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T A B L E  A 1  

F I L E S  I N C L U D E D  ON NUCARSS D I S K S  

D I S K  1: 

NUCARSS.EXE T h e  executable f i le  f o r  NUCARS V e r s i o n  S. 

G2U T h e  unformatted wheel/rail  geometry fi le.  

EMPTY.CAR A n  e m p t y  c a r  file - see C h a p t e r  5. 

EMPTY.RUN A n  empty r u n  f i le  - see C h a p t e r  6. 

SAMPLE.RUN T w o  s a m p l e  data  p r o g r a m s  are included t o  
a l l o w  you t o  r u n  t h e  program and t o  

S A M P L E . C A R  genera te  a n  o u t p u t  file f o r  t r y i n g  t h e  
programs on d i s k  2 .  

T h e  car is a l i g h t  w e i g h t  2 - a x l e  car.  
S C H E C K . O U T  shou ld  b e  i d e n t i c a l  t o  t h e  
o u t p u t  produced. 

DISK 2: 

T E X T W . E X E  T h e  executable f i le  - see sec t ion  4.2. 

P L O T W . E X E  T h e  executable f i le  - see sect ion 4.3. 

P L T B A T . E X E  T h e  executable file - see sect ion 4.4. 

TRACK.DAT Sample t r a ck  scenarios f o r  t h e  r u n  file. 

LWC.DAT T h e  c a r  f i l e  f o r  t h e  l i g h t  w e i g h t  
FRONTRUNNER car. 





T A B L E  A 2  

F I L E S  I N C L U D E D  ON NUCARSR D I S K S  

D I S K  1: 

NUCARSR.EXE T h e  executable file fo r  NUCARS, V e r s i o n  
R. 

G 2 U  T h e  unformatted w h e e l / r a i l  geometry file. 

LWC.DAT T h e  c a r  f i l e  f o r  t h e  l i g h t  w e i g h t  
F R O N T R U N N E R  c a r  ( s a m e  a s  u s e d  f o r  
NUCARSS) .  

RUNR. DAT Sample r u n  f i le  f o r  NUCARSR. 

BALLOON.TRK M e a s u r e d  T r a c k  D a t a  F i l e  f o r  T T C  B a l l o o n  
L o o p ,  7 .5  deg ree  c u r v e ,  w i t h  b u n c h e d  
sp i ra l ,  1180 feet long. 

D I S K  2: 

PTTBOUNC.TRK M e a s u r e d  T r a c k  D a t a  F i l e  f o r  T T C  M u l t i p l e  
B o u n c e  T e s t  Z o n e  on P T T ,  697 feet long. 

PTTLAT.TRK Measured T r a c k  D a t a  F i l e  f o r  T T C  Lateral  
S i n u s o i d  T e s t  Z o n e  o n  P T T ,  1296 f e e t  
long.  

PTTRKRLL.TRK M e a s u r e d  T r a c k  D a t a  F i l e  fo r  T T C  R o c k  and 
R o l l  T e s t  Z o n e  on P T T ,  1097 feet long. 

NORTHY .TRK M e a s u r e d  T r a c k  D a t a  f o r  T T C  D y n a m i c  
C u r v i n g  T e s t  Z o n e  on N o r t h  Wye, 7 7 1  fee t  
long. 

NOTE: R u n  L e n g t h  must be sho r t e r  t h a n  T e s t  Z o n e  L e n g t h  b y  
a t  leas t  t h e  l eng th  of t h e  test car wheelbase. 
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I INTRODUCTION 

1.1 Organization of the Manual 

This manual provides the basic information necessary for the running of NUCARSS 
(NUCARS version S) and the peripheral programs TEXTVU, PLOTVU and PLTBAT. 

Readers who have the software already installed on their computer may make a quick 
start by going to chapter 4, which describes how to run the programs, using the samplc 
data provided. It is recommended thit  the programs be installed on a hard disk, as 
described in section 3.2. 

For first time users and readers, the manual provides a sequential description of what is 

needed to use the programs. It is recommended that you read the manual through and use 
the sample data to run the program, as described in chapter 4, before attempting to create 

your own data and runs. Chapter 1 gives an overview of the program NUCARS and its 
oljjcctives and uses. Chapter 2 describes the hardware on which the programs will run 

satisfactorily, including the computers, displays, printers and plotters. Installatioc is 
covered in chapter 3, for systems with no hard disk as well as for the preferred hardware. 

Chapters 5 and G describe how to set up your own car and run files for the cases which 
you wish to study. Some additional car files and suggested track geometries have been 

included on disk #2. These may be used as a basis for modification. It is important that 
you have a word processor, capable of processing ASCII files, for this purpose. Somc 

other vehicle and track data are provided in Chapter 7. 

1.2 A General Description of the Program NUCARS 

NUCARS is an acronym for, 

- New & Yntried_Car_Analytical_RegimeSimulation. 

Originally conceived as a means of assessing the performance of new and untried car 
designs, NUCARS can be used to examine most new or existing cars for pcrformancc 

under a wide variety of track configurations and conditions. It represents the first 
a[tempt in North Arzlerica to provide a unified approach to the simulation of the 

performance of any possible vehicle on any track, in any se1f;excited dynamic regime. 

Recent advances in personal computers have significantly reduced the cost of long 
computer runs and advantage has been taken of this. The method of analysis is that of a 
time stepping procedure operating on a generalized set of second order differential 
equations. These include the modeling requirements of the vehicle and track needed to 

examine the safety of the vehicle from derailment in service conditions. 



Thc prcdiction of safety, for which NUCARS has been designed, represents a most 

dcmanding effort on behalf of the analyst, since simplifications of small motions ant1 

linear devices are not sufficiently accurate. Furthermore, rail vehicles are often dcsignetl 

with connections between adjacent moving parts, simple in concept, but very nonlinear, 

including friction, or slack, or both. To  represent the vehicle performancc with 

sufficient accuracy, the model used for the vehicle characteristics in NUCARS is boll1 

general and fully nonlinear. The effects of large excursions between the \vheel and the 

rail are represented in NUCARS by a detailed state-of-the-art model of the 

wheel-on-rail interaction. 

NUCARS uses matrix techniques to ensure the most general approach to modcl 

construction. These are generally transparent to the user. They permit assembly O F  tllc 

equations for a wide range of vehicle arrangements and designs. Sincc thcsc matrices arc 

spnrsc, mcthods are used to conserve storage and improve the speed of n~ultiplication. 

Thc output from the program has been checked against the expected frequsncy ~ . c s [ ~ ~ l

Cor various cars and modes of oscillation and has been compared with the results of othcr 

analyses with known car data. More importantly, validation has becn carried out ant1 \vill 

continue through comparisons of NUCARS predictions with the results of vibration and 

track tests at the Transportation Test Center and elsewhere. 

1.3 Ob,jectives of the Program 

The objcctives of the program NUCARS are: 

* the creation of a single industrywide standard 

* easy availability and use including personal computers 

* applicabi1it.y to all the performance regimes 

up to the onset of unsafe conditions 

* applicability to all car types 

* regular and controlled updating 

* ongoing validation through old results and 

new tests in all important regimes 

+ increased potential for advances in the state-of-the-art 

Significant savings in the cost of testing and enhanced safety assessment in rail 

transportation are benefits seen from using NUCARS. 

1.4 Organization of the Prognm 

Vehicle model insertion into the program structure is carried out through an ASCII input 

file. A separate ASCII file is created for the run variables, including a choice of 

wheel-on-rail geometries. Track input data is inserted into the run file. This includcs 

s c  



representation of track for the investigation of hunting, twist & roll, pitch S( bounce, 

yaw & sway, steady state curving, spiral negotation, . and dynamic curving. The 

conventions used are illustrated below. 

UP 

Y X 
ALONG TRACK ACROSS 

L U M P E D  M A S S  WITH SIMPLE MODAL S H A P E S  

R I G H T  HAND S C R E W  R U L E  & COORDINATES 

The inputs include: 

* track design data including, 
curvature and superelevation vs distance 

* track perturbations including, linear, 
sinusoidal and exponential shapes in the form of, 

vcrtical and lateral cusps, bumps, waves etc. 
* car types and data including, 

several bodies with bending and twist 
degrees of freedom 

inter-body articulation over truck suspension 
trucks with and without centerplates, slewing rings 
trucks with H-frames, single or more axles 
independent wheels, 3-piece trucks with or 

without primary suspensions, equalization 
piecewise linear suspension characteristics 

interconnected axles and trucks 
* different raillwheel conditions 
* different operating speeds and conditions 

Cross-plots are possible from any of the variables, either during, or afier, the run. 
Post processors are provided for obtaining both a variety of text file fornlats, for 
printing or inserting into other plorting or spreadsheet programs, and for the direct screen 
display and plotting of the output. 



The ouputs include: 

time and distance of the vehicle along the track 
a full set of track inputs and rail positions 
a full set of primary degrees of freedom 

derivatives and forces for each degree 
all wheel creepages and axle moments 

all wheel and axle lateral and vertical forces 
all wheel and truck L/V ratios 

wheel/rail relative motions 
suspension motions and forces 

all axle lateral positions and yaw angles 

1.5 Disks and Software Provided 

The 2 360k floppy disks provided, contain the following files. 

1.5.1 Disk 1 

NUCARSS.EXE The executable file for NUCARS, version S. 

GTU The unformatted wheellrail geometry file 

EMPTY.CAR An empty car file - see chapter 5 

EMPTY.RUN A n  empty run file - see chapter 6 

SAMPLE.RUN Sample data "run" files to allow you to run the program. 

SAMPLE.CAR Sample data "car" file for use with SAMPLE.RUN. 

SCIIECKOUT Sample output file, should be identical to the output produced 

by SAh4PLE.RUN. 

1.5.2 Disk 2 

The executable file - see section 4.2 

The executable file - see section 4.3 

The executable file - see section 4.4 

The car file for the Light-Weight Front-Runner car 

Sample track scenarios for the run file 



2 kl.-iKI)\VARE REQUIREMENTS AND COkIPATIBILITY 

The following sections describe the hardware requirements of the programs supplied. The 

classifications are abstracted from the Computer Software Directory of the AAR. Further 

information is available from the Association . of American Railroads, Chicago Technical 

Center, Software Distribution, 3140 S. Federal St., Chicago, IL 60616, or by calling (312) 

567-3647 

2.1 Computers 

Minimum necessary modified AAR Class 11, or, 

or suitable compatible 
high speed CPU >7mhz preferred 

2 Floppy Disk Drives 
at least 64Ok bytes memory 

8087 Math Coprocessor 
DOS 2.1 or above 

Recommended AAR Class 111, or, 
IBM PC/AT or PS-2/model60 

or compatible with 80286 chip 
Hard Disk desirable, 

at least 640k bytes memory 
80287 Math Coprocessor 

DOS 3.0 or above 

Highly recommended AAR Class IV, or, 
IBM PS-2/model80 or Compaq 386 
or compatible with 80386 chip 
Hard Disk desirable, 

at least 640k bytes memory 
80387 or other floating point board 

DOS 3.0 or above 

NUCARS and P L O T W  arc linked with the GRAFMATICS(tm) library of callable 
roulines. They are called in a mode to provide screen images of 640 pixel cols x 200 

pixel rows in B/W. The library is available froin Microcompatibles, 11443 Oak Leaf 

Drive, Silver Spring, Md 20901, Tel: (3.01) 593-0653. The resulting NUCARS and 

PLOTVU programs require an adapter compatible with the IBM Color Graphics Adapter 
or CGA. Most graphics adapters, which provide more advanced displays, will default to 

this mode, and are therefore suitable for use with the software provided. Any monitor 
capable of displaying graphics in CGA mode is suitable, including monochrome monitors. 



There exist too many printers, capable of printing graphics images, to list. Thc only 

requirement for NUCARS and PLOTVU is that the printer is compatible with tlic uscrs' 

own software for dumping the screen, as discussed in more detail in section 3.3.2. Thc 

program TEXTVU provides for a text printout, suitable for direct printing to any printer 
linkcd to your PC. The paper width is selectable for 80 or 13216 column arrangemcnts. 

Thc programs PLOTVU and PLTi3AT are linked with the PLOTMATICS(tm) library oT 

callable routines. These can be obtained for use with plotters from HP and I-Ior~ston 

lnstrumcnts as required. PLOTMATICS is available from Microcompatiblcs, 11443 Oak 

Lcaf Drive, Silvcr Spring, Md 20901, Tel: (301) 593-0683. In the standard  torn^, rhc 

programs are provided for HP plotters, numbers 7370 or 7475, or othcrs compnril)lc \ \ / i l l \  

them. The switches should be set to give 2400 baud operation, for an S bit ivortl, wirll 1 

slop bit, no pari~y and for US size paper. Further information on conipntil~iliry \ \ ~ r l ~  
plotters is available from the Association of American Railroads, Chicago 'I'cchnic:~l 

Center, Software Distribution, 3140 S. Federal St., Chicago, IL 60616, or by calling (312) 

567-3647 



I t  is important first to ensure that you have a suitable computer and any peripheral 

equipment you may need, as defined in the previous section. 

I n  this and subsequent sections, the prompt Line displayed on the computer screen will be 

sllown in capital letters. The required response, or recommended inclusion in other files, 
r i c h  you are asked to provide, will be ,shown bold and UNDERLINED. It may be in 

UPPER or h r  case. Typing an U r ,  generally required to complete the entry, is not 
sho\vn. 

Screen display Reason or Meaning 

full DOS prompt,( may be switched on by typing 

C: > j r o m ~ t  $p& Prompt $ ~ $ g  from directory DOS), 

C:\DOS > full prompt for directory DOS 

C:\NCRS >fir asks for a tile list when in C:\NCRS 
A: >pIotvq starts the program PLOTW from drive A 

\Vhcrhcr your computer has a hard disk or not, on start-up, the operating system or DOS, 
10x1s the file COMMAND.COM into memory and searches for the batch file AUTOEX- 

EC.BAT. A DOS error results if the system and command files are not available. DOS 
configures the system and uses the file CONFIG.SYS to identify any special needs. The 

rollowing suggestions may assist you in defiing the system arrangement best suited to your 
necds or equipment. 

3.1 Using Two Floppy Disk Drives 

This arrangement represents a minimum requirement and, although possible, is not 

recommended. A Hard Disk is recommended for convenient operation. However, 
instructions on the use of NUCARS with two floppy drives are included. Prepare two 

new 3G0k double-sided, double-density system disks, using the FORMAT utility from 
DOS, with the DOS disk in drive A. Follow this by inserting your Disk 1 into drive A 

and copying NUCARSS.EXE and its associated files on to one of the neivly formatted 
disks, and by a similar process for copying PLOTW.EXE and TEXTVU-EXE from Disk 

2 on to the second prepared disk. The procedure is as follows. 

A: > format b:/s Requests formatting of disks in drive B. /s adds 

the system files. The request is followed by a sct 
of self explanatory instructions which should be 

used to format 2 disks. 

A: > conv *.* b; Copies the files from drive A to drive B 



I f  you would like to make NUCARSS run automatically when the cornputcr is switclictl 
on, you may add the appropriate instructions to the existing ASCII file, citllcd 

AUTOEXEC.BAT, or create a new one of the same name. You may use a word proccssor 

for this purpose, so long as it can be made to write its output to an ASCII file on thc 

new disk. An alternative method is given below. It is assumed that the new NUCARS 
disk is in drive A and that a blank formatted disk is placed in drive B for the output file. 

Screen display Reason or Meaning 

A: >COPY CON AUTOEXEC.RAT COPY the instructions from the CONsole (key- 

w & u  b: board) to the file AUTOEXEC.BAT. The COPY is 

CODV *.dat b: completed with ^Z (type Ctrl Z) or function kcy 

- b: F6. 
n:nllcnrss 

- ^Z ;6 or 

The instructions in the AUTOEXEC file created arc, on starting up: 

Copy the files G2U and the *.dat files to drive B, make drive B the default drive and 
rcad NUCARSS.EXE on drive A and start. 

Othcr instructions may also be added. 

.2 I~istnllntion on a Hard Disk 

It is useful t o  create a new subdirectory on your hard disk for NUCARS. Although yo11 
will want to choose a name to suit your own scheme, the examples which follow will i~sc  

the subdirectory name NCRS. The files on both disks supplied should be copied to this 
directory. It is assumed that the process starts at the DOS prompt for the root tlircc~ory 

on the hard disk, which is assumed to be drive C. 

C: > A 1  D\-NC RS - Makes a_Directory called NCRS. 

C: > CD\NCRS - Changes the currentDirectory to NCRS. 
C: > PROMPT$P$G Ensures that the prompt includes the current 
C:NCRS\ > directory, NCRS on C:. 

Plncz the disks supplied in drive A, one at a time, and repeat the next step. 

C:\NCRS > COPY A:*.* Copies the files from drive A on to the current 

drive on C: 

Sugestions are made below for modifying or creating AUTOE,XEC.BAT ant1 

CONFIG-SYS files in the root directory. The changes to CONFIG.SYS are not essential to 

the running of the programs, but the default values for DOS are unnecessarily small and 
can give rise to problems. 

3



Screen display Reason or Meaning 

C:\NCRS >CD\ Changes the directory to the root directory 

C:\> COPY CON AUTOEXEC.RAT COPY the instructions from the CONsole (key- 

JX!2!!aw board) to the file AUTOEXEC.BAT. The COPY 

ja th  c:\:c:\ncrs: .... etc. is completed with "2 (meaning control Z) or 
C:\nrintcr\~rafplus =A function key F6. 

- "Z o r f i  

The instructions in the file AUTOEXEC.BAT above are: 

Ensure that the full DOS prompt is shown on the promt line; 
Add a PATH for the executable files, NUCARSS, T E X T W  and 

PLOTVU to save having to identify the directory 
when they are called from other directories. 

Other paths can be included. 
Automatically read into memory a resident graphics screen 

dump program, such as GRAFPLUS(tm), here assumed to be on 
the subdirectory C:\printer 

( =A means across the paper for an Epson printer ). 
Orher instructions may also be added. 

C:\> COPYCON CONFIG.SYS COPY the instructions from the CONsole (key- 

files = 2Q board) to the file CONFIG.SYS The COPY is 

bo ffers = 32 completed with "2 (meaning control Z) or function 

break= on key F6. 

- "Z or& 

The instructions in the file are: 
Increase the number of buffers or Iiles and 

switch the extended break on. 

Other instructions may also be added. 
It is now possible to run NUCARS, Version S, from the Hard Disk, with the computer 
already switched on in the directory C. 

C:\ > cd\ncrs Makes NCRS the default directory on C: 

C:\NCRS > nucarss Reads the NUCARS executable file into memory 

and starts the run. 

3.3 t\ssociated Software 

The program NUCARS produces an output file for further analysis, data reduction or 

plotting. Several .utilities are available for this purpose. Three are included on Disk 2 in 

the package. 



.3..7.1 Urililics Provided wi~lt NUC4RS 

TEXTVU is provided to use on the output file from NUCARS. It permits a scrccli 

display of chosen variables, creates new files in formats suitable for printing, or a file 

suitable for further data analysis in a spreadsheet program such as Lotus 1-2-3. 

PLOTVU is also for further data processing. It permits the screen display of graphs of 

up to 3 variables against any other variable. It also contains the necessary codc for 

driving a plotter, so that the screens can be made permanent in high quality reports. 

PLTBAT is for the batch production of the plotter files from PLOTVU. 

The user may make a.rrangemcnts for downloading graphics images from the screen to 

the printer. An example of general software for this purpose is GRAFPLUS([ni), 

available from Jewel Technologies, Inc., 4740 44th Ave SW Suite 3-03, Sciirrlc, 

Washington 98116, Tel: (800) 628-2828, ext 527. Other programs may bc sui~al,lc I ) u r  
havc not been tested. 

Spreadsheet programs are also useful in manipulating the output data, ant1 in plolring 
the output from NUCARS. One such program is Lotus 1-2-3 (tm), available Troni rhe 
Lotus Development Corporation, 55 Cambridge Parkway, Cambridge, hlA 02142, or 

from other distributors. The program TEXTVU can provide a text file of results 
from the NUCARS output file, suitable for reading into 1-2-3. The best 1-2-3 

format, chosen by entering "/" when 1-2-3 is ready, is scientific with 4 plnccs of 

decimals and a cell size of 12. Smaller cell sizes cut the headings and limit tlic 

accuracy. Other spreadsheet programs may also be suitable but have not becn tested. 

The setting up of the data files will require a suitable word processor. Evcry 

experienced computer programmer has a favorite. The only important feature is lhnt 
it can work with tiles directly in the ASCII format. Many such word processors exist. 

