroad and rapid rail transit systems are facing.The FAST Program, which is covered in other Conference papers, has provided the added capability for testing track structures as well as rolling stock.The Rail Dynamics Laboratory is nearing completion. Another paper presented today has provided more detailed information on this subject. This laboratory will be included in the afternoon tour of the Test Center.Since testing is the only reason that the center exists, it's appropriate that I begin by describing our major program accomplishments in the past year and discuss briefly the tests that will be conducted in the future.
RECENT TESTING ACTIVITIES
Perhaps the most critical of all the tests are those relating to railroad safety. For instance, three test programs last year involved various aspects of Hazardous Material Tank Cars.The first of these programs was the Tank Car Torching Study. A large,

high velocity propane torch was built at an isolated site on Test Center property. It is used to project a high temperature flame against steel plates and actual tank cars that were coated with special thermal insulation materials designed to retard heat buildup. These tests have indicated that such insulation materials would be effective in preventing a catastrophic explosion if the tank car is exposed for a prolonged period to a fire resulting from an accident.

FIGURE 1. TANK CAR TORCHING STUDY TEST
The second program in this category was a series of impact tests simulating switchyard accidents in which a tank car filled with a hazardous material such as propane fuel is punctured by the coupler of another car. A puncture of this type almost invariably results in ignition of the contents of the tank and can lead to "chain reaction" explosions of adjacent tank cars.The impact tests were set up by positioning an empty hopper car several feet in front of a standing hundred-ton tank car, then impacting the hopper car with one or more loaded cars moving at switchyard speeds. The impact would frequently cause the

Edward R. Mathews has served as Director of the Transportation Test Center for the Federal Railroad Admin
istration since June 1976. He received his Bachelor of Civil Engineering degree from George Washington 
University (1952) and earned his Master's Degree from the Massachusetts Institute of Technology (1971) 
through awar.d of the Alfred P. Sloan Fellowship by the Kennedy Space Center.
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opposite end of the hopper to rise and, in turn, impact the standing tank car.

HHSHte

i '  • ■ • ‘

FIGURE 2. SWITCHYARD IMPACT TEST
These tests involved tank cars both with and without head shields, and some were also equipped with type-E shelf couplers that are designed to keep the mating coupler knuckle from slipping up and out of the tank car coupler. Each tank car was loaded with a measured amount of water under pressure to provide the same characteristics as a load of propane. Much information was obtained about the mechanics of this type of accident by the time the test program was completed last December.Another program in this category, which had begun at the time of last year's Engineering Conference, is the Accelerated Life Test Program. These tests are for the purpose of discovering how well the tank car thermal insulation coatings should hold up under prolonged revenue service conditions. Hundred-ton tank cars coated with various types of the insulating material are used in the tests. After they were subjected to coupling impacts, these cars are now being periodically exposed to a strong salt-water spray and run for thousands of miles in simulated revenue service. A little

over a year ago this test program was merged with FAST. By now, the Accelerated Life Test tank cars are approaching an average of 70,000 miles each. That's almost half way to the goal of a 160,000 miles, which should be achieved within a year.
1

FIGURE 3. TANK CARS IN ACCELERATED LIFE TEST PROGRAM
Other safety related tests are also under way at the Test Center. A number of wayside safety inspection devices are being tested. Last year at this time, for example, the installation of a commercial wheel flaw detecting device was just completed. Later it was extensively tested and then installed on the FAST bypass track for use in checking the wheels of the FAST consist for cracks. The latest effort in this area involves evaluating a Wayside Braking Inspection System; that is now being installed on a tangent track section on the west side of the Railroad Test Track. This equipment is designed to detect abnormal train braking performance.In the category of freight equipment, the first series of tests of the Aerodynamic Trailer-on-Flat-Car program was completed , less than a month after the previous Engineering Conference last year. This program began with wind tunnel tests on a model of a TOFC train at the California Institute of Technology back in 1975. The ultimate objective is to develop practical and simple streamlining of the trailer bodies and containers used in this kind of service to reduce the rather

363



severe air drag of the present designs. The Test Center's part in this effort was to validate the results of wind tunnel testing of the model by measuring the air drag forces on a trailer-on- flat-car consist. Later this month, a second series of tests should begin, using a new measurement system designed to give more consistent results at high speed.

FIGURE 4. AUXILIARY SNUBBING DEVICES TEST CAR
Last June and July, tests were conducted for the AAR to determine the performance of a number of auxiliary snubbing devices installed on the standard trucks of a 4,000 cubic foot rotary dump hopper car. This car was run in a consist, both empty and loaded with 100 tons of ballast, over various perturbed track conditions.

i 1 --£

FIGURE 5. AMTRAK PULLMAN BI-LEVEL COACH DURING TESTS
Testing of equipment for passenger service in the past year included a series of tests on Amtrak’s new bilevel coaches built by Pullman. These tests began last May with one car,

which was supplemented in the late summer by three additional cars. Ride quality and acceptance tests were conducted along with road qualification tests on simulated revenue runs. This test series was completed on October
6. 1977.

FIGURE 6. WASHINGTON METRO (WMATA) CARS
Another area of passenger service of importance at the TTC is that of transit system testing for the Urban Mass Transportation Administration. At the time of last year's conference, four Washington Metro cars had just been received and were being prepared for testing on the Test Center's electrified transit loop. By August 5, all the tests to evaluate their operational characteristics had been completed and each of the cars had run over 20,000 miles of simulated revenue service to prove their reliability. The four cars are still at the Test Center, and will be seen during the tour this afternoon.Another recent arrival at the Test Center is the Advanced Concept Train ... or ACT-1. Preparation of the cars for testing should be finished by December. Then a lengthy series of tests will be conducted during the following six-month period. The two cars of this train contain a large number of advanced concepts and subsystems. The most productive advancements over today's state-of-the-art in transit car design are in the areas of regenerative braking and onboard energy storage, reduced car weight, air conditioning and equipment cooling.
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FIGURE 7. ACT-1 ADVANCED CONCEPT TRAIN
Another advanced concept currently being tested is the linear induction motor propulsion system. Last July, the final phase of testing of the double-sided motor originally installed in the Linear Induction Motor Research Vehicle was completed. As you probably remember, this is the vehicle that set a new world's speed record for steel-wheel-on-rail vehicles of255.4 miles an hour, back in August of 1974. More tests are planned with the vehicle and a different motor configuration .

FUTURE TESTING ACTIVITIES
Future tests related to railroad safety include a follow-on to the Hazardous Material Tank Car Pool Fire tests that were conducted at White Sands Missile Range in New Mexico four years ago. In two of these tests, a full-scale tank car containing propane was placed in a large pit fed wth jet fuel. That way, the car could be kept surrounded with a hot fire until the tank ruptured and exploded. An uninsulated tank car and one with a one- eighth-inch coating of thermal insulation were tested. The insulation proved very effective in prolonging the time to rupture and reducing the severity of the explosion.A large pit and other facilities have been built in a remote location in the northern part of the Test Center

where, in. December 1977, a similar test will be conducted with a doublewall tank car with insulation in the annular space. This test should prove the effectiveness of the tank car insulation on tank, cars with high flow relief calves.Other safety-related test programs to be conducted at the Test Center include a freight car brake shoe performance investigation for the Association of American Railroads. Twelve brake shoes of each type will be tested by subjecting them to stopping distance tests, drag tests and static holding tests. It's anticipated that these tests will be completed early in 1978.In the category of future plans for testing passenger equipment performance, it is expected that there will be testing and extensive evaluation of a prototype radial truck design for high speed passenger cars beginning in 1979. The total program should take about a year, with nine months of tests cind demonstrations following three months of preparations.In the area of transit car testing, the Advanced Concept Train will be the center of attention in the immediate future. The testing of these two cars should be completed by midsummer of next year and the test program for new Massachusetts Bay Transit Authority cars from Hawker Siddeley will begin. These tests are intended to demonstrate that the new Boston transit cars meet their design specifications. These cars will also be run through the general vehicle test series that was developed especially for transit car test programs. Four cars will be tested, with- the first two scheduled to arrive at the Test Center in April.In November of 1978 the two State- of-the-Art Cars ... or SOAC's, as they are more commonly called ... will return to the Test Center after an absence of more than four years. These cars will be modified with new propulsion, braking and truck designs which will be tested and compared with the performance of the components originally installed in the cars and similar components on other transit cars.Looking farther down the line, transit cars, designed for the Metropolitan
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Atlanta Regional Transportation Authority should be received late in 1978. These cars will undergo the same tests as the Boston cars plus thousands of miles of reliability test runs.A year from this coming January, construction of a guideway loop for advanced "people-mover" vehicles should begin in the Test Center core area. This will be the first step in the Ad̂  vanced Group Rapid Transit test program that will evaluate the components and procedures unique to this type of system. It should take about a year to build the guideway and its associated passenger and service facilities, so actual testing should begin early in 1980.In the area of advanced systems testing, the conversion of the motor in the Linear Induction Motor Research Vehicle to a single-sided configuration is now being completed. The old vertical aluminum fin, or reaction rail, was removed from the track and will soon be replaced with a horizontal reaction rail laid flat at the height of the rails. Changing the tall vertical fin to a flat horizontal member placed low between the rails, will eliminate a number of obstacles to operation, such as making it possible to have crossings at grade and facilitating switching. Check-out and initial performance testing should begin in December.
RECENT FACILITY CONSTRUCTION
I don't intend to go into details on all of the new items that have been built for the FAST Program in the last year, since that has been covered in a previous paper this morning, but I would like to mention in passing the new FAST Service Facility with its yard tracks and locomotive servicing equipment, all located next to the south tangent of the FAST Track. We also now have a paved road, some three miles long, connecting the FAST Service Facility area with the Test Center core area.The Test Center's nine-mile Transit Track is being equipped with two new substations that will provide precisely regulated electric power. The electrical equipment is presently being in