Further advice can be obtained from the Association of American Railroads, Chicago 
Technical Center, Sofhvare Distribution, 3140 S. Federal St., Chicago, 1L 60616, or by 
calling (312) 567-3647 



4 GE'ITING STARTED 

The prompt line, displayed on the computer screen in full, will be shown again in the 
in UPPER CASE letters. The required response, or recommended inclusion in other 
which you are asked to provide, will be shown bold and UNDERLINED. This response
bc in UPPER o r h r  case. Typing an Enter is generally assumed to complete an entry. 

4.1 Using NUCARS 

4.1. I Stnrfil~g from a 2-Floppy Sys fern 

I f  you have set up the AUTOEXEC.BAT file for an immediate start up, as giv
section 3.1, you may place the prepared disk into drive A, a blank disk in dri
and switch on the computer. 
If your computer is already switched on, insert the newly prepared disk 
NUCARS, Version S, into drive A and a blank formatted disk into drivc B

procced as follows, 

Screen display Reason or Meaning 

A: >x: Makes B the default drive 

B: > COPY A:GtU Copies the required data to drive B 
B: > COPY A:*.DAT Reads the NUCARS executable file into 

B: > A:NUCARSS memory and starts the run 

Note: The wheel-on-rail profile data file G2U, must be on the default directory 

running NUCARS, Version S. 

4.1.2 Starlirtgfront a Hard Disk 

Go to your hard disk directory, change to the NUCARS subdirectory and sta
follows, 

A:\>C: Makes C the default drive 

C:\ > CD\.NCRS Changes to the subdirectory NCRS 

C:\NCRS > NUCARSS Starts the program running 

Note: The wheel-on-rail profile data file G2U, must be on the default directory 
running NUCARS, Version S. 

4.1.3 Runnittg NUCcLRS wirlt SAMPLE.RUN and SAMPLE.C4R 

In addition to the required file G2U, containing the selection of wheel-on

proliles, two sample data programs are provided to allow you to run the program,

table, 
files, 
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to generate an output file for trying the programs, TEXTVU, PLOTVU ant1 

PLTBAT. The necessary run file is SAMPLE.RUN, and it calls for a car file c;~llctl 

SAMPLE.CAR. 

On start-up you will be presented with the title screen, which can be dismissed by 

typing Enter, and by a request for the name of the run file. You shor:ld respond ils 

follows, 

Screen display Reason 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
. (TITLE PAGE) . 

............ 

............ 
* (c) copyright ..... * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  To dismiss tlic 

Pause (followed by message) Title page 

Enter 

Default input file is RUNS.DAT 

Enter: 

1 - to keep default input file 

2 - to  specify a new filename 

- 2 For a new nanle, 

Enter new RUN file name enclosed in single quotes SAh1PLE.RUN 

'SAhlPLE.RUN' 

Note: An alternative procedure would have been to rename or copy thc file 

SAMPLE.RUN to RUNS.DAT before starting and to respond uith 1. Borh 

SAh.1PLE.RUN and SAMPLE.CAR must be with G2U in the default directory, sincc 

SAMPLE.CAR is named in the run file SAMPLE.RUN as the file containing the 

required car information. 

There will be a delay while the files are read in, followed by additional n~cssagcs, 

which require the responses shown below. 

Default output file is SAMPLE-OUT 

Enter: 

1 - to keep default output file 

2 - to specify a new filename 

- 1 To accept thc 

name, 

SAhPLE.OUT 



The output file, SAbIPLE.OUT, will be written to the default drive unless otherwise 

indicated. The final typing of Enter, af te r l ,  will be followed by the initial message 

of the program during the run, containing the name and chosen wheel-on-rail data 

NI1CAi ;S  V e r s ~ a n  5 

CP1tIl7.+5 - 3 C l  moh on 7 . 5  de.3. c t ~ r v e .  2-axle SO(.lFLE.CAF!. S : P D  = (?.51'. nu = 0 . 4  

N e w  CN m o d 1  f led t (n~~rndr r r i  wheel 0 1 1  r ~ e w  136 I b / ' v d .  r a i l  p r o f  ~ l e s .  s t a n e r r d  a ~ c ~ u

C o m p u t i l t o  at the d ~ s t a n c e  4 t i m ~  shawn b ~ l a w  

DISTACJCE = . Z  feet : T I M E  = .OOB secs 

TITLE SCREEN. 

The SAX1PLE.RUN dl scroll through a set of graphs every 50 ft and complete [he 

run at 400 It. The following six graphs show how they should appear on the screen at 

200 It. The chosen screen displays are for the curvature, supcrelevation, lateral 

displacement of ~ d e  no. 1, yaw of axle no. 1, lateral displacement of a l e  no. 2, and 

yaw of axle no. 2. 

c ,  









At the end of the SAMPLE.RUN, the screen will again scroll, but will pause at each 

graph for inspection. 
The appearance is shown below for the fust graph. 

NUCARS Version S 
Cur Hlf - 2  against Distance 

CHH136S - 30 nph on 7,5 deg, curve, 2-axle SRHPLE,CRR, step : 8,58, na : 0,4 

Type Enter to move on as requested. 

The final messages are as follows. 

Screen display Reason or hleaning 

Run completed successfully 
Stop - Program terminated Final message follo\ved by re- 

B: > turn to the default DOS Prompt 

or 

C:\NCRS > 



4.2 Using T E X T W  

If your computer is already switched on, insert the newly prcparcd disk \vi~h 
TEXTVU into drive A and the formatted disk with the output frcrn NUCARS, 

SAMPLE.OUT, into drive B, and proceed as follows, 

A: >& Makes B the default drive 

B: > A:TEXIW Starts the program 

4 . 2 .  Sratiing fro171 a Hard Disk 

Go to your hard disk directory, change to thc NUCARS subdirectory and st;lrt, as 

follows, 

Makes C the dcfault drive 
C: > CD\NCRS Changes to the subdirectory NCRS 

Starts the program 

J.2.3 R u ~ t t t i ~ i g  TEXTVU 

On start-up you will bc presented with the title screen, which can be tlisn~issctl b y  

typing Enter, and by a request for the name of the output file. You shoultl respontl 

as follows, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

. (TlTLE PAGE) 

............ 

............ 
(c) copyright ..... * 

* * , * * * * * C I * * * * * * * * * * * * * * * , L  TO dis~iliss thc 

Pause (followecl by message) Title page 

Enter 

Type the name of the file from NUCARS, in quotes. 
'SAh1PLE.OUT' as requested 

There will be a delay while the file is read in, followed by additional displays n n t l  

mcssages, which require the responses shown. 



Screen display Reason 

NUCARS Version S 
Your Chosen Run Title ............... 
The chosen Wheel/Rail Geometry ...... 

The velocity for this run was ....... 
The number of steps ....... of length ....... feet 

Enter the distance ... start and the end ........ 
...., in feet, separated by a comma, 

0.500 see comments 
below 

Do you require a screen display, (reply I), 
an 80 column file for printing, (reply 2), 

a 132 column file for printing, (reply 3), 
or a Lotus readable text file, (reply 4) ? 

- 1 see comments 

Every how many steps ................ 9 below 

10 

Do you require a list of variables ? see comments 

Y below 

You should take the opportunity to run TEXTW several times and try different 
answers. If you are looking for the values of a particular variable over a limited 
distance into the run, choose the required range, otherwise the screen will be fillet1 

with numbers of no interest to you and may scroll past the required values. If you 
exceed the number of columns possible in the "print files", replies 2 or 3, the values 
and headings continue on the next line. 

You may create more than one file of different names, if more than 20 variables are 

needed for further data anaIysis or plotting. You may not need to have every outpt~t 
point displayed or printed. The response to the penultimate question above, sugests 

that you need every tenth value. Other values may be chosen. If  you require them all 

choose 1. 

If your answer to the last question above is y or 3, then a list of the variables in the 

output file is displayed, followed by pauses. It is worthwhile to make a list of those 
which you require for printing or plotting. 

P 



Screen display Reason 

How many variables are required, (max=20) ? 

- 2 choose 

Identify by number, each chosen variable. 

For Variable No. 1 

- I from list 

For Variable No. 2 

- 2 from list 

Pause .......... 
Enter to slart 

The chosen action will be takcn and followed by, 

Do you need more output of the run, (Y or N)? Start again ? 

- N No lo end 

4.3 Using I'LOTVU 

4.3.1 Statlb~g front a 2-Floppy Sjstent 

I f  your computer is already switched on, insert the newly prepared disk with 

PLOTW into drive A and the formatted disk with the output from NUCARS, 

SAMPLE.OUT, into drive B, and proceed as follows, 

Screen display Reason or Meaning 

A: >B: Makes B the default drive 

B: > A:PLOTVU Starts the program 

4..3.-7 Srarting front a Hard Disk 

Go to your hard disk directory, change to the NUCARS subdirectory and start, as 

follows, 

A:\>C: Makes C the default drive 

C:\> CD\.NCRS Changes to the subdirectory NCRS 

C:\NCRS > P L O W  Starts the program 



4.3.3 Rrrrrnirlg PLOTW 

On start-up you will be presented with the title screen, which can be dismissed by 
typing Enter, and by a request for the name of the output file. You should respond 

as follows, 

Screen display Reason 

.................................. 
* * 

. (TITLE PAGE) . 
............ 
............ 

(c) copyright ..... 
.................................. To dismiss ~ h c  

Pause (followed by message) Title page 

Enter 

Enter the name of the file for plotting ,....... 
'SAMPLE.OUT' as requested 

There will be a delay while the file is read in, followed by additional displays and 

messages, which require the responses shown. 
- -- - - - - 

NUCARS Version S 
Your Chosen Run Title ............... 
The chosen WheelIRail Geometry ...... 

The velocity for this run ....... 
and the distance ............ feet 

Enter the distance ... start and the end ........ 
...., in feet, separated by a comma, 

0.500 see comments 
below 

Do you require a list of variables ? 

Y see comments 

below 

You should take the opportunity to run PLOTW several times and try different 

answers. If you are looking for the values of a particular variable over a limited 

distance into the run, choose the required range, otherwise the graph will be no 
interest to you. 



If your answer to the last question above is y or _Y, then a list of the variables in [hc 

output file is displayed, followed by pauses. It is worthwhile to make a list of ~l losc 

which you require for plotting. Note that up to three y values are possible against x. 

However, the program checks to see that the y's all have the same units, to prevent 

errors in typing choices. 

Screen display Reason 

How many plots are required, (max=U)) ? 

- 2 choose 

For each plot, identify ............ 
separated by commas, the first on the x-axis ... 
by 3 on the y-axis, setting unwanted values to zero 

For Plot No. 1 

23,0,0 from list 

For Plot No. 2 

2.4.0.0 from list 

Pause .......... 
Enter to start 

The above response will be followed by a screen message as follows. 

Each plot chosen will be displayed on the screen. 

T o  move to the next plot, hit ENTER. 
Some computers allow printed copies to be made by 

typing the SHIFT and PRTSC keys simultaneously. 

MAKE SURE THAT THE PRINTER IS SWITCHED ON ! 

Pause .......... 
Enter 



For more information on the downloading of screen graphics, see scction 3.3.2 of this 

manual. Following W r ,  the screen display of the graphs chosen will appear in t h e  

order chosen, similar to the example given below. This shows the L/V ratio of the  

lead, axle for the output file SAMPLE.OUT of the sample run. Both wheel L/Vs are 

shown, separating at flange contact. The variables chosen and entered for plotting this 
graph are 2.31J2.Q. 

NUCM Fers ion S +-I L VU B 1 against D i s t ance  
2.....-~...2 R L/V I 1 aqa ins t D is t a n t e  

nondinen 

n I I I f e e t  
300 8 

-0, C2t 

CHH136S - 30 nph on 7 ,s  deg, curve, 2-axle SC;XPLEaCAR, step = 0,50, M(J. = 0 , 4  
Do you want a plot of t h i s  graph,  Y or  N ? 

P L O T W  SCREEN. 

The graphs displayed may be plotted imrnediate!y, or saved lor plotting later wilh the 

program PLTBAT, The following are alternative responses to the questions at the 
bottom of the graph. 

Screen display Reason 

Do you want a plot of this graph, Y or N ? 

Y to prcceed 
Identify plot later (0), or now (1). If ...... 
........... e.g. 0,fname.plt. 

- 1 to plot now 



Do you want rr plot of this graph, Y or  N ? 

Y to proccctl 

Identify plot later (0), or now (1). If ...... 
........... e.g. 0,fname.plt. 

0.NUCARSOI.PLT .to plot Irltcr 

with PLTB:\T 

Whcn the chosen scrcen displays are complete, the follouing rnessngc will bc 

displayed. 

Do you need more output of the run, (Y or N)? Start again ? 

- N No to end 

If  your computer is already switched on, insert the newly preparcd disk \ v i~ l i  

PLTBAT into drive A and the formatted disk with the output from PLOTVU, into 

drive B, and proceed as follows, 

Screen display Reason 

A: >B: Makes B the default dri\.c 

B: > .A:PLTRAT Starts the program 

-1.4.2 Startirig from a Hard Disk 

Go to your hard disk directory, change to the NUCARS subdirectory and start, as 

follows, 

A:\ >C: Makes C the default drive 

C:\ > i P \ N C R S  C h ? l ? p  to tt.2 su%dircctory SCRS 

C:\NCRS > PLTRAT Starts the program 

On start-up you will be presented with the title scrcen, which can be dismissed by 
typing Enter. Respond as follows, 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

. (TITLE PAGE) 
............ 
............ 

(c) copyright ..... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  To d i s~ i s s  the 

Pause (followed by message) Title 

Enter Page 

How many files do you want to plot, (max=50) 7 

- 2 as required 

Enter the name, between single quotes, 

for number 1 

- 'filel' first fils's name 

for number 2 second file's 

'file2' name 

There will be a delay while the files are read in, followed by, 

New paper in the plotter ? 

Please prcss <return> to continue 

m r  to slarr 

This will be followed by the plotting with appropriate pauses for changing the paper 

bctwcen plots. 





5 SEITINC UP A NEW CAR FILE 

This section gives an explanation of the data, which NUCARS requires to identiry the car, 
and the format in which it must be .provided. An empty file has been provided on Disk 1, 

called EMPTYCAR, which can be copied on to a file of another name of your choice. Under 
your new name, this file can be used to add your own data, for the car you wish to study. 

You will require a word processor, suitable for editing ASCII text Ties, for this purpose. . 

Both input ASCII files, required by NUCARS, are arranged as fortran 77, standard 
list-directed input filcs. The instructions provided in them, are expected by NUCARS to take 

a prcarranged number of Lines. The messages may be reworded to suit your own way of 
dcscribing the required values, but the number of lines taken must be the same as those 

provided in the examples. 

Any list of values must be separated by "value separators". In general, these may be a comma, 

one or more blanks, an end-of-record or a sIash, /. The fifes prepared for reading into 
NUCARS, in the following example, are given blanks as value separators. However, in 

interactive mode, the values requested, for example by PLOTVU, for entry by the keyboard, 
arc separated by commas. Using a slash, /, stops execution at the previous value and is not 
used. The end-of-record separator permits the "wrapping" of a long list of values on to the 
ncxt line, although this has not been necessary in the examples used. 

The data requircd for the car file is now described, following the general format in thc 
EhIPTY.CAR file provided. As in previous sections the values you are required to furnish arc 
shown bold and underlined. First, part of the data is given, outlined in a box, together with 
a sample list of values. This is followed by a fuller description, with other examples where 

necessary as an aid to understanding. 

-Cr-IRFIL for NUCARS in Ib., in. & sec. unless otherwise stated. 
......................................................................... 

-Enter data below the names given, (integers begin with letter I) 
......................................................................... 
-FOR THE BODIES 
-F low many Bodies (IBHV), and in addition how many axle bodies (IBAX) 

IBHV IBAX 

- 1 - 2 

Axles are treated differently from the other bodies and must be listed separately. In the 
csample given, the car has a single body and 2 axles. A hopper car would h3ve 7 bodies,( 

IBHV = heavy bodies), and 4 axles. The 7 bodies are 2 bolsters, 4 sideframes, and 1 main 
body. 



-List rl~c number & position each body, (Sr axle body), relative to a datum 

on illc track center, in., followed by the number of degrees of freedom 

required, rollowed by a list of degrees of freedom for each, in turn, 
Tram 1 = x ,  2=y, 3=2,4=phi, S=theta, 6=psi, 7=epsx, 8=epsy, 9=epsz. 

Thc required 4 degrees of freedom for each axle are 2 3 4 6 

TI IE A X L E  BODIES MUST BE LISTED LAST ! 
Body  no. Position in X, Y & Z No. of DoFs List of chosen DoF's 

j -2 19.0 - 0.0 - 30.0 4 - 2 3 3 _ 5 _ 6 3 _ 8 _ Y  

- 7 - 0.0 - 0.0 - 14.0 - 4 2 2 3 4  
2 -438.0 - 0.0 - 14.0 - 4 2 3 3 4  

- 

I!  i.< rcco~nmcnded that you choose the datum on the track ecnterline under [lie li.:~tl ;

Tliis permits the whole car to run on to the track from behind the origi~lal zero posirioli. "

rigid nntf flexibIe dcgrces of freedom are illustrated in the next two Figures. 

Z - Y A W  Y - PITCI-I 

ROLL 
(4) 

RIGID BODY MODES 

~sli.. 

rhc 



7. TWIST (abou t  X)  

9 .  BENDING ( a b o u t  Z) 

FLEXIBLE BODY MODES 

In the example used, the carbody degrees of freedom include all but the longitudinal motion, 

which is assumed not to vary from that given by the constant specd. This is not always so. 
Thc sideframe of a 3-piece truck, for example, has longitudinal, lateral, vertical, pitch and 
yaw degrees of freedom. Its body would be represented as, 

Body no. Position in X, Y & Z No. of DoFs  List of chosen DoFs  

- no position - 5 1 2 3 5 4  

The program needs to know which are the axles, and assumes them to be last. Each axle may 
have lateral, vertical, roll and pitch displacements. The vertical and roll come from the 
assumption of vertically flexible rails. 

1 )  - I t  lcnli Ty the track semi-gauge, and wheel radii for each axle, in inches, 

HAFGAG WRAD(l), (2), (3), (4), ( S ) ,  (6) etc. 
14.0 14.0 

The scmi-gauge required is to the rail center. It is assumed that the wheels on any given axle have 
thc same nominal radius, but that the radius may differ between axles. 

EZ 



-For all thc bodies which have flexible modes, give the position of each /I 
gcolnctric ccnter, along the track from the datum, backward is -ve, its II 

1 Icngth in inches, the natural frequencies, in rad./sec., and damping I I 
1 r;itios in twist, vertical & lateral bending, as required. 

Botly no. X-Posn X-Length Nat Frequencies(rad/sec) Damping Ratios 

The only body having flexible modes in the sample data, is the main carbody, body n u n l l x r  

1 .  Sincc NUCARS treats it as a beam, a length is required. Also requircd are thc first nlodi~l 

n a ~ u r a l  frequencies and their damping ratios. No higher order modes are included. 

-1.isr rtli. ni;r<s, roil, pitch and yaw inertias, in order 

For cnch body in order, excluding ales ,  

-- 55.604 3.7E04 2.SE06 2.25E06 
For 1!1c nslcs, in turn, in the order defined above 

S.7.; 2.6E03 1 SE03 2.6E03 

- -5.75 2.6EQ3 1.5E03 2.6E03 

This is basic data for determining the dynamic forces. 

'Thc units are, 

nl;~ss in Ib-secZ/in.; inertia in Ib-in-sec2. 

Thc arlc values arc listed in order and may differ from each other. 

-FOR T tl E CONNECTIONS 

IdcnriCy the lollowing parameters 

-Yu~nl~cr  or X-conn.,(IALLXS); Y-conn.,(LALLYS); Zconn.,(lALLZS) 

IAI-LSS IALLYS 1ALLZ.S 

1) - 2 - 8 

, \ I 1  connections between bodies are regarded as suspensions and must have a charactcr.istic. 