stalled in the substation buildings and around the track, and the system should be operational by March 15,1978.
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FIGURE 8. TEST CENTER TRACKS AND GUIDEWAYS
FUTURE FACILITY CONSTRUCTION
The Test Center will have the facilities to test high speed electric locomotives and high-speed self-powered electric passenger railcars by early 1979. Construction is due to begin next spring on a Northeast Corridor type of high voltage catenary system oh the 14-mile Railroad Test Track loop. In all, there will be about 181̂ miles of catenary.The high speed catenary on the Railroad Test Track will be a constant tension type designed for 150 miles an hour. It will provide a choice of12,500 volts, 25,000 volts or 50,000 volts at a continuous power rating of 13 megawatts from a single substation. The catenary for the FAST Track and the Train Dynamics Track will be a 70 mile-an-hour design, while the reversing loop for the Railroad Test Track will have a low-speed 15 mile-an-hour catenary.Another major construction project, which is still in the preliminary plan
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ning stage, is the construction of a second FAST track. Experience with the original FAST track has shown that higher speeds, longer tangents and longer test sections are needed. More detailed requirements are now being gathered and the funds for developing the design of the track are anticipated in 1978. It is intended that this track will be used in addition to the present FAST track.,

FIGURE 9. HIGH VOLTAGE- HIGH SPEED CATENARY LOCATIONS
A contract was recently let for a new switchlock control system that will allow all of the Test Center's main line switches to be remotely locked from the Operations Control Center after they have been manually thrown. This way, there wll be a positive indication of the position of every critical switch

in the Control Center -- a safety feature that will become more and more important as rail traffic volume increases. The installation of this system will begin soon.Construction is scheduled to begin next spring on a 40,000 square-foot warehouse that will accommodate metrology, calibration and instrumentation staffs as well as supply personnel. It should be completed before the end of1978, and may have a solar heating installation to handle 80% of the heating load.As the Test Center has grown in recent years, so have the demands for reduction and evaluation of engineering data. As a result, the two minicomputers, intelligent terminal and peripherals now at the Test Center are overloaded. A series of actions hasbeen initiated to obtain a mid-sized computer which should greatly enhance the Test Center's capability to reduce and evaluate data in accordance with users' needs. It is expected that this computer will be operational by early1979.The resources of the Test Center Instrumentation Group have been modestly increased in the past year and will continue during 1978. The.TTC Instrumentation Car is nearing completion and will be outfitted with a digital data acquisition system in the very near future.
SERVICE TO THE RAIL INDUSTRY
I believe that the broad scope of the test programs planned for the Test Center together with the planned facilities and equipment acquisitions clearly indicate the intent of the Federal Railroad Administration to make significant contributions to the state-of-the-art in rail systems. A wide variety of rail system test facilities is -- and will continue to be -- made available for use by . the various elements of the rail industry. Inquiries regarding the use of the Test Center's facilities are cordially invited.
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369



REMARKS TO  T H E  FRA ENGINEERING CONFERENCE

By

R obert E. Gallamore 
D eputy  A dm inistrator

i t  is a pleasure fo r me to  be here  
w ith you to n ig h t. Th is  conference  
gives me an opportun ity  to meet you 
and find  out how you are approaching  
the  problems th a t face the ra ilroad  in 
d u s try . I hope I can be of help to  
you in your deliberations and th a t you 
will continue to share y o u r.id e a s  with  
me a t convenient times in th e  fu tu re .

I would like to ta lk  w ith you ton igh t 
about what I see are the major p ro 
blems of the  railroad in d u s try , some 
general ideas about the n atu re  o f 
DOT'S response to the  problem s, and a 
few more specific comments on R&D in 
th a t broader context. I th in k  i t  is im
portan t fo r you, who daily  w o rk  on 
engineering contributions, to know 
w here FRA's general policies are  
headed.