'Thcl- arc divided into the 3 principal directions. Rotational suspensions, such as an anti-roll 

I)ar, tnkc their direction from the axis about which they rotate. Thus, the total nunlbcr of x 

suspcnsions is the sum of both translational suspensions, in the x direction, and rotntio~lal 

stispcnsions about the x axis. , . ..c 

To minimize the time of the program run, it is often advantageous to cornbille pairs of linear 

suspcnsions into a single rotational one, reducing the number of suspensions cnlculatcd. For 

c ~ ~ r n p i c ,  two longitudinal, q suspensions between the axle ends and a truck fr'lrnc nl.ly bc 

rcplaced by a single yaw suspension in z. No other longitudinal suspension is required, sincc 

llle nslc is assumed to travel at the same constant speed, along the track, as the car body. It is 

,7150 bcst to combine suspension elements which are parallel functions of the same variable 



into a single suspension, with a combined characteristic. Thus the springs which comprise the 

suspcnsion in the sideframe of a 3-piece truck may not have individually the same 

characteristic, but should be represented by their combined characteristic as a spring group. 

-Cornplcte the following tables for each X, Y, and Z connection, 

identifying the following required variables against its number, 
its position rclative to the chosen datum in inches; 

tllc number of the body at each of its ends; 
whcrhcr the connection is one of translation 1 or rotation 2; 

tl lc typc 1 - parallel pair of spring and damper characteristics 
2 - serics pair of spring and damper characteristics 

3 - dcvicc with hysteresis between 2 PWL 
charactcristic., e.g. carriage spring; 

and  the number designating each pair of type 1 ,2  and 3. 
Notc - single characteristics are treated as parallel pairs with the 

missing characteristic set to zero in the subsequent table. 
-C:oniplcte for all X connections in turn, 

Susp no. Position in x,y,z Body 1 Body 2 TransIRot Type Sr Pair no 

-C'olnplclc for all Y connections in turn, 
Susp no. Position in x,y,z Body 1 Body 2 TransIRot Type & Pair no 

- 1 0.0 - 0.0 18.0 - 1 - 2 - 1 - 1 - 1 
- 2 -438.0 LO t8.0 - 1 3 - 1 - 1 - 1 

-Complete for all Z connections in turn, 
Susp no. Position in x,y,z Body 1 Body 2 TransIRot Type & Pair no 

- 1 0.0 - 0.0 - 18.0 - 1 - 2 - 2 - 1 - 2 

- 7 -438.0 0.0 18.0 - 1 - 3 - 2 - 1 - 2 

- 3 - etc 

The above information is required for the location, connecting bodies, and type of each 

suspension or connection. In the example shown, there are no X-suspensions, and 
conscquently a single blank line is required. The bodies for each connection are designated by 

thcir number from the list of bodies, given in the second set of values above. 

All connections are assumed to have a pair of characteristics. For connections which comprise 

damping or stiffness only, the parallel pair should be chosen, and the absent characterislic 
indicated by a zero in the list of parallel pairs below. In genera!, the pairs may be dampers 

and springs in parallel or in series, or hysteresis elements, which require upper and lower 

bounds to the stiffness characteristic. All characteristics are piecewise linear, that is they are 

made up of a series of straight h e s .  They are discussed more completely under the data 
requircd for their characteristics. The numbering of the pairs is separate for each of the three 

types indicated, say, l...nl for type 1, l...n2 for type 2, and l...n3 for type 3. Each type list 
may contain both translating and rotating suspensions. 



-List for cnch pair of type 1 - parallel connections, its number, 

thc iticntification numbers of the piecewise Linear characteristics 

for thc stiffness and damping respectively, z r o  if absent, and 

tllc combined force or moment limit in extn & compn, Ib or Ib-in. 
(If no limit exists, set the F-values outside the expected range.) 

Pair no. Stiff PWL Damp PWL F-extn. F-compn. 

- 1 - 5 - 6 l.OEO$ -1 .OE08 

- 2 - etc. 

This list of parallel pairs of spring and damper characteristics, requires an identification 

nurnbcr for each, so that the program knows which characteristic to use from the list of tllesc 

gi:cn below. Thus, in the example given the stiffness characteristic is nurnbcr 5 from the 

pi:cc\\.ise linearity, or PWL list, and the damping is number 6. 

Ti?r irltlividual characteristics, i.e. springs without damping or damping without stiffncss, thc 
nil~lll~cr of the missing characteristic is set to zero. For example if the spring in pair I (lid 

not cxist, the entry would 

I?c. 

Pair no. Stiff PWL Damp PWL F-extn F-compn 

A n  ncltlitional feature of the parallel pairs is that you can choose a limiting force or nlonlcnt, 

i n  Ib, or 1b.-in., for the combined pair. This is useful, for example, where it is rcquircd to 

represent a separation of a body from its suspension group, such as the lift of the body fl.0111 

n corribincd spring/damper group at its unloaded length. In this case the F-cxtn. would IIC sct 

to n.0. If not required, the limit must be set outside the expected rangc. A displacement linlit, 

suLl1 as that representing the closing of a spring's coils, can always be added as a sutltlcn 

incrcasc in stiffness in the spring part of the combined characteristic. 

r 
-LA[ t o r  c:~ch pair of type 2 - series connections, its number, 

rhc itlcntification numbers of the piecewise linear characteristics 

Sor lh: slirfness and damping respectively, and the stroke limit 

i n  ;\r:r~.;ion S( compression for the pair, in or rad, and the stiffness 

of tllc slop at the limit in Ib/in or lb-in/rad. 

i l f n J  limit exists, set the S-values outside the expected range.) 

Pair no. Stiff PWL Damp PWL S-extn. S-compn. Stop K 

- 1 - 3 - 4 1 .OE00 -1.OE00 1 .OE08 

Thc series connections are listed in a manner similar to the previous parallel connections. 

Hmcver, they too have some special features, and one important constraint. The constraint is 

in the damper characteristic. A positive slope is necessary to permit the inversion of the 



damping characteristic in the algorithm used to solve for the motion at the interrnediatc point 

connecting the spring and damper. Thus, in the series damper element, there cannot be a 
constant force, independent of velocity. This might seem to eliminate the friction or 

saturating element. The difficulty is easily overcome by providing the characteristic for the 

damper ,with a small slope at all points. This is illustrated below, in the setting up of data for 

the piecewise linear characteristics. 

Since placing a stop on the movement of the spring in the series element does not limit the 

travel of the pair, an additional feature has been added to permit this. The extension or 

compression at which this occurs must be stated as shown, together with the required stop 

stirhcss. If  no stop is required, the extension and/or compression must be set outside ihe 

cxpccted range. 

-List thc type 3 - hystcrcsis loop characteristics, identifying its 

nunlbcr, the numbers of the piecewise linear characteristics and the 

bcrn exponent during extcnsion and during compression respectively. 

1,nop no. -- Extn PWL Extn Reta C o m ~  P\VL Comr, Beta 

- I 1 - 0.05 d - 0.05 

The hysteresis loop characteristic consists of 2 force-displacement characteristics, for~ning 

asymptotes for the movement of the suspension. One asymptotc is approached during 

conlpression and the other during tension. The speed with which the asymptote is 

approached, in either sense, is an exponential function of the distance away from the 

asymptote and a controlling constant, called beta. Beta must be given and may be different in 

extcnsion and compression. The values given are typical. 

Onc example of a suspension with hysteresis is the parallel combination of a spring and a 

Coulomb friction damper. In the hysteresis pair representation, the asymptotes on the 

force-displacement plot have the slope and shape of the characteristic of the spring, separntetl 

by the addition of the force due to the friction, in the direction appropriate to compression 

or extension. It is usually more convenient to use the parallel pair to represcnt this 

suspcnsion. However, there are circumstances where the asymptotes in extension and 

compression are not parallel, such as in the carriage or leaf spring. In this case the separation 

of the asymptotes, caused by the friction, varies with the value and direction of the 

displacement and a hysteresis representation is appropriate. The value of beta must be 

determined from experimental data. 



-How many dillerent pieccwise linear, (PWL), characteristics are required 

- 10 

-List the data required for the connection characteristics, 

the nurnbcr of Break Points in each PWL characteristic, 

- 4 A 2 4 4 3 3 3 3 3  
PWL Ordinate, Ib or Ib-in, over abscissa, in or rad, at each Break Pt 

- 1 -3.6E05 -538EOJ 338EO-l 3,6E05 
-0.0481 4.0224 0.0224 0.0481 

2 - -1.56E0.1 -1.56E04 1.56EO.I 1.56EO.I 

- -1 .o - -0.02 - 0.02 - 1 .O 
-7 cfc. 

All t hc nonlinear suspension characteristics are represented by piecewise linear elcrncnrs 2nd 

the shapcs and values are reduced to idcntifymg the values at the corners, or Break Poinls. 

' r l ~ c  csrrcrne ends of the shapes are extrapolated linearly to infinity at the last slopc ant1 (lo 

not represent a limit to the excursion. 

Thc yaw stiffness characteristic of PWL 1 above, is plotted in the graph below. The 

cllaracteristic is for a yaw suspension, with stops. In this car model, difficulty was obtniucd 

in providing analytically stable running, for cases where the angle across the suspension 

caused it to hit the stops. The slope at the stops is intentionally low at about 107 Ib-in/rnd. 

Stiff springs may often be represented by values of 10s Ib-in/rad for rotational springs and 

10s Ib/in for translational springs, when using a step length for the run of 0.5 rnscc. l'he 

example demonstrates the importance of checking the validity of the data, not only i n  

rc1)resenting the actual suspension stiffness, but also in giving a stable analytical result. 



Moment (lb-in) 
400 

-400 

-0.05 -0.03 -0.01 0.01 0.03 0.05 

Angle (racls) 
Yaw S t i f fne s s  w i t h  S tops  

The yaw damping characteristic of PWL 2 above is shown in the next graph. The "leading 
cdgc" of the characteristic, which might be nearly vertical in reality, is made less steep, to 
prcvcnt analytic instabilities and inaccuracies. For a step length of 0.5 msec., a reasonable 
guess for the leading edge slope is 106 Ib-in-sec/rad for a rotational and 103 Ib-sec/in for a 
translational element. However, the value should always be confirmed by ensuring that no 
change in the response occurs for small variations around that chosen. It must be large 

enough for accuracy in the model and small enough for analytic stability. The accuracy of the 
modcl can be best determined by examining the force and velocity across the element, during 

the run, to ensure that it is generally stable. If slipping is expected, the velocity should 

appear beyond the range of the leading edge. A f i s t  approximation for the appropriate value 

may often be determined from an assessment of that required to give critical damping for the 
system, in the dominant mode affected. 

As stated previously, a damping characteristic with a constant force, would not be acccptablc 

Cor a scrics suspension pair. For this purpose their must be no horizontal lines. The figure, 
~hcreforc, also illustrates the characteristic with a slope added to overcome the difficulty. A 

small slope is adequate. 



h loment (lb- in) 

Angular  vel (racls/sec) 

Yaw Frict ion for Series Pair  

Thc final type of car suspension, requiring two PWL characteristics, is the hysteresis 

suspension. The form of the asymptotes for a vertical leaf spring suspension is givcn i n  lhe 

graph below. The two characteristics for this example are, 

P\\'L Ordinate, ......, over abscissa, ........, at each Break Pt 

-Khc lines in this case are nearly parallel and may be represented approximately by a pnl.nllel 

pair with a stiffness equal to the mean of the stiffnesses and a friction level of half  he 

dil'fcrence in force between the lines. It is important to note the direction of the plot ant1 the 

fact that the zero is for the unloaded state. The normal weight of the car will put the stalic 

position beIow zero and to the left, or  in compression, by an amount equal to the static load 

on I he suspension. 



V e r  t 

- 4 - 3 - 2  - I  0 I 

Vertical  d i sp lacement  ( in )  

Hysteresis in Vert ical  Suspension 

Two final pieces of data, not strictly car data, are required to complete the car file. The 
model in NUCARS calculates the vertical force between the wheel and rail assuming that the 
rail has vertical flexibility. This permits a more accurate model of the vehicle to track 
interaction, retaining a simpler method of analysis. It also permits the force between the 

wheel and rail to be set to zero during wheel lift. The values suggested below are rensonnble 

for the general state of track and provide stable analytical results. 

-Provide information on the linear vertical rail characteristics 

Stilrness Ib/in Damping Ib-sec/i 

1 .OEM 1 ,OE03 





6 SETTING UP A NEW RUN FILE 

This section gives an explanation of thd data required for the program run, and the format in 
which i t  must be provided. An empty fiIe has been provided on Disk 1, called EMPTY.RUN, 

which can be copied on to another name of your- choice. Under your new name, this file can 

be used to add your own data for the car you wish to study. You will require a word 

processor, suitable for editing ASCII text files, for this purpose. 

The format of the run file is similar to that of the car file. It is described again here for 
rcaders who have started with this file: If you have already read thc car file format 

description, please proceed to the beginning of the file creation. 

Both input ASCII files, required by NUCARS, are arranged as Fortran 77, standard 
list-dirccted input files. The descriptive comments provided in them, are expected by 
NUCARS to take a prearranged number of lines. The messages may be reworded to suit your 

own way of describing the required values, but the number of lines taken must be the same 
as those provided in the examples. All names, other than the initial title in the run file, are 

list-directed character strings and must be entered between single quotation marks, as 
requested. 

Any list of values must be separated by "value separators". In general, these may be a comma, 

one or more blanks, an end-of-record or a slash, /. The file discussed below is given blanks 

as value separators. Using a slash, /, stops execution at the previous value and is not used. 

Thc end-of-record separator permits the "wrapping" of a long list of values on to thc nest 
line, although this has not been necessary in the examples used. 

The data required for the car file is now described, following the general format in the 
EMPTY.RUN file provided. As in previous sections the values you are required to furnish 
are shown bold and underlined. First, part of the data is given, outlined in a box, together 

with a sample list of values. This is followed by a fuller description, with other examples 
where necessary as an aid to understanding. 

-This file is required for a run of NUCARS, Version S 
------------------------------------------------------------------------- 
-Enter data below the names given, (integers begin with letter I) 
......................................................................... 
-Enter a title up to 80 characters long on the next line, 

- ?O mp11 thro' a lateral alignment sin wave: CNH132S. s t e ~  = 0.5, mu = 0.4 

The title inserted here is repeated on graphs and data throughout the output data and files. It 
is therefore useful, if not vital, that it contains as complete a description of the run as 

possible in the space of the one line or 80 characters permitted. You may wish to develop a 

standard short method of identiFying your runs. Quotation marks should not be used here. 



-Clioosc thc wheel and rail profile geometry, 

1 = ncw AAR 1/20 on AREA 132 Ib/yd rail, standard gauge 

2 = ncw AAR 1/20 on AREA 136 Ib/yd rail, standard gauge 

3 = avcrage worn wheel on AREA 132 Ib/yd rail, standard gauge 

1 = a\Icrage worn wheel on AREA 136 Ib/yd rail, standard gauge 

5 = nclv CN Heumann wheel on AREA 132 Ib/yd rail, standard gauge 

0 = new CN Heumann wheel on AREA 136 Ib/yd rail, standard gauge 

7 = new CN Heurnann wheel on AREA l36 Ib/yd rail, 1 in wide gauge 

8 = ncw CN Heumann wheel on AREA 136 Ib/yd rail, 1/2fl tie plates 

- 5 

Tllc whccl/rail geometries provided, cover a reasonable cross section of those found in ?!orth 

Arncrica. The choice is important. Worn wheels are knoun to improve steering in cr~l-\.cs and 

cncourngc hunting. A similar effect is apparently true for the Canadian National Rail\v;~!.s 

motlillctl Flcumann, here called the CN Heumann, which is in increasing use. IT run.< are 

rccluirctl through track which generally has wide gauge, it is more accurate to usc n 1)rofilc 

gcolnctry with wide gauge than to use the lateral rail perturbations to widen it. ?'his is duc to 

t hc nn~ure of the assumptions made in calculating the wheel-on-rail forces. 

-X:~nic of car data input & file for subsequent print & plot for this run 

nlust 1)s cnlcred below their names IN SINGLE QUOTES, 

C:.t\ R FI L OUTFIL 
' Ics t .c;\r' 'test.out' 

As indicated, choose your own names, but don't forget the 'single quotes'. 

-1ntcgrntion control constants, DD is the interval for OUTS, & GRAF, 

c1ltc.r 0.0 if GRAF not required, max, plot points = 800. The indicators 

L)r tlic scrccn display at the end of the run, IFEND, & for wheel lift & 

tlcrailrncllt messages & pauses during the run, IFMSG, 1 = yes, 2 = no. 

DSI'EP DSTOP DDOUTS DDGRAF IFEND IFhlSG 
< IIlSCC. > c rt. > < ft .  > < ft.  > < # >  < # >  

- 0.5 400.0 - 1 .o 100.0 - 1 - 1. 

The integration control constants are as follows, 

DSTEP - The integration step length in msecs., 0 .  is a good 

starting guess. hlake the value as large as possible, 

consistent with analytically stable running. It is 
generally wise to try several values, looking h r  

the largest which gives the same response, and an 



analytically stable result. 
DSTOP - The end of the run in feet. 
DDOUTS - The step, in feet, between output of the required 

values to OUTFIL. It should be noted that there cannot 
be more than 800 output points. So that, for example, 
if DSTOP is greater than 800 feet, DDOUTS should be 
increased to 2.0. 

DDGRAF - The distance, in feet, between screen displays. If 
these are not required, set this value to 0.0. 

IFEND - Set to 1 if the screen display, chosen, is required 
to be given at the end of the run. 

IFMSG - Provision is made for messages to be sent to the 
screen, in the event of a wheel lift, or a lateral 
wheel displacement beyond the wheel/rail geometry, 

termed a derailment. Each message requires a response 
and stops the program run. 
The continuation, especially beyond a derailment, may 
hang the computer. However, in some cases, the display, 
noting the event on the screen is not required and can 
be eliminated by setting IFMSG to 2. 

11 -Elrtcr the forward velocily in mph and friction coefficients on the 11 
11 left and right treads ; left and right flanges 11 

VMPH MU(1) MU(3) MU(4) 

- 0.4 - 0.4 - 03 - 0 3  

The speed chosen is assumed to be constant throughout the run. There is provision in the 
program for changing the coefficient of friction when passing from the tread to the flange on 

either side. The values chosen may be different, as for the case of flange lubrication. 



-TR.\CK AND RAIL INPUTS 
-Thc following list, is required for the track curves. It consists of 

dis~sncc dong the track, in feet, curvature at that distance, in 

dcgrecs, Sr track superelevation, high rail above low, in inches, also 

:I[ that distance. N.B. Positive curvature and elevation are indicated 

I ) \  thcir tlircction of rotation about the z & x axes, with z upwards. 

Curv:~turc is -vc with i v e  track superelevation, if to the right. 

t-I(o\v many distances and values of curvature and elevation ? (max = 20) 
4 

The!: arc - Distance-ft Curvature-deg Elevation-in 

- 0.0 - 0.0 - 0.0 
- 100.0 &!I &!I 

-10.0 - 4.5 
Z000.0 -10.0 - 4.5 

1'111: abovc tabular information defines !he track dcsign for the required run. A linciir 

in~crpolation is made between the points along the track identified. The csan~plc data 

provitlcti may be described as follows, 

A 100 foot section which has no curve or elevation, allowing 

thc car position to settle prior to, 

A spiral to the right, with curvature increasing to 10 degrees 

and track superelevation to 4.5 inches, at 250 feet, 

followed by, 

A stcady curve of 10 degrees to the right with superelevation of 

4.5 inches, beyond the required run length. 

You may find it preferable to use the negative, or right-hand curve, since this givcs posirivc 

1:itcral displacementsto the output, i.e. upwards on the graphs. The track appears as in  [lie 

rollowing figure. 



100 FT 

NOTE : 
RIGHT H A N D  C U R V E  HAS 

x N E G A T I V E  C U R V A T U R E  
A N D  P O S I T I V E  S ' E L E V A T I O N  

4 
ZERO F T  

T R A C K  G E O M E T R Y  INPUT 

-'The following information is required for the rail perturbations 

The parameters, XCYL,'XCZL, XDYL, XDZL, and XCYR, XCZR, XDYR, XDZR, 
governing the shape of the rail perturbations, must be listed for the 

four shapes offered, CUSP, BEND, SIN, and SSAW respectively. 

XC = characteristic length, XD = dist. over which the shape repeats, 

Y = lateral, Z = vertical, L = left, & R = right rail, respectively. 
They are in inches. 

XCYL XCZL m n  XDZL xcm x c z ~  XDYR XDZR 
'CUSP' 96.0 96.0 468.0 468.0 %.O 96.0 468.0 468.0 

'BENDs 96.0 96.0 468.0 468.0 96.0 96.0 468.0 468.0 

'SIN' 468.0 4 68.0 468.0 468.0 468.0 468.0 468.0 468.0 

'SSAW' 900.0 9 00.0 1800.0 1800.0 900.0 900.0 1800.0 1800.0 

The data above is required to define the amplitude of the perturbation in the rail from such 

causes as dips at the joints or lateral sinusoidal patterns. Four shapes are possible and the 
displacement due to each is summed to give the total perturbation of each rail, in the lateral 

and vertical direction. The values given in the example, for the exponential cusp and bend, 
are typical of those required for jointed rail. Thc four shapes are itlustrated below. 



EXP. CUSP 

ESP. BEND 

SINUSOID 

RAIL SHAPES 

- tl,?w many scgments are required for the left rail ? ( max= 10 ) 
3 

.-Th:. amplitudes of each perturbed shape on the left rail, inches, are 
yi.t:n below the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 
'S:nd(l't)' 100.0 - 217.0 2000.0 

L.trcrn1 

'CUSP' 0.000 - 0.500 - 1 .OOO 
'DEN D' 0.000 o.000 0.000 

'SIN ' o.000 o.000 _o.oOO 
! -. . 
bbr\\V' 0.000 0.000 0.000 

\ 'cr [ ical  

'CL'SP' o.000 -0250 -0.500 
'BEND'  o.000 - 0.000 

.sly ' 0.000 0.000 0.000 
'SS.A\V' 0.000 0.000 1).000 



The example above, for the left or outer rail in the curve, provides perfect rail for thc first 
100 feet, followed by rail joints giving outward and downward cusps at the joints. The 
amplitude of the cusps are 0 5  h. outwards and 0.25 in. downwards in the spiral and twice 
these values in the full curve. 

-How many segments are required for the right rail ? ( max= 10 ) 

- 3 
-The amplitudes of each perturbed shape on the right rail, inches, are 
givcn bclow the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 
'Xcnd(ft)' 2000.0 

Lateral 
'CUSP' 0.000 0.000 9.000 
'BEND' 0.000 o.000 0.000 
'SIN ' 0.000 0.000 - 0.000 
'SSAW' 0.000 0.000 D.ooO 
Vcrtical 

'CUSP' 0.000 -0.250 -0.500 
'BEND' O.OOQ o.000 ).000 

'SIN ' 0.000 0.000 - 0.000 
'SSAW' 0.000 0.000 .b!m 

For the right or inner rail in the curve, the perfect rail for the first 119.5 feet is followed by 
rail joints with downward cusps at the joints. The amplitude of the cusps are 0.25 in. 
downwards in the spiral and 0.5 in. in the full curve. 

-INITIAL CONDITIONS for the CAR 

-Provide the starting position of each bodylaxle degree of freedom, 
in turn, in the same order as that given in the car file, (CARFIL), 

- 0.0 - -1.4 O.Q 0.0 0.0 0.0 0.0 0.OSS OJ 

- 0.0 - 0.0 0.0 0.0 

- 0.0 - 0.0 0.0 0.0 
-Provide the starting velocity of each body/axle degree of freedom, 

in turn, in the same order as that given in the car file, 

- 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 

- 0.0 - 0.0 0.0 0.0 

- 0.0 - 0.0 0.0 0.0 
-Provide the starting vertical position of the rail at each axle, 

in turn, Left Right 

- 0.0 a!? 
44 0.0 



Tllc initial position and velocity must be given for each of the degrees of freedom, previously 

itlcntificd in the car data file. These are often zero, but may be offset, for example, to 

initiatc hunting. The vertical position may be defmed to reflect the static vertical position, as 

shown for the car body, reducing the settling time. 

- - 

-SELECTION OF OUTPUT 
The. following data are selected from the Lists of variables computed 

to dcfinc a vector of output variables for subsequent printing 

:rntl/or plotting. The variables are identified from their names as, 

IN  = irircger number of :- 

C U R ,  ELV - track curvature & elevation; 

(1 - DoF's, Q D  - vels, QDD - accns; F - total forcing terms on DoFs; 

SS,SY,SZ '9c SDX,SDY,SDZ - x,y,z suspn. strokes & stroke velocities; 

17S,FY,FZ - x,y,z forces or moments on the suspensions; 

TR,TS,TY - axle roll, pitch (or spin about axle center), yaw torques; 

1-[.N,FLT,FVR . longitudinal, la!eral and vertical wheel forces; 

1tL.V - FL?'/FVR, (L/V), lateral to vertical force ratio; 

\\'LV - aslcs for combined sum of absolute wheel L/V's, (Weinstock); 

SLV - nu~ilbcr of combinations of sums of L's over sum of V's by side; 

I<\' - nslcs for rail lateral positions with flnngeway clearance. 

IKCUR INELV INQ INQD INQD INF 

- 1 - 1 10 - 0 D - 0 
l NSS INSY INSZ INSDX 4 INSDZ INFX INFY INFZ 

- 0 - 2 - 0 - 0 INSDY _O - 0 - 2 - 0 
l NTR INTS INTY INFLN _2 INFVR INRLV 1NWL INSLV INRY 

- 0 - 0 - 2 - 0 INFLT _4 - 4 V - 1 - 4 

Thc total number of each of the above outputs, depends upon the selection made below. I t  is 

tllcrcforc best to select the outputs first and count them for later insertion in the sccrion 

nl?ovc. 

-Thc cuwnture of track at center of the masses numbered as in CARFIL 

- ? 

-1'llc clcv:l[ion of track at center of the masses numbered as in CARFIL 

- 7 

11' thc lead axle is chosen for the datum, it is useful to select the curvature and supcrclc\~a~ion 

at this position. This choice is, of course, not necessary on straight track. 



-List the degrees of freedom of required masses with their designation 

1 =Lon, 2=Lat, 3=Ver, 4=RoU, 5=Ptch, 6=Yaw, 7=Twist, 8=V.bend, 9=L.bend 

Mass no. No. DOCS reqd? List of Dof numbers as above. 

- 1 - 4 - 2 4 4 2  
- 2 . 3  - 2 3 5  
- 3 3 - 2 4 5  

-List the 1st derivatives or velocities as for the degrees of freedom 
Mass no. No. Vel's reqd? List 1 =long, 2= lat, 3 =vert, 4= roll etc. 

-List thc 2nd derivatives or accelerations as for the degrees of freedom 

no. No. Acc's reqd? List I= long, 2= lat, 3=vert, 4=roll etc. 

-List [he forces or moments in the directions of the degrees of freedom 

Mass no. No. Forces reqd? List 1 =long, 2= lat, 3=vert, 4= roll etc. 

Tn NUCARS, an equation of motion is written for each degree of freedom chosen in the car 

file relative to the local track coordinate system. This process is generally transparent to the 
uscr. However the value of the variable, its derivative, its second derivative or the total 

forcing term in any of the equations, may be selected as an output, using the data requested 

above. The inserted data takes the form given for the variables. The degree of freedom is 

sclccted by identifying the mass on which it occurs, and its number as one of a choscn group. 

-The list of x suspension strokes in the order chosen in CARFIL 

-The list of y suspension strokes in the order chosen in CARFIL 

_r 
-Thc list of z suspension strokes in the order chosen in CARFIL 

-The list of x suspension stroke velocities in the order chosen in CARFIL 

-The list of y suspension stroke velocities in the order chosen in CARFIL 

1 2  
-The list of z suspension stroke velocities in the order chosen in CARFIL 

-Thc list of x suspension forces in the order chosen in CARFIL 

-The list of y suspension forces in the order chosen in CARFIL 

I 2  
-Thc list of z suspension forces in the order chosen in CARFIL 



Any suspension, having the direction and number chosen in the car file, may be sclcctcd Tor 

o u t p u t .  This may be in the form of the displacement or velocity across it, or thc forcc or 

moment through it. The only exceptions are for the parallel suspensions \vithout damping, 
which do not have the velocity calculated, and those without stiffness, which do not have a 
displ accment calculated. 

II -The torques on the axles in roll, listed by axle number 

I1 -Thc  torques on the axles in pitch, (spin), listed by axle number 

II -The  torqucs on the axles in yaw, listed by axle number 

1 2  

The forces between the wheel and rail are important in any assessment of the performancc of 

~l ic  vehicle, and are therefore included in the list of output variables. These forces take t\\o 

forms. First as an option are the torques on the axle about the three axes x, y, ant1 z. Thc y 

torquc is balanced during the computation, and is included for checking the validity of [lie 

run. The yaw or z torque is important in assessing the overall balance of thc suspcnsiotl in 

curving. The choices are made by listing the axles on which the torques are required. 

-The  longiludinal force on each wheel by side, (l=left,2=right), 

over the chosen axle numbers 

-The lateral force on each wheel by side, (1 =left,2=right), 

over the chosen axle numbers 

- 1 2 J Z  
- 1 4 2 2  

-The 1.crtical force on the wheel by side, (1 = left,2= right), 

over the chosen axle numbers 

- 1 2 1 2  - 

r . ! u  

Pro\.ision is also made for the individual wheel forces to be output. These permit a cnrcrul 

stutly of the guiding forces. The wheel forces are chosen by listing the side required, 1 Tor 

lcl't and 2 for right, above the axle numbers as for the torques. 



-Thc latcral to vertical force ratio on each wheel by side, 
(1 = left,2 = right), over the chosen axle numbers 

- 1 2 J 2  
- 1 1 2 2  

-The sun1 of the absolute values of lateral to vertical force ratios 
on any mle by its number; the Weinstock criterion 

1 2  
-The sum of lateral to sum of vertical forces on a combination of wheels 

dcsignoted by the number of wheels, over the required side, 
(1 = left,2= right), over a list of the axle numbers 

- 2 

- 1 

1 2  

Certain important derived values have been added to the output options. The best knoin of 
these is thc L/V ratio, calculated directly from the lateral and vertical forces in the preceding 
block, and chosen by listing them in a manner similar to the wheel forces. 

Two further dcrived variables may be chosen. The sum of the absolute values of the L/V 

ratio on any axle is a useful guide to its proximity to wheel climb. A criterion using this 

v;lriablc was proposed by Weinstock of the Transportation Systems Center as an improvement 
to Nadal's criterion from individual wheel L/V values. The second derived variable has been 

used frequently to assess the proximity to rail rollover. It consists of the sum of the Interal 
forces divided by the sum of the vertical forces on the axles on the same sidc of a truck or 

car. Several groupings are possible. For a standard car with two 3-piece trucks, the values for 
both trucks, separately, on the left side, could be chosen as follows, 

-The sum of lateral to sum of vertical forces on a comb.. wheels 

designated by the number of wheels, over the required side, 
(1 = left,2=right), over a list of the axle numbers 

2 2 
1 1  
1 2 3 A  

-Tile latcral rail position, with flangeway clearance, by side, 
(1 = Icft,2= right), over the chosen axle numbers 

_12_12 
- l r 2 2  



Thc Intcral rail position may be compared directly to the lateral position of  the axle, to asscss 

rhc proximity to flange contact. To  improve the display, the clearance between the whccl and 

rail, with the axle centered, is added to the lateral rail position. The method of choosing of 

[llcse output values is identical to that used for the wheel forces. 

-3urnbcr of X,Y, and Z tranducers for which to calculate output respor~ses 

IALLXT JALLYT IALLZT 

- 0 - 2 - 2 
-List for each transducer, beginning with X directional transducers: 

Thc nunlber of the body on which the transducer is mounted; 

\\ I i c~ l i c r  i t  is translational = 1, or rotational = 2, 

rhc type of transducer, 1 = displacement, 2 = velocity, 3 = acceln; 

f N, Y ,Z coordinates of the location of transducers, in inches. 

N Tr,~nsduccr parameters for 

Dotly no. Trans/Rot Type Posn in x,y,z 

'I' 'TI ;~nstluccr parameters for 

I3otly no. TransIRot Type Posn in qy,z 

- I - 1 - 3 - 0.0 - 0.0 - 30.0 

- 1 - 1 3 -430.0 0.0 - 30.0 
% 'l'ransducer parameters for 

Botly no. Trans/Rot Type Posn in x,y,z 

- 1 - 1 3 0.0 - 0.0 - 30.0 
I 1 - 1 3 -430.0 - 0.0 - 30.0 
L- - 

NUCARS provides a general capability for adding transducers to the car at any position and 

on any body, excluding the axles. These transducers may be displacement, vcloci~y or 

acceleration. Translational acceleration is output in units of gravity, sincc niost lillcar 

accclcrorncters are calibrated in these units. The translational displacements are in inches and 

rhc velocities in in./sec. Rotational transducers may also be chosen. These are in degrees or 

[heir time derivatives. The position is stated relative to the same datum as that choscn for the 

mcnsurernents of the car in the car file. The chosen transducers are added to the end of [lie 

list of output variables and may also be chosen for screen display below. 

OUTPUT - also used to define the printed output variables ! 

, 
I-lo\\. many graphs are required to be screened at interval DDGRAF 

6 

-For cnch graph screened during the run, identify the no. of the output 

ardinntc, (y), over the abscissa, (x), using time = 1 and distance = 2 

and 3 onwards in the same order as the chosen output variables above. 

- 3 - 4 _9 11 1 2  1 4  

- 2 - 2 2 2 2 2  



Finally for the run file, the particular variables to be displayed on the screen during and/or 
at thc cnd of the run, must be chosen. They u e  chosen by number from the ordcr they arc 
requested in the output fde. Their display to the screen is time consuming during a run, and 
should be kept to the minimum required to see that the run is progressing as desired. For 

production running, it is often more convenient to eliminate them by choosing a distance of 
0.0 between displays. The display may be in any order. The sample display given abo\.e, is 

for the curvature, superelevation, and lateral and yaw displacements of the two axles. Thz list 
may also include cross plots between variables. Thus the list might have been, 

-For each graph screened during the run, identify the no ....p ut 

ordinate, (y), over the abscissa, (x), using time = 1 ....= 2 

and 3 onwards in the same order as the chosen output ..above. 

This omits the displacements of the axles, plots the curvature against time, adds the lateral 

and vcrtical transducers above the leading axle against distance, and adds cross plots of the 

total lateral suspension forces against their displacements, for each axle. 





7 ADDITIONAL DATA FOR CAR AND RUN FILES 

For simplicity, the case used in most of the preceding examples has been that of a 

structurally simple car with 2 single axle trucks. In section 7.1 the input data for the empty 

two axle light weight 'front-runner' car is presented. This data is exactly as used when 

performing the NUCARS validations and comparisons. Modelling the loaded car can be 
accomplished by modifying this input file with the addition of appropriate masses and 

suspensions to represent the trailer load. Alterations in the two axle car suspension will allow 

simulation of alternate two axle vehicle designs. 

In  section 7.2, a number of track scenarios are presented. These may be inserted directly into 

your own run files and are available on the second disk supplied, under the file name 

TRACK.DAT. They also give an overview of the possibilities, using the track definition 

providcd in NUCARS. Once again, it is important to check all values if thcy are used to 

define the track in your own run files. 



7.1 Tlic Lighhveigl~t Two Axle 'Front-Runner' car 

-CARFIL for NUCARS in Ib., in. & sec. unless otherwise stated. 
....................................................................... 
-Enler tlnta below the names given, (integers begin with letter I) 
-----------------------------------.----------------------
-FOR THE BODIES 

.I-low many Bodies (IBHV), and in addition how many axle bodies (IBAX) 

IBHV IBAX 

-List rile number, position of each body (& axle body) rel. to a datum 

on the track center, in., followed by the no. of degrees of freedom 

rcquirctl, followed by a list of degrees of freedom for each, in turn, 

irorn 1=x,  2=y, 3=2,4=phi, 5=theta, 6=psi, 7 = e p y  8=epsy, 9=epsz. 

Thc required 4 dcgrees of freedom for each axle are 2 3 4 G 

Ti-IE AXLE BODIES MUST BE LISTED LAST ! 

Botly no. Position in X, Y & Z No. of DoFs List of chosen DoF's 

-1ilcntiTy the track semi-gauge, and wheel radii for each axle, inches, 

I-IAFGAG 

-For rhc bodies which have flexible modes, give the position of each 

~ :omc~r ic  center, along the track from the datum, backward -ve, its 

lcngth in inches, the natural frequencies, in rad./sec, & the damping 

rntios in twist, vertical & lateral bending, as required. 

Body no. X-Posn X-Length Nat Frequency(rad/sec) Damping Ratio 

-List the mass, roll, pitch and yaw inertias, in  order 

For cilch body in order, excluding axles, 

For the axles, in turn, in the order defined above 

------------- 



-FOR THE CONNECTIONS 

ltlentily the following parameters 
-Number of X-conn., (WLLXS); Y-conn., (ZALLYS); Z-conn., (ZALLZS) 

IALLXS IALLYS IALLZS 

-Complete the following tables for each X, Y, and Z connection, 
idcllrilying the following required variables against its number, 

its position relative to the chosen datum in inches; 

the number of the body at each of its ends; 
whether the connection is one of translation 1 or rotation 2; 

rhc type 1 - parallel pair of spring and damper characteristics 
2 - series pair of spring and damper characteristics 
3 - device with hysteresis between 2 PWL 

characteristics, e.g. carriage spring; 
and the nurnbcr designating each pair of type 1 ,2  and 3. 

Notc - single characteristics are treated as parallel pairs with the 
missing characteristic set to zero in the subsequent table. 

-Complelc for all X connections in turn, 

Susp no. Position in x,y,z Body 1 Body 2 Trans/Rot Type & Pair no 

-Complete for all Y c o ~ e c t i o n s  in turn, 

Susp no. Position in qy,z Body 1 Body 2 TransIRot Type & Pair no 

-Complete for all Z connections in turn, 

Susp no. Position in x,y,z Body 1 Body 2 TransIRot Type SL Pair no 



-List lor each pair of type 1 - parallel connections, its number, 
the ictentification numbers of the piecewise linear characteristics 

Cor thc stilfness and damping respectively, zero if absent, and 
the combined force or moment limit in extn & compn, Ib or Ib-in. 

( I [  no limit exists, set the F-values outside the expected range.) 

Pair no. Stiff PWL Damp PWL F-extn. 

-List lor cach pair of type 2 - series connections, its number, 
[llc idcn[ification numbers of the piecewise linear characteristics 

I'or rhc stiifncss and damping respectively, and the stroke limit 
i n  cstension & compression for the pair, in or rad, and the stiffness 
or llic stop at the limit in Ib/in or Ib-in/rad. 

( I f  no limit exists, set the S-values outside the expected range.) 

Pair no. Stiff PWL Damp PWL S-extn. S-compn. Stop K 

-Lisl the type 3 - hysteresis loop characteristics, identifying its, 
number, the numbers of the piecewise h e a r  characteristics and the 

exponent during extension and during compression respectively. 

Loop no. Ext n PLVL Extn Beta Comp PWL Comp Beta 

- I-low m a n y  different piecewise linear, (PWL), char-istics are required 

10 

-Lisl lllc data required for the connection characteristics, 
thc number of Break Points in each PWL characteristic, 

PWL Ordinate, Ib Ib-in, over abscissa, in rad, at each Break Point 



9 -1.56E04 -1.56E04 1.56E04 1.56E04 

-1.0 -0.02 0.02 1.0 

3 -6.054E07 6.084E07 

-1.0 ' 1.0 

4 -1.5785E5 -9.36E4 -2.42E4 -2.06E4 2.06E4 2.42E4 9.36E4 1.57585E5 

-0.303 -0.017 -0.0054 -0.0026 0.0026 0.0054 0.017 0.0303 

5 -1.OE04 -3.58E03 -1.OE03 1.OE03 3.58E03 1 .OE04 

-1.30 -1.20 -0.90 0.W 1.20 1.30 

6 -9.OE02 -9.OE02 9.0E02 9.0E02 

-1.0 -0.009 0.009 1 .O 

7 -2.2E04 -1.OE04 4.755E03 

-3.661 -2.661 1 .O 

8 -2.51E04 -1.OE04 3.305E03 

-3.301 -2.301 1 .O 

9 -2.2E04 -1.OE04 4.73E03 

-3.66 -2.66 1.0 

10 -2.53E04 -1.OE04 3.33E03 

-3.31 -2.31 1 .O 

-Provide information on the linear vertical rail characteristics 

Stiffness Ib/in Damping lb-sec/in 

1.OE0.5 1.OE03 



7.2 AtJtlitional Track Scenarios 

-------------.----------------------------- 
Scenario no. 1 - Straight Unperturbed Track 
------------------------------------------- 
-TRACK AND RAIL INPUTS 

-Thc following list, is required for the track curves. It consists of 

a distance along thc track, in fcet, the curvature at that distance, 

tlcgrees, and the track elevation, high rail above low, inches, also 

at that distance. N.B. t v e  curvature and elevation are indicated 

by thcir direction of rotation about the z & x axes, with z upwards. 