To be sure, Secretary  Adams, A d
m in istrator Sullivan and I have only  
been in office a b rie f time — not long 
enough to form ulate final policies. 
R ight now, fo r example, we are  in the  
v e ry  middle of a series of s ta tu to r ily -  
mandated policy reports th a t w ill have  
g re a t impact on C a rte r Adm inistration  
Rail Policies. We need to complete our 
studies, form ulate some te n ta tiv e  p ro 
posals, and consult more w ith c a rr ie rs , 
su p p lie rs , employees,, o ther G overn
ment representatives, academicians and 
citizens. Th is  time n ext year I 
would hope we could be back together  
w orking hard on implementation of our 
new ly established or recently  re a f
firm ed policies.

My own background is in economics 
and governmental policy form ulation. 
So I would like to s ta rt with a charac
terizatio n  of the overall ra ilroad p ro 
blem and then see if  th e re  is n 't an 
analogy to R&D specifically.

I believe th a t the best summary of 
the  problem of America's railroads to  * 1976

day is th a t th ey  must make large scale, 
complex adjustments w ithin a v e ry  rig id  
environm ent. Just to scan through  
those adjustments is sobering:

0 Railroads must adjust physical 
fac ilities  to sh iftin g  m arkets; some 
product lines are im proving, 
others declin ing; some regions are  
grow ing , others re tren ch in g . 
Adjustments in location and type  
of physical fac ilities  are needed.

0 Railroads must sh ift managerial 
and employee skills to meet 
changes in m arket demand and 
technological opportun ities . Op
tim ization of the operation of e x 
isting p lant resources holds g reat 
p ro fit potentia l.

0 Adjustm ents in pric ing  of railroad  
services is a natural means of 
achieving optimum outpu t from  
existing  fac ilities .

0 Railroads from tim e-to -tim e and, 
in some cases more than o thers, 
need to  make changes in th e ir  
financial s tru c tu re  or sources of 
outside fu n d in g .

These adjustments are' made in an 
environm ent th a t is , a t once, _changing  
itse lf and rig id  with respect to perm it
ting  needed change w ith in . Railroads 
are w here th ey  are because th e ir  m ar
kets- changed, th e ir  competition 
changed, and public policy changed. 
B ut th e ir  a b ility  to respond is con
s tra ined . Regulation of e n try  and ex it 
from markets and ICC rate regulation  
are only the  most obvious rig id ities  in 
the  railroad environm ent. The basic 
rail technology imposes a tremendous 
r ig id ity ; indeed, my experience in

Robert E. Gallamore has served as the Deputy Administrator for the FRA since July 1977. Gallamore has been 
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UMTA was th a t urban planners and de
velopers liked rail tran s it's  lim iting  
technology (fix e d  guideways) - -  a t 
least as much because of th is  in fle x i
b ility  as because of ra il's  economic and 
environm ental perform ance. O ther r ig 
idities stem from labor contracts, t r a 
ditional tra ff ic  patterns  and p a rtn e r
ships, management, s ty les , institutional 
financing relationships (p a rtic u la rly  in 
t h e . event o f b a n kru p tc ie s ), and m er
ger regu lation . O f course, some of 
these constraints are necessary to 
serve other social objectives.

The  poor financial condition of th.e 
in d u s try  is not itse lf "The Railroad 
Problem" b u t is th e  resu lt of these 
other d iffic u lties . I f  adjustments are  
impossible, , the  m ighty m arket-place  
eats away at t ra f f ic —then revenues, 
then p ro fits , and f in a lly , capacity. 
We are all the  losers - -  the railroads, 
th e ir  customers, th e ir  employees, th e ir  
neighbors.

I'm not ye t prepared to o ffe r solu
tions , b u t 1 feel v e ry  strongly  th a t 
there  is no single panacea. We cannot 
hope to cure the problem with infusions 
of Federal ta x  dollars alone or ju s t 
with reg u lato ry  changes, adjustments 
in labor-management relationships, 
technological b reakthrough s, or new 
public policies. We shall have to press 
forw ard  on most or all of these fro n ts . 
We must probe the  fu ll range of pos

s ib le  solution-types and innovatively  
combine our best ideas into an aggres
sively implemented policy. T hat's  not 
easy, and I can 't promise success. 
Others have tr ie d  hard before. But 
we have a ta lented and energetic team 
in Washington today and we will g ive it  
our best shot. I ask fo r your coun
sel and support.

Let me tu rn  now to some comments 
on R&D. I'm not an exp ert on tech
nology, b u t , I am keenly aware of the  
relationship . between an industry ls  
technology and its production function; 
th a t is , its o u tpu t and costs. I've  also 
partic ipated  in studies o f rail produc
t iv ity  which addressed needed techno
logical improvements. And I'v e  been a 
student of the progress of technology 
diffus ion .