Curvature is -ve with t v e  track superelevation, if to the right. 

Flow many distances and values of curvature and elevation ? (max = 20) 

2 

l'licy arc - Distance-ft Curvat ure-deg Elevation-in 

-Tlic rollowing information is required for the rail perturbations 

Thc pnramctcrs, XCYL. XCZL, XDYL, XDZL, and XCYR, XCZR, XDYR,  XDZR, 

governing the shape of [he rail perturbation, must be listed for the 

lour shnpes offered, CUSP, BEND, SIN, and SSAW respectively. 

NC = characteristic length, XD = dist over which the shape repeats, 

Y = lateral, and Z = vertical, L = left, and R = right rail, resp. 

They are in inches. 

XDZR 

XCYL XCZL XDYL XDZL XCYR XCZR XDYR 

'CUSP' 96.0 96.0 463.0 468.0 96.0 96.0 468.0 465.0 

'BEND' 96.0 96.0 468.0 465.0 96.0 96.0 465.0 465.0 

'SIN ' 468.0 4 68.0 463.0 468.0 468.0 468.0 468.0 465.0 

'SSAIV' 900.0 9 00.0 1800.0 1800.0 900.0 900.0 1800.0 1800.0 



-I-low many scgn~ents are required for the left rail ? ( rnax=lO ) 
1 

-Thc amplitudes of each perturbed shape on the left rail, inches, are 

given below the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 

Latcral 

'CUSP' 0.000 
'BEND' 0.000 

'SIN ' 0.000 

'SSA W' 0.000 

'CUSP' 0.000 

'BEND' 0.000 

'SIN ' 0.000 

'SSAW' 0.000 

-How many segments are required for the right rail ? ( max=lO ) 
1 

-Thc amplitudes of each perturbed shape on the right rail, inches, are 
givcn below the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 

Latcral -- etc. as for the left rail -- 



Sccnario no. 2 - 7 deg curve, 6 in elev, 120 ft spiral, no lead tangent 
------------.-------------------------------------------------------
-TRACK AND RAIL INPUTS 
-Thc following list, is required for the track curves. It consists of 

il tlistance along the track, in feet, the curvature at that distance, 

dcgrces, and the track elevation, high rail above low, inches, also 
at that distance. N.B. + ve curvature and elevation are indicated 

by thcir direction of rotation about the z & x axes, -4th z upwards. 

Curvi~tllre is -ve with t v e  track superelevation, if to the right. 

1 low many distances and values of curvature and elevation ? (max = 20) 

5 

-Tlx lollowing information is required for the rail perturbations 

Thc pnrametcrs, XCYL, XCZL, XDYL, XDZL, and XCYR, XCZR, XDYR, XDZR, 

governing the shape of the rail perturbation, must be listed for the 

four sh:rpes offered, CUSP, BEND, SIN, and SSAW respectively. 

XC = characteristic length, XD = dist over which the shape repeats, 

Y = Intcral, and Z = vertical, L = left, and R = right rail, rcsp. 

Thcy are in inches. 

XDZR 

XCYL XCZL XDYL XDZI, XCYR XCZR XDYR 

'CUSP' 96.0 96.0 468.0 468.0 96.0 96.0 468.0 468.0 

'BEND' 96.0 96.0 468.0 468.0 %.O 96.0 468.0 468.0 

'SIN ' 468.0 4 68.0 468.0 468.0 468.0 468.0 468.0 468.0 

'SSAW' M . 0  9 00.0 1800.0 1500.0 900.0 900.0 1800.0 1800.0 

--- 



-How many segments are required for the left rail ? ( max= 10 ) 
1 

-Thc amplitudes of each perturbed shape on the left rail, inches, are 
given below the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 

Latcral 

'CUSP' 0.000 
'BEND' 0.000 

'SIN ' 0.000 
'SSAW' 0.000 

Vcrt ical 

'CUSP' 0.000 

'BEND' 0.000 
'SIN ' 0.000 
'SSAW' 0.000 

-How many segments are required for the right rail ? ( max=lO ) 
1 

-The amplitudes of each perturbed shape on the right rail, inches, are 

givcn below the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 

Latcral -- etc. as for the left rail -- 



--------------------------------------------------------------------- 
Scenario no. 3 - 10 dcg curve, 5 in elev, 100 ft spirals, 100 ft lead 

-TRACK AM3 RAIL INPUTS 

-Thc following list, is required for the track curves. It consists of 
n distance along the track, in feet, the curvature at that distance, 
ticgrces, and the track elevation, high rail above low, inches, also 

:it that distance. N.B. t v e  curvature and elevation are indicated 
I)y thcir direction of rotation about the z & x axes, with z upwards. 
Curva[ure is -ve with t v e  track superelevation, if to the right. 

Flow many distances and values of curvature and elevation ? (max = 20) 
6 

l'hcy arc - Distance-ft Curvature-deg Elevation-in 

-Thc follo\ving information is required for thc rail perturbations 

l'hc parameters, XCYL, XCZL, XDYL, XDZL, and XCYR, XCZR, XDYR, XDZR, 
govcrrling the shape of the rail perturbation, must be listed for the 

four shapes offered, CUSP, BEND, SIN, and SSAW respectively. 
SC = characteristic length, XD = dist over which the shape repeats, 
Y = lateral, and Z = vertical, L = left, and R = right rail, resp. 
'They are in inches. 

XDZR 

XCYL XCZL XDYL XDZL XCYR XCZR XDYR 

'CUSP' 96.0 96.0 468.0 468.0 96.0 96.0 468.0 465.0 
'BEND' 96.0 96.0 48.0 468.0 96.0 96.0 468.0 468.0 
'SIN ' 468.0 4 68.0 468.0 468.0 468.0 468.0 468.0 468.0 
'SSA\V' 900.0 9 00.0 1800.0 1800.0 900.0 900.0 1800.0 1800.0 



-How many segments are required for the left rail ? ( max= 10 ) 
1 

-The amplitudes of each perturbed shape on the left rail, inches, are 

givcn below the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 

'Xcnd(T~)' 2000.0 

'CUSP' 0.000 

'BEND' 0.000 

'SIN ' 0.000 

'SSAW' 0.000 

'CUSP' 0.000 
'BEND' 0.000 
'SIN ' 0.000 
'SSAW' 0.000 

-How many segments are required for the right rail ? ( max=lO ) 
1 

-The amplitudes of each perturbed shape on the right rail, inches, are 

given below the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 

Lnteral -- etc. as for the left rail -- 



Sccnnrio no. 4 - 10 Staggered 39 f t  rail joints on tangent, 100 ft lead 
-----------.-----.-----------------------,.----------------------------- 

-TRACK AND RAIL INPUTS 
-1'hc following list, is required for the track curves. It consists of 

a distance along the track, in fe!:t, the curvature at that distance, 

tlcgrccs, and the track elevation, high rail above low, inches, also 
at that distance. N.B. tve  curvature and elevation are indicated 
I)y thcir direction of rotation about the z & x axes, with z upwards. 
C\rrvature is -ve with tve track superelevation, if to the right. 

I-low many distances and values of curvature and elevation ? (max = 20) 

2 

TIicy arc - Distance-it Curvature-deg Elevat ion-in 

-Tlic following information is required for the rail perturbations 

l'llc l)arameters, XCYL, XCZL, XDYL, XDZL, and XCYR, XCZR, XDYR, XDZR, 
governing t he shape oi Ihe rail perturbation, must be listed for the 
four shapes offered, CUSP, BEND, SIN, and SSAW respectively. 
XC = characteristic length, XD = dist over which the shape repeats, 
Y = lateral, and Z = vertical, L = left, and R = right rail, resp. 
'They arc in  inches. 

XDZR 

XCYL XCZL XDYL XDZL XCYR XCZR XDYR 

'CUSP' 96.0 96.0 468.0 468.0 96.0 96.0 468.0 468.0 

'BEND' 96.0 96.0 468.0 468.0 96.0 96.0 468.0 468.0 

'SIN ' 468.0 4 68.0 468.0 468.0 468.0 468.0 468.0 468.0 
'SSA\V' 900.0 9 00.0 1800.0 1800.0 900.0 900.0 1800.0 1800.0 



-How many segments are required for the left rail ? ( max= 10 ) 
3 

-The amplitudes of each perturbed shape on the left rail, inches, are 

givcn below the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 

'CUSP' 
'BEND' 
'SIN ' 

'SSAW' 

'CUSP' 

'BEND' 
'SIN ' 
'SSAW' 

-Flow many segments are required for the right rail ? ( max=lO ) 
3 

-The amplitudes of each perturbed shape on the right rail, inches, are 

given below the distance, in feet, to the end of the segment of rail 
dur ing which they occur, in order, 

Lateral -- etc. as for the left rail -- 



------------------------------------------------------------
Scenario no. 5 - 10 Symmetric 39 ft rail joints on tangent, 100 ft lead 
--------..----.------------------------------------------------
-TRACK AND RAIL INPUTS 

-Thc follo\ving list, is required for the track curves. It consists of 
n distance along the track, in feet, the curvature at that distance, 

llcgrccs, and the track elevation, high rail above low, inches, also 
;I[ that distance. N.B. t ve curvature and elevation are indicated 

by thcir direction of rotation about the z & x axes, with z upwards. 
Curvature is -ve with t v e  track superelevation, if to the right. 
How many distances and values of curvature and elevation ? (max = 20) 

Thcy arc - Distance-Tt Curvature-deg Elevation-in 

-1-hc follo\uing information is required for the rail perturbations 

l'hc parameters, XCYL, XCZL, XDYL, XDZL, and XCYR, XCZR, XDYR, XLIZR, 

governing the shape of the rail perturbation, must be listed for the 

four shnpcs offered, CUSP, BEND, SIN, and SSAW respectively. 
SC = characteristic length, XD = dist over which the shape repeats, 
Y = lateral, and Z = vertical, L = left, and R = right rail, resp. 
Thcy are in inches. 

XDZR 

x c n  x c z ~  XDYL XDZL XCYR x c z ~  XDYR 

'CUSP' 96.0 96.0 468.0 468.0 96.0 96.0 468.0 468.0 

'BEND' 96.0 96.0 468.0 468.0 %.O 96.0 468.0 468.0 

'SIN ' 468.0 468.0 468.0 468.0 468.0 468.0 468.0 468.0 

'SSAIV' 900.0 9 00.0 1800.0 1800.0 900.0 900.0 1800.0 1800.0 

----..----- 

------- 



-How many scgments are requircd for the left rail ? ( max= 10 ) 
3 

-The amplitudes of each perturbed shape on the left rail, inches, are 

given below the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 

Latcral 

'CUSP' 0.000 0.000 0.000 
'BEND' 0.000 0.000 0.000 

'SIN ' 0.000 0.000 0.000 
'SSAW' 0.000 0.000 0.000 

'CUSP' 0.000 -0.750 0.000 

'BEND' 0.000 0.000 0.000 

'SIN ' 0.000 0.000 0.000 

'SSAW' 0.000 0.000 0.000 

-How many scgments are required for the right rail ? ( max=lO ) 
3 

-Thc amplitudes of each perturbed shape on the right rail, inches, are 

givcn below the distance, in feet, to the end of the segment of rail 
during which thcy occur, in order, 

Lntcral -- ctc. as for the left rail -- 



Sccnario no. 6 - 36 ft long, 2 in. high, vert. bump at 100 ft, tangent 

-TRACK AND RAIL INPUTS 
-The following list, is required for the track curves. It consists of 

a distance along the track, in feet, the curvature at that distance, 

tlcgrccs, and the track elevation, high rail above low, inches, also 

at that tlistnnce. N.B. +ve curvature and elevation are indicated 

hy thcir direction of rotation about the z & x axes, with z upwards. 

Curvature is -ve with t v e  track superelevation, if to the right. 

t-low many distances and values of curvature and elevation ? (max = 20) 

2 

-1'lic rollowing information is required for the rail perturbations 

Thc parameters, XCYL, XCZL, XDYL, XDZL, and XCYR, XCZR, XDYR, XDZR, 

governing the shape of the rail perturbation, must be listed for the 

Sour sliapcs olfered, CUSP, BEND, SIN, and SSAW respectively. 

XC = characteristic length, XD = dist over which the shape repeats, 

L' = lateral, and Z = vertical, L = left, and R = right rail, resp. 

T'hcy are in inches. 

XDZR 

XCYL XCZL XDYL XDZL XCYR XCZR XDYR 

'CUSP' 96.0 96.0 468.0 468.0 %.O 96.0 468.0 465.0 

'BEND' 96.0 %.O 468.0 468.0 %.O %.O 468.0 468.0 

'SIN ' 468.0 468.0 468.0 468.0 468.0 468.0 468.0 468.0 

'SSAW' 900.0 9 00.0 1800.0 1800.0 900.0 900.0 1800.0 1800.0 



-How many segments are required for the left rail ? ( max= 10 ) 
5 

-The amplitudes of each perturbed shape on the left rail, inches, are 
given below the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 

Latcral 

'CUSP' 0.000 0.000 0.000 0.000 0.000 

'BEND' 0.000 0.000 0.000 0.000 0.000 

'SIN ' 0.000 0.000 0.000 0.000 0.000 

'SSAW' 0.000 0.000 0.000 0.000 0.000 

'CUSP' 0.000 0.000 0.000 0.000 0.000 

'13 END' 0.000 0.000 0.000 0.000 0.000 
'SIN ' 0.000 2.000 0.000 -2.000 0.000 

'SSAW' 0.000 0.000 0.000 0.000 0.000 

-How many scgmcnts are required for the right rail ? ( max= 10 ) 
5 

-Thc amplitudes of each perturbed shape on the right rail, inches, are 
given below the distance, in feet, to the end of the segment of rail 
dur ing  which they occur, in order, 

Lareral -- etc. as for the left rail -- 



..-------------------------------------------------------------------- 

Sicnnrio no. 7 - 5 alignment sinusiods, 39 ft wavelength, 1.25 in. p/p 

-TRACK AND RAIL INPUTS 

-The Following list, is required for the track curves. It consists of 
n distance along the track, in feet, the curvature at that distance, 
degrees, and the track elevation, high rail above low, inches, also 

at that distance. N.B. t ve curvature and elevation are indicated 

by tllcir direction of rotation about the z & x axes, with z apwards. 

Curvature is -ve with t v e  track superelevation, if to the right. 

Flow many distances and values of curvature and elevation ? (max = 20) 
2 

They are - Distance-ft Curvature-deg Elevation-in 

-The rollowing information is required for the rail perturbations 

Tlic parameters, XCYL, XCZL, XDYL, XDZL, and XCYR, XCZR, XDYR, XDZR, 

so\,crning the shape of thc rail perturbation, must be listed for the 

T o ~ J ~  shapes offered, CUSP, BEND, SIN, and SSAW respectively. 

SC = characteristic length, XD = dist over which the shape repeats, 

Y = lateral, and Z = vertical, L = left, and R = right rail, resp. 

Thcy are in inches. 

XDZR 

x c n  XCZL x D n  XDZL XCYR x c z ~  XDYR 

'C:USP' 96.0 96.0 468.0 468.0 %.O 96.0 468.0 465.0 

'REND' 96.0 %.O 468.0 468.0 %.O 96.0 468.0 468.0 

'S[N ' 465.0 468.0 468.0 468.0 468.0 468.0 468.0 468.0 

'SSAIV' 900.0 9 00.0 1800.0 1800.0 900.0 900.0 1800.0 1800.0 



-How many segments are required for the left rail ? ( max=lO) 

5 
-The amplitudes of each perturbed shape on the left rail, inches, are 
given bclow the distance, in feet, to the end of the segment of rail 

during which they occur, in order; 

'CUSP' 0.000 0.000 0.000 0.000 0.000 
'BEND' 0.000 0.000 0.000 0.000 0.000 
'SIN ' 0.000 0.625 -1.250 -0.625 0.000 
'SSAW' 0.000 0.000 0.000 0.000 0.000 

'CUSP' 0.000 0.000 0.000 0.000 0.000 
'BEND' 0.000 0.000 0.000 0.000 0.000 

'SIN ' 0.000 0.000 0.000 0.000 0.000 
'SSAW' 0.000 0.000 0.000 0.000 0 . m  

-How many segments are rcquired for the right rail 7 ( max=lO ) 
5 

-The amplitudes of each perturbed shape on the right rail, inches, e ow given belthdistance, 

are 
during which they occur, iin feet, to the end of the segment of rail 

n ordcr, 

Lateral -- etc. as for the left rail -- 



Sccnnrio no. 8 - Perturbed dynamic 12 degree curve 

-TRACK AND RAIL INPUTS 
-'Tlic follo\ving list, is required for the track curves. It consists of 

n distancc along the track, in feet, the curvature at that distance, 

tlcgrccs, and the track elevation, high rail above low, inches, also 

i ~ t  [hat distance. N.B. t ve  curvature and elevation are indicated 

by their direction of rotation about the z & x axes, with z upwards. 
Curviiture is -ve with t ve  track superelevation, if to the right. 

I low Inany distances and values of curvature and elevation ? (max = 20) 

4 

They arc - Distance-ft Curvature-deg Elevation-in 

-1'lic. following information is required for the rail perturbations 

Tl ic  parameters, XCYL, XCZL, XDYL, XDZL, and XCYR, XCZR, XDYR, XDZR, 

govcrning the shape of the rail perturbation, must be listed for the 

Cour shapes offered, CUSP, BEND, SIN, and SSAW respectively. 

XC = characteristic length, XD = dist over which the shape repeats, 

Y = lateral, and Z = vertical, L = left, and R = right rail, resp. 

'Thcy are in inches. 

XDZR 

XCYL XCZL XDYL XDZL XCYR XCZR XDYR 

'CUSP' 96.0 96.0 468.0 468.0 %.O 96.0 468.0 468.0 

'BEND' 96.0 96.0 465.0 468.0 %.O 96.0 468.0 468.0 

'SIN ' 468.0 4 68.0 468.0 468.0 468.0 468.0 468.0 468.0 

'SSAIV' 900.0 9 00.0 1800.0 1800.0 900.0 900.0 1800.0 1800.0 



-How many segments are required for the left rail ? ( max= 10 ) 
3 

-The amplitudes of each perturbed shape on the left rail, inches, are 

given below the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 

Lateral 

'CUSP' 0.250 1.000 0.000 

'BEND' 0.000 0.000 0.000 

'SIN ' 0.000 0.000 0.000 

'SSAW' 0.000 0.000 0.000 

'CUSP' 0.250 -0.500 0.000 

'BEND' 0.000 0.000 0.000 

'SIN ' 0.000 0.000 0.000 

'SSAW' 0.000 0.000 0.000 

-Ho\fl many segments are required for the right rail ? ( max= 10 ) 
4 

-The amplitudes of each perturbed shape on the right rail, inches, are 

gi\,cn below the distance, in feet, to the end of the segment of rail 
during which they occur, in order, 

'CUSP' 0.000 0.000 0.000 0.000 
'BEND' 0.000 0.000 0.000 0.000 

'SIN ' 0.000 0.000 0.000 0.000 

'SSAW' 0.000 0.000 0.000 0.000 

Vertical 

'CUSP' 0.000 -0.250 -0.500 0.000 

'BEND' 0.000 0.000 0.000 0.000 

'SIN ' 0.000 0.000 0.000 0.000 

'SSAW' 0.000 0.000 0.000 0.000 
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CHAPTER X I  

ERVICE-WORTH INESS  T E S T S  AND A N A L Y S E S  
FOR NEW FREIGHT C A R S  
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SERVICE-WORTHINESS TESTS AND .AN.-ILYSES 
FOR NEW FREIGHT CARS 

11.1. PURPOSE AN11 SCOPE 

This chap te r  presents guidelines for test ing a n d  analysis to  a sce r t a in  the  
interchange-service ~vor thiness  of freight  cars. The regimes of vehicle performance to  be 
examined a r e  divided into two sections. Section 1 covers structural  stat ic a n d  impact 
requirements. Section 2 covers vehicle dynamic performance, with the  following regimes 
to be examined: hunting, ca r  body twist ilnd roll, pitch a n d  bounce, yaw and  s\\-ay and 
longitudinal t r a in  action. 

Braking perfol-tnatlce, s t l ~ . ~ c t u ~ - a I  fatigue lift!, car  handlillg. and other  design consid- 
erations m u s t  bc conside~.ed in accordallcc with requirements oi~tlined by o the r  chaptel.s 
of this specific a t '  1011. 