I t  seems necessary to come to grips  
with two fundam entals. F irs t, what

are the proper roles and relationships  
of in d u stry  and Governm ent w ith re 
spect to R&D sponsorship. Second, 
what are today's p rio rities  fo r  R&D 
projects. As with general po licy , my 
ideas are  still in th e  form ulative  stage, 
b u t I'd  like to make a few comments.

With respect to ro les, I th in k  the  
key word is cooperation. We want tp 
aid the in d u s try  in its operations. 
Some of us have wondered how We can 
get more Federal assistance to the  in 
d u stry  w ithout in te rfe rin g  w ith its 
management and in ternai Incentives; 
R&D is one way. While our. perspec
tiv e  can and should be d iffe re n t from  
the  in d u s try 's , we need to g ive f ir s t  
thought to what it  is the  in d u stry  
th inks needs to be done, because it  
must complete the technological d if fu 
sion process; it  must make th e  inno
vation w ork. In -simple fa c t, Federal 
research and development funds will go 
fa rth e r  if  our e ffo rts  are  cooperative  
with the  in d u s try . The  FAST project 
here' a t the Pueblo T e s t . C enter is a 
gbod example of the  kind of coopera
tion we need. I congratu late all of 
you here who have helped and are  
.helping to make th is  e ffo r t a model 
success s to ry .

Then there* is the question of basic 
and applied research. Here I. am 
somewhat schizoid. 1 believe G overn
ment is often best a t basic research, 
leaving development and implementation 
design to practitio ners . And th e re  are  
basic, im portant, unanswered questions 
of tra in  roll and stop dynam ics, tra c k  
and wheel dynamics, ra il m eta llu rgy, 
fre ig h t car s tru c tu re , signaling tech 
nology and data re tr ie v a l. A t the  
Same tim e, how ever, I want Our re 
search to be directed, a t re la tive ly  
n ear-te rm , operational goals. We p e r
haps have given too much attention to  
advanced technology, especially fo r  
passenger systems, and I th in k  it  is 
r ig h t th a t we have tu rn ed  our focus to  
projects like FAST and the R a il'D y n a 
mics Lab. '

I said earlie r th a t 'w e  w on't find  a 
single solution to the  rail in d u stry 's  
prdbleni of adjustm ent. Perhaps the  
R&D analogy is not too fa r-fe tc h e d . I t  
won't w ork fo r Governm ent alone to 
fund a research project or push a p a r-
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ticu la r innovation. I t  won't w ork fo r  
the industry 's  operating people ju s t to 
demand new technologies--they need 
engineering support. And rail man
agement needs to know both the  oper
ating problem and the range of pos
sible technical solutions before a con
certed campaign can be launched. So 
again we need an across-the-board  ap
proach; we heed to move on all fro n ts . 
"Supply-Push"' or "Demand-Pull" inno
vation alone isn 't enough-just like  
"Cost-Push" and "Demand-Pull" theories  
of inflation by themselves have proven  
w anting. Something more like a "De
m and-Shift" theory  is needed--a  total 
sh ift of all R&D resources: G overn
ment, industry-techn ica l and in d u s try -  
m anagerial--p lus the cooperation of rail 
labor.

On the subject of R&D p rio rities , 
you have to inform me. I know Bob 
Parsons has-already established consul
ta tive  processes--notab!y in cooperation 
with the AAR through the T ran sp o rta 
tion Research B o ard --to  assure the  in 
d u stry 's  participation in our R&D pol
icy form ulation. B ut th is is a n ever- 
ending task , fo r needs and Opportuni
ties change.

More fo r your entertainm ent than  
your edification, let me rep o rt my re 
cent p a ltry  research on rail in d u stry  
innovations. I was at the  T ran sp o r
tation Research Forum's annual meeting 
in A ltanta yesterd ay, having lunch at 
a table with fo u r long-time colleagues, 
each of whom is distinguished as a rail 
analyst. The subject of discussion was 
my ta lk  here with you to n ig h t, and I 
decided to take a poll. I made up one 
list of post-w ar innovations' and a se
cond of technological developments still 
needed. My friends then ran k-o rd ered  
these innovations by past or potential 
effectiveness. My conclusions are the  
following:

1. The only clear consensus was 
the  dieselization was the most 
im portant past innovation.

2. Microwave communications, 
mechanized m aintenance-of- 
w ay, computerized car loca
tion and per diem systems, 
and automatic yards were all

grouped fa r  below d ieseli
zation , bu t in no s ign ificant 
o rd er.

3. There  was even less consen
sus on ranking  o r needed 
innovations. Improved brake  
systems m ight have had a 
slight lead, and automatic 
couplers Scored w ell. B e tte r  
AC I systems received two 
firs t-p la c e  votes, b u t one 
respondent p u t it  a t th e  bot
tom of the  lis t. B e tte r steel 
rail and new signal technol
ogies also were in th e  sam
ple.