The methods  prescntcd provide acceptable approaches t o  the  analysis and mcasu1.e- 
lnent of c a r  parameters  and pe~.fol-~nance.  Other rat ional  nletllods may be proposed at  
the time of submission for design approval. Thcir  use and  applicability must  be  agreed to 
by the C a r  Construction Committee. 

11.2. STATIC AN11 II11P.iCT TEST REQUIREJIENTS 

Application for approval of new and  untried types of c a r s ,  along with suppor t ing  dat:i 
specified in paragraph 1.2.3, shall  be  s u b r ~ i t t e d  to  the  Director. Technical C'ornn~ittees- 
Freight C a r  Construction prior t o  initiation of official =\XII testing. A p.rol)osed tcstinrr 
schedule and  test ing procetlures will bc subnlittetl sufficic~lt ly in advance of t e s t s  to 
permit review and approval of t h e  propoi;al and nssignnlcnt  of pcl.sonne1 to wi tness  tcs ts  
a s  AAK observers. Tests will be in  conformity with t h e  follo\ving and all costs  a r c  tci Lc 
borne by t h e  applicant, including observers. 

1 1  -2.1. TEST COSIIITIOSS 

A c a r  of t h e  configuration proposed for i n t c r c h a n ~ e  service must  be utilized for ill1 

tcsts. Deviation from such configuration is only pcrmittcd wit11 the  csplicit permission of 
the Car Construction Committee. 

During impact tests, the  t e s t  c a r  will be the  str iking c a r  and shall be londcd t o  .-\=\I? 
r n a s i n l ~ ~ m  gross  rail load fur t h e  nulnbct  and size of n s l e s  uyed  under car (see  2.1.5.171. 
Esceptions to this  pl,ocedul.e will he consido-ed by the  C a r  Constt-urtion Colnlllittec \vhc.n 
justified by t h e  applicant. 

Cars designed for bulk loading shall have ii mininlum of 8.55 of the  to ta l  volulne 
filled. 

Cars designed for general service,  other than  bulk load in r .  shall be loadcd so  t h a t  tllc 
combined cen te r  of gravity of c a r  a n d  loading is a s  close as practicable to t h e  c e n t e r  of 
gravity computed in accordance wi th  the  r e q u i r e ~ n e n t s  of 2.1.3, except t h a t  genera l  
service flat c a r s  may be loaded by a n y  practicable method.  The loads shall bc rigidly 
braced where  necessary, and var ious  types of loads should  be used to tes t  e a c h  com- 
ponent t o  i t s  maximum load. 

The t e s t  c a r  may bc equipped with any  AAR-approved draft  gea r  o r  a n y  AA.4R- 
approved cushioning device for which the  c a r  was  designed.  

C-I 1-397 
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The cars, o the r  t h a n  the  test  car,  shall be of seventy ton nominal capacity, loaded to  
the allowable gross weight on rails prescribed in 2.1.5.17. A high density g ranu la r  
material should be u s e d t o  load ca rs  t o  provide a low center  of gravity, and  t h e  load 
should be well braced to  prevent shifting. Such cars shall be equipped with draf t  g e a r s  
meeting t h e  requirements of A 4 R  Specification ?rI-901, except at the  struck end where  
.\I-901E rubber  friction gear  shall be used. 

Free slack between ca rs  is to  be removed, draf t  gears a r e  no t  to be compressed. No 
restraint o the r  t h a n  handbrake on t h e  las t  car  is to be used. 

TIlc coiil)lcr fu~.ce stlall be nrt~;isu~-etl by nlcans of 21 t~ -nns r I i~ccs  complyit~g wi th  A X R  
Sl)ccification hI-1)Ulk'. or othet- npl)sovetl means. I t l~t l~i i t l~er l ta t ion useti for recording of 
i)ther clnta shall bc gcne~.nlly acccptnblc type p l , o l ~ r l y  calibrated and certified as to  
n c ~ i ~ r a c y .  

Speed a t  impact shall be recorded. 

I 1  .?.:I. ST;\TIC TESTS 

A horizontal conlpressive stat ic load of 1,000,000 Ibs, shall be applied a t  t h e  centerline 
of draft to  t h e  d ra f t  system of carlunit  s t ructure  interface a reas ,  and sustained for a 
nlinimunl 60 seconds. The cari'unit s t ruc tu re  tested shall simulate a n  axially loaded beam 
having rotation free-translation fixed end restraints. (See Figure  11.5.3.1). 

No o ther  res t ra ints ,  except those provided by the suspension system in its normal 
running condition, a r e  permissible. Multi-unit car must have each structurally different 
unit subjected t o  such test ,  also two empty units joined together  by their connector shall 
undergo th is  t e s t  t o  verify the connectors compressive adequacy and its anti-jackknifing 
properties. 

The t es t  is t o  be performed with t h e  car  subjected to  t h e  most adverse s t ress  o r  
stability conditions (empty and/or loaded). 

END CjiE 
ROTA- :V FREE 
T R A h S l A r l O N  F I X E D  

Figure  11.2.3.1 

11.2.3.2. COUPLER VEItTlC.4L LO.4DS 

A vertical upward load shall be applied to  the  coupler s h a n k  immediately adjacent t o  
the striker face o r  t o  t h e  face of t h e  cushion unit  body at one e n d  of t h e  car, sufficient in 
magnitude t o  lift t h e  fully loaded c a r  f ree  of t h e  truck neares t  t h e  applied load, a n d  held 
for sixty seconds. Cushion underframe c a r s  having sliding sill a r e  excluded from t h e  
requirements of th is  paragraph. 

For cushion underfranle ca r s  having sliding sills, a vertical upward load shall  be 
applied t o  t h e  sliding sill in a plane as near  the  ends  of t h e  fixed center  sills as 
practicable, sufficient in magnitude to  lift t h e  fully loaded c a r  free of the  t ruck neares t  
the applied load, and  held for sixty seconds. 
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For all cars ,  a load of 50,000 pounds shall be applied in both directions to  t h e  coupler 
head a s  n e a r  t o  the  pulling face as practicable and held for s is ty  seconds. 

STABILITY 

The t e s t  consist is to undergo a squeeze and d ra f t  load of 200,000 Ibs. wi thout  c a r  
body-susp~nsion scpa~.ation o r  \\-heel lift. Load application shall s i n ~ u l a t c  a s t a t i c  loild 
condition and shall  be of i l~ in imum 20 seconds sustained dui3ation. 

Cars consisting of Inore t h a n  two uni ts  shall be tested \\.it11 a niininium of t h r e e  units  
in the  tes t  consist. The nunibcr of un i t s  used shall genera te  n ias in iun~ load in t h e  critical 
I,'?' locatio~l of the  car.  

For the  prirpose of this  tel;t, tvlicel lift is defined a s  a scl)ar;~tion of wheel  and  rail 
cscceding I&" \\.hell 1l1ear;ured .)''/H'' fro111 t h e  rill1 face a t  t h e  inside of curve foi9 buff n ~ i d  
outside for draf t .  

Empty c a r  shill1 be s u h c c t c d  to  sclut'ezc :\nil draf t  load on a curve of not less t h a n  10 
ilcgrces. The  curve  is to I ~ a v e  '12'' nins in iun~  srilwrclevation. The  t c s t  car  is t o  be  cotiy~lc~d 
to a "base car" a s  defined in pa ragraph  2.1.6.1. or a like c a r  which ever  is most severe  anti 
a "long car" haviny 90' over str ikers,  ( iG' truck ccn te~ . s ,  GO" couplers and conventional 
draft  year. 

Thc tcs t  consist shall have means  for nicasuring and  recording coupler forces. 

11.2.3.4. RET-4RDER .ASL) "HOT BOX" DETECTIOS 

Cars  wi th  o the r  than  conventional 3 piece trucks mus t  be operated while fully-loaded 
o\.er a h u m p  a n d  through a re tarder .  Retarder shall be operated to  determine capability 
to brake t h e  t e s t  cars. Such c a r s  m u s t  also demonstrate the i r  compatibility wi th  hot  box 
detection s y s t e m s  or be equipped with on-board hot box detection systems. 

Vertical load capable of lifting a fully loaded car 'uni t  shall be applied a t  designated 
jacking locations sufficient to lift t he  unit  and permit renloval of truck or  suspension 
a r rangement  neares t  to  the  load application points. 

11.2.3.6. T\\'IST LOAD 

Loaded carlunit  shall be supported on the side bearings or equivale~l t  load points 
only. Diagonally opposite bear ing or  load point support  shall be !o\vcred th rough  a 
distance resu l t ing  from a calculated 3" downward n love~ncn t  of one wheel of t h e  t ruck or  
suspension s y s t e n ~  supporting it. No permanent deformation of carlunit s t ~ . u c t ~ i r e  ~ h i l l i  
be produced by this  test .  

These ~ .equ i~ .emcnts  applj. to all cars  except those exenil)ted by otlicr specification 
~ ~ t ~ q u i r t ~ n l e n t s .  

11.2.4.1. SISGLE CAR IJIPACT 

The loaded ca r  sllall be irnpactcd into a s t r ing of s t and ing  ca r s  consisting of t h ~ - ~
nominal 70-ton capacity cars. loaded to  maximum gross  weight on rails a s  described in 
paragraph 2.1.5.17. with sand o r  o t h e r  g ranu la r  material ,  equipped with M-901E rubber-  
friction draft g e a r  a t  the  s t ruck end and with t h c  h a n d  brakc on the  las t  c a r  on tlie 
non-struck end of the  s t r ing t i ~ h t l y  set. Free slack between ca r s  is t o  be  removcd; 
however, d r a f t  gears  a r c  not to  be compl.cssed. S o  res t ra in t  o ther  t h a n  handbrakc  on tlic 
last car  is t o  be used. 

C-11-399 

e  



;\ssociation of American Railroads 
Jlechanical Division 

Nanual of Standards and Recommended Practices 

A series of impacts shall be made on t a n g e n t  t rack by the  s t r ik ing ca r  a t  increments 
of two miles per hour s t a r t ing  a t  six miles per hour  until a coupler force of 1,250,000 
pountls or  a speed of fourteen miles per hour  h a s  been reached, ~vhichever  occurs first. 

A car  consisting of two o r  more \Inits nlust  also undergo impact test ing a s  outlined 
above with thc  l e n t l i n ~  uni t  of the  test c a r  being empty for a two-unit car.  or  with the  
tirst two itnits being empty Tor a three  (or more) unit car. No carbody-suspension 
d i s e n g a ~ e n ~ e n t  or wheel lift is permitted dur ing  t h e  partially loaded impact tests. 

11.2.1.2. I)YN,\.\IIC S()CE:E:%E 

(Optional-AIay I)c pc~.fo~.~llci l  in lieu of or  in addition to stat ic end  conlpression test  i f  
I-ecluestetl by the Car C o n s t ~ . i ~ c t i o ~ l  Conlrnittce.) 

'I'hc strikirlp and s t ; ~ n r l i ~ l c  cilr ~ r o i ~ p s  stli~ll each consist of six cal-s, in ivhich the test  
car  nlay t)tl the Iciltl ca r  in eitllcr groitp. All ca r s  excel)t the  test  ciir shall be a prescribed 
in 11.2.1.2. The t)r;lkes sh;lll be se t  011 all s t and ing  ca rs  after  all slack between cars has  
t)t)cn cli~~lin:i ted.  '1'hcr.c sh;lll bc no  prPcorllprcssion of the  clraft gears .  The stantling cars 
shall bc on Ievcl tangent  track. T h e  str iking cars,  couplcd together, shall be atljiistell, i f  
necessary, to restore t h e  original contlitions. 

A series of inlpacts shall bc madc a t  increments of two miles per  hour  s tar t ing a t  six 
nlilcs pcr hour until a  couple^. force of 1,250.00U pounds or a spccd of foul.tcen miles per 
hour has  been ~.eacheil, whichc:vcr occurs first. 

A visilal inspection of t h e  tes t  car  shall be made af ter  each s ta t ic  test  and  after each 
itllpil1.t. Following the  inlpnct tests. the  c a r  shall  be unloaded a n d  inspected. 

Any pernlnl~ent darnage to  any rllnjor structi tral  par t  of the  ca r ,  found before or after  
all tests  a r e  conlplcted, will be sufficient cause for disapproval of t h e  design. Dnmngc will 
be considereci permanent tv1lc.n the  ci\r requires shopping for repairs. 

Regimes a re  identified, representative of t h e  performance of t h e  car in service. Tests 
a r e  defined for each regime. The  rcsults of t h e  tes ts  a re  a n  indication of the car's 
track-worthiness. In  most regimes. analytic nlethods a r e  also availnblc to  permit predic- 
tion to be made of the  perfor~nance of the  car ,  to t h e  degree of accuracy required. 

The characteristic propelties of the  c a r  body and  its suspension, required for t h e  
analysis, shall be silpported b y  evidence of the i r  validity. Characterization tests. such a s  
those defined in Appendix A, a r c  requiretl to verify t h e  va l t~es  used in t h e  analyses. 

The criteria applied to the  analyses and  t es t s  a r e  chosen from a consideration of t h e  
processes by which ca rs  deviate f1.0111 no1.1lla1 and  required guidance. They are also 
subject to  the  requirement of obscrvability in tests. Typical of these a r e  lateral and  
vertical forces, the  lateral  over vertical force (LN) ratios, dynamic displacements, and 
accelerations of the  masses. These criteria a r e  based on considerations of t h e  processes of 
wheel climb, rail and  t rack shift,  wheel lift, coupler and component separation and  
structural  integrity. 

The values chosen for the  criteria selected have  been used in t e s t s  on ca r s  presently 
in service. Those included in t h e  body of th i s  chap te r  a r e  shown in Table 11.1. Values 
worse t h a n  these a r e  regarded a s  having a high risk of unsafe behavior. Values bet ter  
than these a re  regarded a s  indicating t h e  likelihood of safe c a r  performance. 
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Table 11.1 Criteria for .4ssessing the Requirements 

for Field Senice  

Regime Sect ion Criterion Limiting \'slue 

Hunting (empty) 11.5.2 minimum critical speed 
(mph) 
maximum la tera l  
acceleration ( g )  
masinlum s u m  L1' asle 

Constant cu rv ing  (e111pty and loaded) 11.5.3 nlaxinluln wheel L.1' 
0 1' 

nlasimum s u m  L:T as le  

Spiral (empty and  loaded) 11.5.4 minimum vertical 
load (% 
masimum wheel LA! 

Tlvist, Roll (empty and  loaded) - 11.6.2 maximum roll (deg) * *  
niax imun~ s u m  LIY axle 
minimum vertical 
load ('70 

Pitch, Bounce (loaded) niinirnum vertical 
load (%) 

Yaw, Sway (loaded) rnasimunl L.V trucl.: 
side 
lnasinlum s u m  L 1' axle 

Dynamic curv ing  (loaded) maxinlum wheel LAr 
or 
maximum s u m  LIT axle 
masinltlm 1.011 (dcg) * *  
n ~ i n i m u n ~  vertical 
load (Ci ) 

\-ertical cu rve  to be added * 
Horizontal cu rve  

* 5ee t h e  introduction to section 11.7.1 
* *  peak-to-peak 

C- I  1-401 
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Radial misalignment of axles in a truck o r  c a r  is t h e  difference in yaw angle in their  
loaded bu t  otherwise unforced condition. I t  causes  a preference to curving in a given a 

direction. 

Lateral misalignment is t h e  difference in lateral  position between axles. I t  czuses 
both axles to be yawed in the  same direction on s t ra ight  track. 

Inter-axle shear stiffness. equivalent to the  lozenge or t ramming stiffness in 3-piece 
trucks, is the  stiffness between axles in a truck o r  car found by  shear ing the  axles in 
opposite directions along their  axes, ant1 measuring the  lateral deflection between then). 

Inter-axle bending stiffness is the  stiffness in yaw between axle3 in a t ruck or car. 

Ilounce is the sinlple vertical oscillation of t h e  body on its suspetlsiolls in which the  
car body retilains horizontal. 

I'itch of tile body is the  rotntion about its transverse axis through t h e  nlass center 

Uody yaw is the  rotation of the  body about n vertical axis through t h e  mass center. 

Body roll is the  rotation about  a longitudinal axis through t h e  mass center.  

Upper and lower center roll a r e  the  coupled lateral  motion and  roll of t h e  body center 
of mass. They combine to  give a n  instantaneous center of rotation above o r  below t h e  
center of mass. \.\Then below t h e  center of mass. the  niotion is called lower center roll. 
\$Then above, the motion is called upper center roll. 

Sway is the  coupled body rliode in roll and yaw and  it occurs where t h e  loading is not 
syrnnletrical. 

Unbalance is used in this chapter  to mean t h e  additional height in inches, which i f  
added to  t h e  outer rail in a curve, a t  the  designated car  speed, \vould provide a single 
resul tant  force, due t o  t h e  combined effects of weight and centrifugal force on the  car ,  
having a direction perpendicular to  the  plane of t h e  track. Thus. the  unbalance (U) is 
defined as: 

V2D Unbalance U = - - H 
1480 

where, D is t h e  degree of the curve. 
I' is t h e  vehicle speed in mph. 
H is t h e  height,  in inches, of t h e  outer  rail over the  inner  rail in 

t h e  curve. 

Effective conicity, E ,  of a wheel on a rail is i ts  apparent cone angle used in t h e  
calculation of the  path  of t h e  wheel on the  rail. I t  is defined as: 

where,  A is t h e  angle of the contact plane,between the wheel and rail, t o  
the  plane of the track. 

R, is t h e  transverse profile radius of t h e  wheel. 
R R  is t h e  transverse profile radius of t h e  rail. 

T h e  effective conicity of t h e  modified Heumann  wheel of Figure 8.1 on AREA 132 l b  
rail, under  conditions of t ight  gage, is between 0.1 and 0.3. 
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Three  rat ios of lateral  (L) to vertical (V) forces are  used a s  criteria in t h e  assessment 
of ca r  performance. These are:  

(1) The individual wheel LN, (or wheel LN). This is defined as the rat io of the  la tera l  
force to the  vertical force between the  wheel and rail on any individual wheel. I t  is 
used to  assess t h e  proximity of t h e  \\.heel to climbing t h e  rail. 

(2) The instantaneous sum of the absolute wheel LiV's on a n  asle. (or sum Lil: axle'. This 
is defined a s  t h e  s u m  of t h e  absolute values of the  individual wheel LA:'s on tile 
same  axle, a s  given in the  following algebraic equation. They must  be measured a t  
t h e  s a m e  time. 

Surn L N  as le  = L/V (left \vhl) I + LtIF (r ight  \vhl) 

I t  is used to assess the  proxinlity of t h e  wheel to  climbing the  rail and is nrol-e 
appropriate where t h e  angle of at tack of the  flanging wheel to t h e  rail does not 
resul t  in full slippage a t  the  a r e a  of contact. 

(3) The truck side LIV, (or LW truck side). This is defined a s  the  total sun1 of the  In ter i~l  
forces between t h e  wheels and rails on one side of a t ruck  divided by t h e  total sunl  o i  
t h e  vertical forces on the  s a m e  \\.heels of the  truck,  a s  given in the  follo\ving 
algebraic expression. 

EL (truck side) Truck side L N  = 
ZV ( truck side) 

I t  is used to indicate the  proximity to nlovinp the  rail laterally 

11.5. SIN(i1.E CAR O S  U?;I'ERTURLlE:I) TRACK 

The regimes described in this  section a r e  c i~osen to t e s t  the  track-worthiness of the  
ca r  runn ing  on prenliunl track. They a re  required to establish the safety of the  c a r  from 
derailment undei- conditions basic to  i ts  performance in service and a r e  carried out  under  
operating conditions similar to those found in normal service, but without t h e  effects of 
dynamic variat ions due t o  adjacent  cars  o r  large perturbations associated with poor 
track. 

The parameters  used in the  analysis shall be confir~ned in characterization tes ts  
described in Appendix A. The results  of the  following analyses and tes ts  shall be included 
for the  consideration of approv;\l by the  Car Construction Committee. 

This requirement  is designed to  ensure  the  absence of hunting, \vhich can result 
from the  t r ans fe r  of enerky from forward motion into a sustained lateral  oscillation of 
the  as le  between the  wheel flanges, in certain car  and suspension designs. The  analyses 
and tes ts  a r e  required to  show t h a t  the  resulting forces between t h e  wheel and rail 
remain within t h e  bounds necessary to provide an  adequate  margin of safety from any 
tendency t o  derail.  