4. Remember your tra in in g  in 
small sample e rro rs .

5. Never t r y  to conduct serious 
business at TR F  annual meet
ing lunches. I w on't tell 
you some of the  o ther sug
gestions I received.

Well, of course you can 't conclude 
much from th is  exerc ise, b u t it  was 
in teresting  and it  is the ty p e  o f d is 
cussion we need to have w ith experts  
like you here to n ig h t.

F in a lly , I'd  like to tu rn  to the FRA  
Research Program. U nder th e  able 
leadership of Bob Parsons, and Ed 
Mathews here at the  Pueblo T es t Cen
te r ,  a strong research and te s t p ro 
gram has been developed. You have 
heard today th a t the  program  is 
divided into fre ig h t systems, passen
g er systems and safety . Since th is  
last area probably is least fam iliar to 
you and since we are p a rticu la rly  
proud of i t ,  I would like to review  
th a t area b r ie fly .

Railroad safety is one of FRA's ma
jo r responsibilities. O ur technological 
improvements in rail s a fe ty . ape aimed 
at preventing  accidents from happen
in g , and reducing th e ir  s e v e rity . One 
good example of our e ffo rts  is the  
testing of various glazing m aterials fo r  
use in the  windows of locomotives and 
cabooses. Everyone is in agreem ent 
on the  need fo r action in th is  area, 
the  unions, management and FRA. We 
know we can reduce th e  toll of in juries
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and deaths caused b y  mindless vandals 
who use our tra in s  as moving targets  
in th e ir  ug ly  sp o rt. Soon, we will 
have the  fu ll docum entation, prepared  
In conjunction w ith the  unions and the  
ra ilroads, upon which th e  in d u stry  can 
base window replacem ents.

A nother example was the  jo in t Gov
e rn m en t-in d u s try  ta n k  car research  
e ffo rt. The Safety problem Was the  
incidence and s ev e rity  o f accidents in 
volving ta n k  cars tran sp o rtin g  haz
ardous m ateria ls. S tatistics showed 
th a t from 1969 th rough 1975, 519 tank  
cars were involved in derailm ents. 
These accidents caused 18 deaths, 832 
in ju ries , and 45 major evacuations in 
volving over 40,000 persons. Four, of 
these accidents resulted in a combined 
total loss estimated at more than $100 
million.

The research on solutions covered a 
range of head shields, thermal protec
tion and shelf coupler devices. From 
th is  research , a new safety  regulation  
was born', w ith in d u s try  support. 
New standards were created fo r punc
tu re  resistance from  impacts and th e r 
mal protection from  f ire  exposure fo r  
new, as well as existing  cars . This  
program should resu lt in considerable  
safety  benefits  a t acceptable levels o f 
additional costs.

We are  also developing c rite ria  to 
support o th er parts  of DOT'S regu la
to ry  and policy-m aking role and to aid 
FRA's safety  fie ld  w ork. I t  is under 
th is  program  th a t we developed track  
geometry m easuring cards to perform  
inspections and help carrie rs  plan more 
effective  maintenance program s.

Let me conclude by again soliciting  
your views on w here we should be 
headed. T h e  Railroad In d u s try  needs 
your ideas, yo u r c re a tiv ity , your s k ill, 
your dedication. One of you out there  
may have an idea fo r  the  advanced 
coupling system , o r th e  ultim ate auto
matic car identification  system. O r 
your contribution  may be more immed- 
ia te --su ch  as fin d in g  the  available o ff-  
th e -s h e lf window glazing material th a t  
only had to be tested to be proven e f
fe c tive . O bviously , we need to keep 
up a stream of technological successes 
while we w ork together to resolve f in 
ancial and operating issues besetting

th is  once g ran d , still p roductive  and 
ever promising in d u s try . T h an k  you 
fo r g iv ing  me the o pportu n ity  to share  
my thoughts with you.
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D r. John J. Fearnsides  
Acting C hief Scientist 

Departm ent of Transportation

As Bob Parsons mentioned in his 
in troduction , I have a lot of jobs, at 
present. Only two jobs are im portant 
fo r tonight's  discussion — th e  C hief 
Scientist and the ■ Executive Assistant 
to the Deputy S ecre tary . The  Chief 
Scientist job enables me to ta lk  with  
and advise the  Secretary on many 
technical matters such as the  Alaskan  
pipelines, both oil and natural gas/and  
on S ST 's. I don't know how many of 
you know but Bob Parsons used to be 
the Deputy D irector of the D epart
ment's SST Program before Congress 
decided to close its development. I 
have also been involved in the  recent 
secretarial decisions regarding the  a ir  
bag. So you can see the C hief Scien
tis t is involved in c u rren t DOT issues 
th a t relate to technology and its impact 
on the public and, th e re fo re , is v e ry  
interested in the content and relevance  
of the Departm ent's R&D program s: 