11.5.2.1. PREDICTIOSS .4ND ASALYSES 

An analysis  shall be made of t h e  critical speed a t  which continuous full flange 
contact i s  predicted to  commence, using a validated mathematical  model and  t h e  
parameters  measured for the  empty  t e s t  car. This analysis  shall include predictions on 
tangent  and  on 112 and 1 degree curves. 
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T h e  analytic requirement is t h a t  no hunt ing be predicted for t h e  empty ca r  below 70 
miles per hour assuming a coefficient of friction of 0.5 and a n  effective conicity of 0.15, for 
the  modified Heunlann wheel profile given in Figure  8.1 of Chapter VIII ,  on new ARE.\ 
136 lb. rail, for axle lateral  displacements up to + I -  0.2 in. on track with s tandard gauge. 

11.5.2.2, TEST I'R0CE:I)VKE AN1) CONOITIONS 

The  empty test  ca r  shall be placed a t  t h e  end of the  tes t  consist, behind a stable 
buffer car ,  and operated a t  speeds up to 70 miles per hour on tangent  class 5 or better  
track, with dry rail. 

XI1 axles of the leatl utlit o r  c:\r shall be ecluippeci with modified IIeumann protile 
\vheels a s  shonrl in Figt11.c 8.1  of Chnptcr \ ' I l I ,  wit11 the  nlachinina grooves worn smooth 
on the  trentl. 

'I'he rail protile shall be new AREA 1 3 t i  I\). o r  all equivalent which, with t h e  Heunlann 
~vhcel specified, k+ves a n  effective conicity of a t  least  0.15 for lateral  axle displacements 
of + / -  0.2 inch from the  t~ .nck  center. 'l'he t rack gage may be adjusted in order to 
achieve this mininiunl effective conicity. If hun t ing  is predicted for curved track in 
section 11.5.2.1, a special hun t ing  test  in shallow curves may be requested. 

The Ic i~ i ing  axle of both t rucks  on an end un i t  o r  car. o r  each axle on a n  end unit o r  
c;lr wit t l  sirl~lc-:\xle tri~(*lis, shnll be equipped with instrunlentcd ~vheclsc ts .  and each 
truck location on the  end  unit  o r  car shall be equipped with a lateral  acceleronletcr on 
ttw deck above the  center  of t h e  truck. 

Sustaincti truck tlilrltitlg s l ~ n l l  be tlefined a s  n sustained lateral  acceleration g rea te r  
than 1 g pcak-to-peak for a t  leas t  20 collsecutive seconds. No occurrences of greater  t h a n  
1.3 g pcak-to-peak a r e  permitted within the  s a m e  t ime period. The  ins tantaneous  sum of 
the absolute values of t h e  L N  ratios shall not  exceed 1.3 on a n y  instrumented axle. 
Components of the measured accelerations and  forces having frequencies above 15 her tz  
arc to be filtered out. 

T h e  car  shall not  experience sustained t ruck hunt ing dur ing t h e  tes t .  A record of 
maxinlunl lateral acceleration and  the  wheel LN's  on t h e  same axle, agains t  speed, at  
the worst  location, shall be submitted a s  requireti t e s t  data.  

This  requirement is designed to ensure t h e  satisfactory negotiation of track curves. 
The analyses and t es t s  a re  req i~ i red  to show t h a t  t h e  resulting forces between the  wheel 
and rail are  safe from any  tendency to derail and  t o  confirm other  predictions of the  c a r  
behavior relating to the  guidance of the c a r  and  absence of interferences. 

11.3.:3.1. PREDICTIONS ANI) AN;iLl-SES 

A n  analysis s\iall be made of the  nhecl  forces and  axle lateral  displacements and yaw 
angles on a single car ,  empty and  fully loaded, using a validated mathematical  model. 
The model shall include a fundamental  representation of t h e  rolling contact  forces using 
the geometry of t h e  profiles of the  wheel and  rail, and  ca r  pa ramete rs  from t h e  
~ l ~ e a s u r e m e n t s  described in Appendix A. 

Ei ther  the individual wheel L N  shall be less t h a n  0.8 on all wheels measured, o r  t h e  
instantaneous sum of t h e  absolute wheel L N s  on a n y  axle shall be less t h a n  1.3, for a n y  
curve u p  to 15 degrees. T h e  range  of unbalance assumed shall  be - 3  inches to  + 3  inches, 
with a coefficient of friction of 0.5 and modified Heumann profiled wheels on  new AREA 
132 lb .  or  136 lb. rail. 
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11.5.0.2. TEST PKOCEDL'RE A S D  CONDITIOSS 

T h e  test  c a r  shall be operated a t  constant  speeds equivalent  to  unbalances  of -3,O. 
and + 3  inches. The  t e s t s  shall  be run  \\lit11 t h e  t e s t  c a r  ill both etllpty a n d  fully loaded 
conditions, between two heavy bufier cars,  one  of ~vllich nlay be replaced by a n  ins t ru-  
mentation car. A complete s e t  of tes ts  shall be carried out in both directions and with the  
tes t  consist turned in each dil-ection. on ill.?. rail. 

T h e  \vheels of the  t e s t  c a r  shall )lave less t h a n  5000 nlilcs wear on t h e  new profiles 
specified for production, except t h a t  those 011 instl-unlented \\'lleelscts shall have modified 
Heumann profiles. The rail profiles sliall have a \vidth a t  the  top of t h e  head not lcss than  
95 percent of the  original value \vhclrl nciv. The  t e s t  c t ~ r v c  shall be of not lcss t h a n  i 
dcg~.cos \vitll a balance s1)cecf of 20 to 30 nlph, and  with class 5 01. be t t e r  track. 

The  leading axle of both t l - i~cks  on a n  encl uni t  or  car.  01' each axle on a n  end un i t  or 
ca r  \v i t l~  si~lglc-axle tr t~ciis .  shall bc. ccluil)l)ccl ivith i l i s t ~ . ~ ~ l n c n t c d  \\.hcelscts. The I:\tel.al 
and vettical forces anti t l ic i~ .  ratio, I, 1'. shall be t l icasur t~~l  for the lengtli of thc  bocly uf 
the  cul.ve, which must  bc a t  least  300 ft., and theit. nlasima allti means  co~nl:utcd. 
Measured force components having f~.equellcies above 13 her tz  a r e  t o  bc filtered out.  

Ei ther  the indivicliial ivhccl LA' s l~n l l  bc lcss tllan O.$ on  all \vl~ccls measul.ed, 01. the  
instantaneous sun1 of the  absolute tvlleel L1A.s on any  as lc  shall be less t h a n  1.3. X record 
of L N  on both wheels of t h e  iristl.ullicnted axles, for each t e s t  run ,  shall be submitted a s  
reqilired tcst  da ta .  

This ~.equircnlctlt is desigl~etl  to chllsul.e tlic satisfactory ~wgot ia t ion of spirals Icading 
into and  away fro111 C U ~ V C S .  T h e  analyses and t e s t s  a r c  rcquil.'d to  sliow t h a t  the  
result ing forces l)et\vecn t h e  ~ v h c e l  and ~.;lil sho\v i l l1  atlccluatc margill of snfcty ft.oln any 
tcndcncy to derail, especially under  t.cduced \vhtacl lo;~tlinp, ii l l t l  t o  confir111 o t l ~ c ~ .  rr~.c..tlic- 
tions of the  ca r  b ~ h i \ v i ~ r .  

An analysis shall be carried ou t  of the  lateral  and \-el-tical \vheel forces on a single 
car ,  with the  c a r  loaded asymmetrically, c o l ~ s i s t ~ n t  \\.it11 AAR l o n d i n ~  rules, t o  give 
maxinlum \vheel utlloading. 

Tho analysis shall be r~ tndc  for :I spcbcd c(1\1i\-iiletlt to a Incall u n b n l a ~ c e  a t  t h c  car 
center  of - 3  inches to  - 3  inctics \\.itti a cocafticicnt of friction o f  0.5 and  nlo(1ific.d 
I - l c u ~ n a n ~ l  wtleel anti 11c\v XIIKA I:{:! lb. or  136 11,. ).ail ] ) ~ . o f i l c h s .  

The I)I-cdictetl Intel-al-to-\-chrtical fol.cc ratio s l ~ a l l  not c s ~ ~ e c t i  0.8, and 110 ve~.ticill \vhcel 
load shall be lcss than  10 pc~.cc2llt of its s tat ic villuc. in a bunclled sl)itsal, wit11 a c l ~ a n p c  i t r  

supcrelevation of 1 inch in every  20 ft, 1e;itling into a c ~ 1 1 . v ~  of a t  least  7 c l c g ~ ~ c s  and ;I 

minimunl of 3 inchcs supc~.elevi\tion. 

11.5.4.2. TEST I'ROCEIIURE .\XU C0SL)ITIOSS 

This  t e s t  may be carried o u t  concurrently with the  previous test ,  paragraph 11.5.3.2. 
T h e  t e s t  ca r  shall  be operated,  empty and fully loaded, between two heavy buffer cars,  
one  of which may be a n  instrumentation car,  a t  constant  speeds equivalent  t o  a n  
unbalance of -3,  0, and  + 3 inches a t  t h e  maximum curvature.  

The \\lhccls of the  test  car- shall have less t h a n  5000 nliles wear  on t h e  new profiles 
specified for production, e sccp t  t h a t  tllose on ins t l -u~ncnted \\-hcclscts shall have  nlodificd 
Heumann profiles. The  rail profilcs shall have a \\-iclth a t  the  top of the  head not lcss than  
95 percent of tile original v;tluc w11c.n new. 
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Thc  nlaximum curva tu re  shall be not less t h a n  7 degrees, with a mininlum of :3 inches 
superelevation. X bunched spiriil, with a change in superelevation of not  less than 1 inch 
in evcry PO ft., is reqilircd. The track shall be c lass  5 or  better and dry. T e s t s  shall be run  
i l l  both directio~ls and wit11 the  consist tiirrlcd. 

T h i b  Ient l in~ axle or1 both trucks on an end u n i t  or  car, or  each axle on  a n  end unit or  
ca r  with single-axle tl-licks, shall be e ( l ~ ~ i p l ) ~ d  wi th  instrunlcnted wheelsets. 

'Fhe Iatc\ral and vpl.tical fot.ccs ant1 tllcit. riitiu. I,/Y. shall be nleasured continiiously 
through the bu11clictl sj)iral, i l l  both rlil.cc.tions. i i l l t l  tllcbil' ~lrxxinlil anc1 nlinilllil conlp~~tet l .  
3Iensi1rcbti fol.cc, conlj>otlcilts Iiiivinp ft.i1(111~11t~it~s above 15 l1ct.t~ arc! to  Oc tiltct.c,(l out. 

'rllcl ~ t ~ i i s i ~ l l t i t ~ ~  I..\- t.atio on ;illy \\.hc~eI sh:111 11ut cb~ctl~rl 0.8. ;it111 tllc> vei.tica1 \rtlecl 
I o i ~ t l  sli:ill not bc Iclss tll:i11 I 0  pc3t.(.cbtit o f  the 1tlc:tsut.t1tl .st;ltic* v;il\~c. X t.ecord of 1, 1"s and 
vc~.tic.ill folscCs oil both \~llccl.s of the tn.0 \\.orst ;lslcs i l l  iI c;tlV, i t t d  Ci I I .  boll?. roll i~ligle. for 
ciic.11 test ,  sl~iill t~ subnlitttvl iis t'cclr~i~.ctl tc\st c l ; ~ t i i .  

1l.ti.l. ( ;b;sKl<:\ i ,  

Tht. iinalyses i11ltl tt.st.i tlcsct.il)ccl ir l  tllis wctiotl are  clcsig,rnc(l to esta1)lish t h ~  t l x k -  
\vot.t.llillt~.ss o f  tliL. c.;lt. iitltlc~~. c.ollditiorl.; assoc.iatc~cl \villi :-:ir.iiitioils in t h e  tt-i~ck geon1t.tl.y. 
'I'tiey inclrltlc t h ~  tlyllarllic. I .CSI)OIIJ~ tluc to pt?rtiil.bations i l l  thcn tl.;ic.k bu t  cscludc the  
tlynitnlic effc~c:s dil t~ to c u i t p l i n ~  \vitIl n d j ; l c c ~ ~ t  cars .  

, l l lc  . i~lvcstigatiotis a r c  tlc.sipcii to tlc~nlorlstl.;itc tlliit the  c a r  desiqrl p:.ovidcs a11 
atlcqilate margin of safety fl.on1 strilc.tii~.nl dnnlnge and fro111 any  tcntlency to i i ~ r i ~ i l .  

The  tests s l~nl l  be conlplctetl ant1 the i r  resul ts  found sativfflctory by the XXR 
observers. The results irlentificd shall be i ~ t l ~ t e d  a s  required d a t a  for t h e  consideration of 
the  Car Constriiction Conl~nit tee.  

This req~iirenicnt is designed to ensure  t h e  satisfactol.y negotiat ion of oscillatory 
cross-level csciti~tion of cars,  siich as  occt11.s on staggel-cd jointed rail, which may lead t o  
large ca r  roll and twist  atnplitudes. Tllc a ~ l a l y s e s  and  tcsts a re  required t o  s h o ~  tha t  t h e  
resulting forces between t h e  \vileel and rail show a n  atlt.qiiatc margin  of safety from any  
tendency to deritil. 

I A review sh i~ l l  be made of any tests  and  analyses for the  n a t u r a l  frequency and  
damping of the car body, in the  roll and twis t  modes, in the  empty  a n d  fully loaded 
conditions, and a n  es t imate  made of the speed of the  car a t  each resonance.  

The  maxin~unl amplitude of the carbody in roll and twist, t h e  maximum instanta- 
neous sun1 of the  absolute values of the  wheel LK ratios on a n y  axle,  the  nlinimunl 
vertical wheel load, and t h e  number of cycles t o  reach them, shall  be predicted at  
resonant  speed of 70 m p h  or  below, on t angen t  t rack,  with staggered jointed rails of 39 ft. 
length,  and a maximum cross-level a t  t h e  joints of 0.75 in. a s  shown in  Fig. 11.1. 

T h e  instantaneous s u m  of the  absolute values of the wheel L N  rat ios  on any axle 
shall  be less than 1.3, t h e  predicted roll angle of the  carbody shall not  exceed 6 degrees 
peak-to-peak, and t h e  vertical wheel load shall  not  be less t h a n  10 percent of its s ta t ic  
value, within 10 rail lengths  of the  s tar t ,  at a n y  speed a t  or below 70 nlph. 
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11.6.2.2. TEST PR0CEL)LIIIE ANL) COS1)ITIOSS 

T h e  tes t  c a r  shall be  between two c a r s  chosen for thei r  stable perforn~ance.  Tests  
shall be carried o u t  with t h e  tes t  ca r  cnlpty and  fully loaded. 

- 
20.06 in. 

WAVELENGTH 

Fi~u1.e  11.1. 

TRACK CROSS LE\ 'EL FOR THE '11VIS1' AND ROLL T E S T  

The test shall be on t angen t  tl.aclk wit11 staggel-ctl 39 ft. t.:iils on goocl tics and ballast. 
shim~llcd to a cr-oss level of 0.75 in., lo\v a t  ciicll joint i\s s l~o\vn in Fig. 11.1. over a test  
zone Iengtll of ,100 ft.. bu t  othe~.\visc Iieltl to class 5 or 1)cttc.r. 

l'he test shall btr car1.ied out  a t  c o n s t a ~ l t  sl~cc'tl, illc.~'e;~sing in 2 tii1>1i stc'ps C I - O I ~ ~  \vc~Il 
belo\\ any p~.etlictcd resonance iintil it is I ) ~ \ s s c ' ~ .  01' :\111)1'0;1cllillg it ~ I - O I ~  R SI)C'(YI ; I \ ) o ~ c  

that espected t o  give a I-esotlant contlitio~l. 'l'he test  sllnll 1)' stoj)lwd if  a n  unsal'c 
contiition is tncoun te~~ec l  01. i f  the nii~sirnunl of 7 0  1111)11 is ~.t~ilcIle(i. I t  s11:111 be ~.cpa~.tlctl as  
tinsnf(> if a \\.11eel lifts 01. if tllr cnl. h ~ l y  roll i111glc c.scc*ec!s t i  rlcy~.c~c~s, ~,c;tk-lo-l)triik. 

11.6.2.3. ISSTHC3lESTATION A S D  CRITERI.4 

The leading axle of both trucks on a n  end un i t  or car, or  each asle on a n  end uni t  or 
c a r  with single-asle trucks,  shall be equipped with instrumented wheelsets. The  c a r  body 
roll angle shall also be measured a t  a nlinirnunl of each end of a n  end unit. 

The  wheel forces, t h e  mean roll angle and difference in roll between ends  for each 
unit ,  shall be measured continuously through t h e  test  zone. hleasurcd force componc.nts 
having frequencies above 15 hertz a r e  to be filtered out. 

The sun1 of t h e  absolute values of wheel LIT on any instrunlc>~lted as le  shall  lot 
escecd 1.3, the  roll angle of the  cal-body of any unit shall not esceed (i degrees 
pei~k-to-peak and t h e  vert ici~l  wheel load shall not be less t h a n  10 percent of i ts  s ta t ic  
value a t  a n y  speed tested.  

X record of t h e  vcl-tical loads n~easut .cd a t  t h e  ;isle with tllc lo\vc>st n ~ c a s ~ i ~ . c d  ve~*ticill 
load. and thc 1.011 arlglcs mei\sut.ctl at  each cnd of tllr nlost :~cti\.c \init of t h e  C;II., t akcn at  
tlltl ~.esu~iirnt  sl~eetis  for cacll car  loa(l. s l ~ a l l  be submitted ils rt.clui~.cd t e s t  datil. 

This requirenlent is  dCsigncd to  e n s u ~ ~ c  t h e  sat isf i~ctory negotiation of t h e  c a r  o \ ~ r
track which provides a continuous o r  t rans ient  cscitation in  pitch and bounce, a n d  in 
par t icula~,  the  negotiation of griidc cl-ossitigs and bridges, \\here c l ~ n ~ l g e s  in ve~.ticaI 
track stiffness tnay Icnd to sud(icn c h a n ~ c s  in t h e  londcd track p~-c)tilc bcyond thosc 
nicasu~.ed dur ing inspc'ction. The i i~ i i~ lyscs  and tchsts iirc ~.e(liii~.t*ll to  sI~o\v t1i;it the' 
~.cs\ i l t ing f o ~ ~ c s  bct\vc~c>n tlicl \vhccll :\rid ~.: i i l  sho\v iin ;iclc>cl\intc ni:rr~in of a;~fc*ty fronl any  
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tendency for the  ca r  t o  derail. to uncouple, o r  to  show interference either between 
subsystems of the ca r  o r  between the  car  components and track. 

A r-eview shall I)e ttiade of any tes ts  anti atlalyses for the n a t u r a l  frequency and  
damping of the car body. fully loaded, in the  niodes of pitch and  bounce, and  a n  estimate 
n~iltlc of the resonant spced of the car whcn excited by a track wavelength  of 39 feet. 

The vt~tt.ical wheel load shall be pt.edictcci a t  these speeds o r  a t  70 mph,  whichever is 
greater ,  for i\ continuous near  sinusoidal excitation with a vertical anlplititde to the track 
srtt.fac~e of 0.75 inches peak-to-peak ant1 a s i ~ i g l e  synlmetric vertical b u m p  in both rails, of 
t h e  shape and a ~ n ~ ) l i t ~ t ~ t c  s l l o - s ~ ~  i l l  Fig. 11.2. 1)1.tviictctl vertical wllecl loacl shall not be 
less than I 0  ~)ct .cct~t  of its static vnlite i ~ t  ;ins tvsonant  speed a t  o r  below 70 nlph, within 
10 rail Ictl);.tlls o f  t l lc .  s t a r t  of  t h c  cotltitlilotts sini~soitl or following t h e  single bump. 

SINGLE VERTICAL BUMP 2 in. 2 .06 in. 
(BOTH RAILS) 

- v 24 ft. 

r, 39 i t .  

CONTINUOUS DIPS AT SYMMETRIC POINTS 

0.75 in. + 0 .06  in. 

Figure 11.2. 

TR.4CI.i S U R F A C E  \'.-\RIATION FOR PITCH AND B O U N C E  

11.6.3.2. TEST l'HOCEI)LKI-: ASI)  COSDITIONS 

The fully lonticd t e s t  c a r  shall be tested between two l ig l~ t  c a r s  t h a t  have at least 43 
ft. truck center spacing. 