Let me take a minute to explain  
Secretary  Adams' approach to the  DOT  
organization to demonstrate th a t there  
is no de-emphasis o f technical matters 
in the  Departm ent. He fe lt ,  and I 
agree to a large ex ten t, th a t having  
an R&D s ta ff organization th a t also 
managed R&D program s, tended to .lead  
to something th a t was more of a line 
organization than a s ta ff organization.
I th in k  there  have been many of us, 
including Bob Parsons, who have 
agreed with th a t observation. The  
Secretary  has established a new re 
search and special programs d irec 
torate  which will take the  advanced  
R&D program s, the .intermodal and 
multi-modal programs out of the  O ffice  
of the S ecretary  - -  a s ta ff o rganiza
tion - -  and p u t .them, in a line o rg an i
zation. There  is absolutely no R&D 
de-emphasis from th is  at a ll. In fa c t, 
by putting  them into a line organiza
tion where everybody knows w hat it  is 
they  are doing should, s trengthen these

R&D activ ities . A t present I am acting  
as d irec to r of th is  new research p ro 
gram management a c tiv ity .

The  S ecretary  also plans to tra n s fe r  
the  R&D s ta ff people to those other 
elements of the O ffice of th e  S ecretary  
th a t have more, influence on Secretarial 
decisions. For example, th e  program  
evaluation R&D personnel will w ork d ir 
ectly  with the budget and program  
review  offices and will be available to 
advise the budget d irec to r.

I fu lly  expect th a t th is  w ill mean 
more clout fo r the R&D s ta ff people In 
the  long ru n .

From th is  perspective as the  De
partm ent's C hief S cien tis t, I n a tu ra lly  
believe strongly  th a t the  r ig h t R&D 
can make a significant d ifference in 
the operational efficiencies o f (all tra n s 
portation modes. On the  o ther hand, 
how ever, it  is DOT policy th a t the  
p riva te  sector - -  both suppliers and 
operators - -  take in itia tive  and provide  
those investm ents, including R&D, th a t  
will promote efficiencies in th e ir  re 
spective modes,. H istory  c learly  shows 
th a t the p riva te  sectors p ro fit motives 
and ingenuity  will resu lt in improved 
products and transportation  e ffic ien 
cies, prov ided , of course, th a t th ere  
is a re la tive ly  fre e  m arket place. 
Advances in commercial aviation and 
the automobile , in d u stry  were so d ra 
m atic, we almost take them fo r  
g ran ted .

We all know, how ever, th a t th e re  is 
no "free  market" in tran sp o rta tio n . 
T h a t is , fo r vary in g  reasons the  Gov
ernm ent is involved in e ve ry  tra n s 
portation mode - -  some modes more 
than others and not all are  equ itab ly  
tre a ted . DOT has and will continue to 
propose legislation aimed a t overcoming 
these modal imbalances. My point is 
th a t from a DOT R&D perspective , it 
is v e ry  d iffic u lt to tre a t Federal R&D 
support to the various modes on an
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apples-to -apples basis, since our in 
volvem ent in each mode d iffe rs . Being 
in th e  Departm ent fo r  fiv e  years , I 
have come across many programs and 
have been able to develop an overall 
broad departm ental perspective . One 
must look at the modes separately and 
together - -  the modes being each of 
the  operating adm inistrations of DOT., 
the  Coast G uard , UM TA, Federal H igh

w a y  A dm inistration, etc. For someone 
who has come out of the  u n ivers ity  
sector and the  aerospace business, my 
basic observations are th a t the o ver
whelming amount of governm ent R&D is 
sponsored by the  Defense Departm ent 
and NASA. This is still tru e . I am 
used to governmental organizations  
th a t use the products o f th e ir  R&D. 
In these cases, management u n d er
stands what is needed, th ey  tell th e ir  
operations people what to do, and 
in s tru c t the R&D people in what has 
to be produced and all work together 
-  th a t is .some of the tim e. O ur Coast 
Guard and Federal Aviation Adminis
tra tio n  use this system.

A nother th ing  th a t exists in DOD 
and in NASA th a t does not ex is t in the  
Departm ent of Transportation  is one of 
a confidence in technology -  a confi
dence th a t leads to a p a rt o f the  in 
vestm ent portfolio (R&D program s) go
ing tow ard long range potentials. My 
past observation in th e  Departm ent of 
Transportation  is th a t some elements of 
DOT seem to be out to save the world 
with technology and have a tendency  
to rush through what used to be con
sidered in normal governm ent R&D as 
the  trad itional phases of R&D. These  
are the  two issues th a t I'd  like to ta lk  
about to n ig h t. F irs t, what is the  no
tion of the governm ent as a p rov ider 
of technological leadership? These are  
my words and I. will be happy to ex 
plain a little  b it fu r th e r  if  th ey  need 
exp la in in g . The second issue is the  
question of the R&D d e live ry  system.

Let me take the second of these 
issues f ir s t  because the d e livery  sys
tem question is the most in teresting  
one to those of us who have had to 
deal w ith DOD and NASA - -  organiza
tions where they  use the products of 
th e ir  own R&D. Th is  is in contrast to 
DOT where the rea lly  challenging p ro 

blem p articu la rly  w ith UMTA and FRA 
is the fac t th a t the  end R&D users are  
not part of FRA and not p a rt o f UMTA  
but they are p a rt of the p riva te  sec
to r . T h a t presents , as you folks  
know, some v e ry  in teresting  problems. 
Especially i f  you tie  it  together with  
the notion th a t DOT should provide  
technological leadership . For th is  
process to w o rk , how ever, i tJ s  clear 
there  needs to be some kind of Cooper
ative program . I t  is somewhat d iffic u lt  
to get fund ing  for, cooperative p ro 
grams w ithin the governm ent budget 
process. We in th e  Office of the  Sec
re ta ry  are involved as well as is OMB 
and the Congress. A t each level 
somieone will say "w ell, if  you are  
going to go out and design a brand  
new rail tra n s it c a r, how do you know 
the people are going to use i t ,  how do 
you know t h e , properties  are going to  
use it ,  how do you know suppliers are  
willing to supply it?" And the  answer 
is simple we don 't rea lly  kno,w. The  
same thing is tru e  in the  rail in d u stry  
where we are. not users - -  the sup
pliers and p riva te  railroads are R&D 
users fo r the  most p a rt. The impor
ta n t th ing is th a t th e re  has to be a 
cooperative approach, and cooperative  
approach means to me th a t the  indus
t r y  does not te ll the  governm ent what 
we should do and the  government 
doesn't tell the  in d u s try  what you 
should do. While th e re  is much coop
erative  rail R&D, my observation is 
th a t there  is still an im perfect re lation
ship. Th ere  are a lot of common 
rhetorical goals and we must strive, to 
make them tru ly  common goals.

I believe R&D offers  many oppor
tunities to improve serv ice , re lia b ility , 
and safety. You must admit in all 
these areas you have problems and 
should be using any tool to Im prove. 
We in DOT are w illing to help bu t to  
reach our jo in t goals, th a t is , a b e tte r  
transportation system fo r the  American 
people and sh ippers, we must work to 
gether. Here a t Pueblo - -  at our 
Transportation T e s t C enter - -  we are  
providing large federal investments to 
do our share. B ut you must c a rry  an 
increasing share of th e  experimental 
costs - -  p a rticu la rly  as your financial 
lot improves. My concern is th a t DOT
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as a provider of federal funds and I'll close with this challenge and I'mlooking out for the average citizen confident you'll respond favorably asmust assure a balanced investment you did in instituting the first FASTportfolio including long range R&D. experiment.Here in Pueblo we could have a real Thank you.laboratory situation. Laboratories are a common part of most R&D programs.For example, if we didn't have labo- . ratories in NASA, we would have been in deep trouble if the first Apollo booster didn't work the way we had hoped it would work.There is a need for advanced planning and maybe substituting more prototype testing or . prototype evaluation before product deployment will save you money in the long run.In my second role as Executive Assistant to the , Deputy Secretary , I provide the Deputy Secretary advice on such matters as budgets and I think it is important for you to know the basis upon which some of this advice is given. I am looking for how the industry and FRA are cooperating in providing both a good delivery system and an R&D program that is balanced between long range and short range. 1 want to be sure that FRA is not just putting things together that nobody will ever use. In DOT we must and do worry about short term programs. We have a big capital grants program that exceeds the size > 1of the R&D Program many fold. But, it is my feeling that DOT should have a balanced R&D program. If we ask a stockbroker to manage our money, we expect it to be a balanced portfolio — not all AT&T. If DOT has about four hundred million dollars for R&D, we surely should be willing, to put a little of that money into long range R&D.In any event we are excited about the current FRA test and evaluation projects at Pueblo. As we move forward together to additional FAST-type projects and large RDL experiments, we at the OST level in DOT, are awaiting large participation by the private sector. For only in. that way will Bob Parsons be able to muster the Administration support for this government's share of these larger R&D activities.
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