Tests shall be carried out on tangent  t r ack  with surface deviations providing a 
continuous, near  sitlusoidal, escitation with a vertical amplitude to  t h e  track surface of 
0.7.5 inches peak-to-peak and  a single s y ~ n m e t r i c  vertical bump in both rails of the shape 
and  amplitude shown in  Fig. 11.2. These t e s t s  may be carried o u t  separate ly ,  or together, 
with a separation of at  least  100 feet. T h e  t rack  shall otherwise be held to class 5 or 
better. 

Testing shall s t a r t  a t  constant speed well below any predicted resonant speed, 
increasing in 5 mph s t e p s  until a n  unsafe condition is encountered,  t h e  resonance is 
passed. or the n ~ a s i t n u m  of 70 mph is reached. T h e  speed a t  which resonance is espected 
may be approached from a higher speed, us ing s teps  to decrease t h e  speed. I t  shall b e  
regarded as unsafe if a n y  wheel lifts. 
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The leading axle on both trucks on a n  end uni t  or  car,  o r  each axle on a n  end u n i t  o r  
c a r  with single-axle t rucks ,  shall be equipped wi th  instrulnented wheelsets. The vertical 
wheel forces shall be measured continuously throiigll t h e  test zone. Measured force 
components having frequencies above 15 her tz  a r e  to be filtel.erl out .  

The vertical wheel load shnll not be less t h a n  10 pcl.ccnt o f  its s ta t ic  value opi any  
wheel a t  any speed tested.  A record of t h e  vertical loads measured on t h e  axle wi th  t h e  
lowest vertical load shall  be submitted a s  required tcst data .  

This requirenlent is designed to  ct1si11.c t h e  satlsfncto!.y ncpotiatioil of the c a r  O V C ~  

track with nlisalignnicnts \vhich pl.ovide escitat ion in ya\v ant1 ~ \ v : ~ y .  The ;~n;il\-ses ;\ntl 
tcs ts  a re  requircd to show t h a t  t h e  result ing forces bct\veen thc  \vhccl and rail sllo\v ;In 
adequate malftin of safe ty  from a n y  tentlcncy for the ca r  fol-ces to move the  11-nck o r  rail 
or  to give itlterfel'etlce e i ther  bctweeli subsystems of t l ~ c  car 01% bct\vcen tlle ca r  
components and track. 

A review shall be m a d e  of the  previous t c s t s  and analyses for t h e  n a t u ~ . a l  fi.cqucncy 
and damping of the  ca r  body, fully loarleci, in t h e  yaw ;incl 1.011 nlotlcs. Tllcse lnny combine 
in a natura l  nlotion referred to  a s  s\vay. which. i f  present. miist be inclutlcd in this  
analysis. Using the  values for frcquclicy and d : ~ n l p i n ~  identifictl, a n  estini;itc shall  be 
~naclc of the resonant s;)ecd of the  ca r ,  in each nlodc. 

The car shall bc assumed to be excited by a symnictric, sinl~soicii~l track a l i p n ~ n e n t  
deviation of \vavelcngth 39 feet. on t angen t  track.  Thc ra t io  of the  s u m  of tllc Iatcb~.n! to 
t h a t  of tlic verticai forces on all \vhccls on o11c side of a n y  tl.uck sh:\ll bc prcrlictetl ;1t 
rcsoni1nc.e or a t  '70 nipli, \vhichever is g~-e:itcl+, for ii s ini~soidal  tlou\,le aml)litudc of 1.25 
inches jwak-to-peak on both rails ant1 a constant  \\-idt. gage  of 57.5 incllcs. a s  s l~o \vn  in 
Fig. 1 1.3. 

The predicted t ruck side L N  shall not escccd 0.6, and tlic sum of t h e  absolute values 
of 1.N on any axle shall not exceed 1.3, a t  a n y  s11eed a t  01. I~clo\v 70 m p h ,  within 5 )-ail 
\vavelcn@hs of t h e  s t a r t .  

11.6.4.2. TEST I'ItOCEI)CI(E :\SI) C0SI)ITIOSS 

The fully loatled t ~ s t  c a r  sh;lll be ~)laccvi a t  tliv c~lt l  of t h e  tes t  consist. bcllintl a bilffc~l. 
car  of a t  lcast 4.5 feet tt.uck center  spacinl;., clloscn for its s table p c ~ l ~ f o l . n i ; ~ ~ ~ ~ ~  

Tests shall be cilrl.icd out  on i l l y  t angent  t~.nck. wit11 symmett.ic, sinusoidal a l i sn-  
~ i i e n t  deviations of \\,are length 119 fcct, al ignment aniplitutie 1.25 inches pcak-to-pe;ili 
and a constant wide gage  of 57.5 inchrs,  over a t ra t  zont. of 200 feet a s  sho\vn in Fig. 11.3. 
The track shall othel.wise be held to class 5 01. bctrcl-. 

The wheels of the  t c s t  c a r  shnll h a r e  less t h a n  5000 miles \veal- on the  ne\v p~.ofiIrs 
specified for production, e scep t  t h a t  those on instrunlented \\.heelsets shall have nlod ificd 
Heumann profiles. The  rail profiles slia!l have a width a t  the  top of the  head not less t h e n  
95 percent of the  original value when new. 
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1- 3 9 f t .  -4 
Figure 1 1 .:I. 

'TKXC'K XI.IGSJII.:N'r VARI=\TlOSS F O K  SA\V AND S\VXY 

' l ' cs t in~ shall s t a r t  a t  co~ ls tan t  sl)cttl \vcll belo~v any predictt~d resonant speed, 
increasing in 5 mph s teps  until an  unsafe condition is encoutltered, t h e  resonance is 
passed, or the r n n x i m ~ r ~ ~ ~  of 70 niph is reached. I t  shall be regarded as unsafe i f  the  ratio 
of total lateral to vertical forces, on any t r ~ ~ c k  side tneasurcd, exceetls 0.G for a duration 
eqirivnlcnt to 6 fect of t lxck.  

.\I! axles on the  tt-uck cstinlatccl to provide ttic worst total t ruck  side L!Y, or  each 
axle on an ctld unit o r  c a r  with single-axle trucks.  shall be equippecl with instrunie~lted 
tvheelscts. 'l'tle ivltcel forces shall be tncasured con t i r i i~ous l  th rough  the  test zone. 
3Ieastrrc.il force colnpolients having f r e q ~ ~ e t i c i e s  above 15 hertz a r e  t o  be filtered out. 

The truck side IJ1Tr ~ l ~ e i ~ s i i r c d  shall not exceed 0.6 for a duration equivalent to G feet 
of track, and the   sun^ of t h e  absolute values of L N  on ilny axle shal l  not  exceed 1.3, a t  
a n y  speed a t  or  below TO mph. A record of t h e  la tera l  and vertical loads, measured on t h e  
t ruck with the  largest  t ruck side LN, shall be subn~i t t ed  as  requit-ed t es t  data.  

11.6.3. ALICS>IEIVT, G.4GE AND CROSS-LEVEL VARIATION I S  C U R V E S  
(L)I'S.A>IIC CURVING) 

This requi~.ement is designed to ensure  t h e  satisfactory negotiation of the  car over 
jointed track with a combination of misalignments a t  the  outer rail joints and crosslevel 
due  to low joints on staggcretl rails a t  low speed.  The  analyses and  t e s t s  a r e  required t o  
show that  the resulting forces between the  wheel and rail show a n  aciequate margin of 
safety fl.ol~l any tendency for the car forces t o  cause the wheel t o  climb the  rail or t o  
move the track 01% rail o r  to give iinwanteti interference, ei ther between subsysten~s of 
t h e  car, or between t h e  car coinponents and  t rack.  

11.6.5.1. I'REDICTIOSS XNI) AN.4LYSES 

A review shall be made  of the previous t e s t s  and  analyses for t h e  na tu ra l  frequencies 
and  response of t h e  c a r  body, fully loaded, in  t h e  yaw and roll modes. 

No analysis is presently available, which c a n  predict the  resu l t s  accurately for th i s  
tes t ,  for all possible designs. I t  is therefore necessary to provide additional safety 
features in the runn ing  of the  test  program to  prevent unexpected derailments o r  
unnecessary damage.* 

*.Analyses suitable for predictions of new car  performance in this t e s t  a r e  under  development 
and will be added later. 
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11.6.5.2. TEST PROCEUL'RE AS11 CONDITIOSS 

The test c a r  shall  be operated between two cars  tha t  a r e  loatled to  provide then1 with 
a low center of gravi ty .  If suitable, an instrumentation c a r  may be used a s  one of these  
cars. 

Tcsts shall be cal.1.ied ou t  on dry  rail. in a curve of between 10 and  15 deg1-ces \\.it11 i l  

balance spt'ed of hctwccn 15 and 2.5 nipll. wit11 the  test  c a r  crilpty and  fully loaclt.d. 

The whcels of t h e  t e s t  ca r  shall have  less than  5000 lliiles \\.ear on the  new pl.ofilcs 
specified for production, except t h a t  those  on instrumented \vheelsets shall have ~nodificd 
I Ieu~l lann pr.ofilcs. The  rail profiles shall have a width a t  t h c  to11 of the  hcatf not less rhnn 
95 percent of t h e  original value \vhcn new-. 

The track shall  consist of stnpgcl.cd rails, 39 fcct long. 011 gootl tills ; ~ n d  b a l i i l ~ t ,  
shinlnlcd to provide a cross level of 0.5 inch. low ;it each joint, ilvel. tllc test zone I c n ~ ~ t l  of 
200 fccbt, as  sho\vn in Figure  11.1. 

WAVE t ENGTH 

~ 4 ' ~ j Z l l l ' C  11.4. 

CIiOSS LE\'EI, FOIi DYNXhIIC CUR\'ING TESTS 

Corllbined gage anti alignment variat ion shall bc provided in the  tes t  zone by 
shimming the o u t e r  rai l  in t h e  form of a n  outward cusp, giving a n l ;~>r i~num gagc of 57.5 
~ n c h c s  a t  each outel. ].ail joint anti a minimum KaFc of 56.5 inclles at  c;lch inner 1,;1il joint. 
the inrlcl. rail being within class 3 s t a n d a r d s  for ;~lignrnent in CI I I . \~~>S,  a s  pivcn in F ~ ~ ~ i r
1 1.5. 

LOW JOINT 

LOW JOINT 

Figure  1 1.5. 

G A G E  A S D  .L\LIGNh~IEST VARI.L\TION IX DYNAh.IIC CUIi \ ' ISG 
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I t  is reconimended t h a t  a guard rail be used to p r e ~ e n t  unpredicted derailment; 
however, it must not  be in contact with t h e  wheel during normal t e s t  running. The tes t  
shall be carried out  a t  constant  speeds u p  to 3 inches of overbalance. increasing in 2 rnph 
s teps  froni well below a n y  predicted lower cen te r  roll resonance unt i l  it is passed. The  
resonance may be approached from a speed above t h a t  predicted t o  give a lower center 
roll resonance. 

The test shall bc stopped i f  an unsafe condition is encountered o r  if t h e  maximum 
iilibalwnce is reachetl. I t  shill1 be reyarded a s  unsafe i f  a wheel lifts, t h e  instantaneous 
sum of the absolute LiV valiies of the intiividiial wheels on any ax le  exceetls 1.3, or ca r  
body roll cxcecvls 6 dcp~ .ecs ,  pcak-to-peak. 

Ttie Icacliric ,t;ixle or1 both trucks or) an  e n d  uni t  or  car,  or each ax le  on a n  end unit o r  
c-nt. with sir~glc-axle t~.i~c'lis, shall be equipped wit11 instrunientetl \vheclsets. The car body 
roll a n ~ l c  shall also bc riicnsut.ctl a t  one end  of the  lead unit. T h e  lateral  anti vertical I 
\vtrc.tll be 

I 
fol.ccs and ttlc roll angle shall measured cot~tinuously throiigh the  test zone. 

.\Ieasiired force c o n ~ p o n e n t s  having frequencies above 15 hertz a r e  t o  be filtered out. 

Thc maxin~iinr roll a n ~ l c  shall not exceed 6 degrees, pcak-to-pcnk, the  vertical wheel 
load s l~a l l  [lot bc less t h a n  10 percent of i ts  s ta t ic  value, the intlividual wheel L Y  shall he  
Icss than 0.8, and t h e  iust,ai~t:ineoiis sun1 of t h e  absolute wheel Ln 's  on any  axle shall be 
less than 1.3, a t  ally t e s t  spctlcl. 

I 

, 
A 1.ecori1 of both \vt~t.cl lo;~cls nicasurcd on t h e  axle with the  lo\vcst ~neasured  vertical 

I load and I a r ~ e s t  n i c i ~ s u ~ . e d  lateral load, a n d  t h e  roll angles measured ,  taken a t  t h e  
r-csotiant speeds for each  ca r  load. shall be submitted a s  required t e s t  data .  

1 
11.7. COUI'LEI) CAIG AN11 UKITS 

11.7.1. GENERAL 

The tests described in this section will be  designed to establish t h e  track-ivorthiness 
of the  car under conditions associated with t h e  realistic operation of ca r s  within a train.  
This may include severe  transient forces due  t o  coupling wit11 ad jacen t  cars. These forces 
nlay have a significant effect on the stabil i ty of cars and may lead to  derailment. T h e  
investigations will be designed to demonstra te  t h a t  the  car design provides an  adequate 
margin of safety from s t ructural  damage a n d  from any  tendency t o  derail. 

* This section to be added a t  a later  d a t e  

1 11.7.3. HORIZONT.4LLY CURVED TR-ACK + 

+ Inves t iga t io~~s  a r e  currently underway which will allow t h e  addition of this section 
in the  near  future .  
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The characterist ic properties of t h e  c a r  body and i t s  suspension. required for 
analysis of its tl-ack-worthiness, mus t  be supported by tcst  ~sesul ts  p r o v i d i n ~  evidence of 
their  validity. Forces and  motions b e t ~ v e e n  suspension components and  the  body modal 
frequencies of t h e  car ,  a s  asse~nbled,  can va ry  significantly from t h e  values calculated o r  
specified in the  design,  and may be impor tan t  to the  safe performance of the vehicle. 

A.1.1. TEST C;\H 

It is in lpo~- tant  t h a t  chal-actel-izations bc carried out  on the  pal.ticulal car  in t h e  
same condition t h a t  i t  is to be track tested so t h i ~ t  accirl.:ite prcctictions of its pe~.forrnnnce 
can be made. For  c a r s  with more t h a n  one type  of si~spension,  a t  leas t  one of each type  
shoultl be tested. 

The tcsts apply t o  all new ca r  suspensions,  includirlg t rucks  retrofitted with devices 
such a s  inter-asle connections, sidefrnnle cross-bracing and  additional suspension ele- 
ments, which have  not  been tested p~.eviously. 

Tests  for horizontal  characteristics of t h e  suspension of t rucks  with a t  least  tn'o 
axles, may be cnrricd o u t  wit11 the  tl-uck sep i~rn tcd  fro111 t h e  body. In this  case s ta t ic  
vertical loads m u s t  be applied to sinlillilte those clue to t h e  body or  l)otlics ant1 t h e  
rotational and la tera l  cha~.actcrist ics between the  truck and hotly mus t  be rllcasured 
scparntely. 

\ \here connections exist bet\vccn t h e  t ruck and body t .hat  may  : ~ f f c ~ t  t h e  t ruck  
characteristics, such a s  with a truck stecreti througll links t o  thc lbody, and for all c a r s  
\vith single axle t rucks ,  t h e  suspcnsion charactch~-istica m i ~ s t  he tested wllile connccteil to  
t h e  body. 

\ \ l ~ c r e  the t ruck  is  a t  the  junction of two ar t ic i~la tcd  bodies, both mus t  be simulated 
or used in the suspension ctiaracterization t e s t s  specified. 

A.1.2. T E S T  L0AI)S  

hlodal tcsts, a n d  t c s t s  for the  horizontal and ve~.tical suspensivrl ch;~rncterist ics at-c 
required \vith vc~.tic:~I loads equivalent to t h e  c a r  i r l  the lo;idcd conctition rcquirctl for- t h c  
a n a l y ~ e s  in \vIlich t h e  r c s i ~ l t s  \rill be u ~ c d .  Th i s  inc1utlt.s t c s t s  t o  rncnsu1.c the  n l i ~ ~ i l l i c l l t  
of the  aslcs to each o t h e r  anti to o the r  clc~rncnts in the systclnl. 

I n  tests for t h e  suspension char;lcteristics, the  recommentlcd p~.ucedu~.c  is to loatl tile 
suspension and to  nlcasilre the load and disy)lncement. or velocity, acl.oss tlie pnr t icul ;~r  
suspension element,  in the  rcquircd direction. T h r x  should be recorded u p  t o  t h e  
required n ~ a s i m u m  and  down to t h e  required nlinin~unl idcntificd. 

The loads niay be applied, e i the r  th rough  autonlatic cycling a t  a n  appropr ia te  
frequency or th rough  manual  increase a n d  decrease of load thl-ough a t  lcast  two 
complete cycles. If ~ n a n u a l  loading is  used, delays and in termedia te  load reversa ls  
between measurements  should be avoided. For  the  d e t e r ~ n i n a t i o n  of stiffness and  
frictional energy dissipation, the  frequency of cycling must  be  bet\vcen 0.2 and 0.5 he r tz .  

Graphs of load ve r sus  displacen~ent o r  velocity a re  desirable for t h e  detel.mination of 
the  required stiffness o r  damping. 
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A.2. TESTS \VITfi TtiK \YIiEELS RESTK-4lNED 

In the  tests describeti in this section, t h e  wheels a r c  rigidly a t t a c h e d  to the  rails o r  
supporting structul-c a n d  t h e  frame is nloved relative to them. 

T h c  nicthods described a r e  not suitable for trucks having s tee r ing  links. which 
couple the  lateral o r  roll motion of the body o r  truck frame to t h e  yaw nlotion of t h e  
axles. In such 11 case. provisiorl niust be made for i~nrcs t ra ined longitudinal movement of 
t h e  \vhecls. discussetl in section A.3. The s teer ing links may be disconnected to measure 
tile ctiaracteristics of si~spelision elenients in t h e  i~nsteercd condition. 

A11 tests r e q ~ ~ i t - c  t h a t  the  nctuatol-s alitl restl.ninirlg links, o t h e r  t h a n  those a t  t h e  
\v\rccls. haye the ecli~ivalt.nt of ball joints a t  both cnds  to allo~v for tilotion pcrpetit!iculnr 
to tllt>ir asis. 

For this test, equal  tneasul-cil vcl.ticnl loads a re  applied across t h e  spring groups in 
t h e  range froni zero to 1.5 tinies the  stat ic load, if possible. and a t  l eas t  to  t h e  static load 
of t h e  fully loadcd car. Vcrticnl actuators art.  attached to each s ide  of the  body or t h e  
s t ructure  si l l~ulatinp it. Tlic load may also be nppliccl by adding d e a d  load or n conlbinil- 
tion of both tlci~il and actu:\tor loads. 

Vertical detlectio~ls a r c  recli1iri.d across a l l  siguificant spring e l e ~ n e n t s  under load. 1 t 
is iliiportant to repo1.t a n y  diffthl.el~ces in t h e  nlcasur~cnicnts taken between each axle and 
franlc or sidcfranlc. 

X roll test is required i f  ttie roll characterist ic between t h e  body and  as le  includes 
movement a t  or  forces d u e  t;o elements o t h e r  t h a n  the  vertical suspension, such as 
clearances a t  sidebcarings, o r  anti-roll bars. 

For the roll test ,  two vertical actuators a r e  required as in t h e  vertical test ,  but with 
t h e  loads in the  act11atol.s in opposite directions. T h e  range of roll moments, in inch- 
pounds, applied to t h e  t ruck  should be between plus and minus 30 t imes  its stat ic load, in  
pouncls, or  until ttie wheels lift. The roll ang le  across all silspension elements may be 
measured directly o r  deduced froni displacements. 

The  lateral stiffness characteristic may be found by a t taching a n  actuator to apply 
loads latel.ally to t h e  botiy o r  botlies. which should be positioned a s  if on tangent  track. If 
t h e  lateral nrotion of t h e  truck frame is coupled to i ts  yaw through a s teer ing mechanism, 
it should be disconnected to  prevent the  y a w  resistance of the  f r a m e  from affecting t h e  
n~easuretnent  of la tera l  stiffnesses. 

The n ~ i n i m ~ ~ t n  a n d  maximum lateral loads applied per t ruck should be minus a n d  
plus one fifth of t h e  s ta t ic  load carried. hleasurements a re  required of the  lateral  
displacen~ents across al l  suspension elements. 

A.2.S. INTER-AXLE TWIST AND EQU-ALIZATION 

This test is carried o u t  with only one ax le  fised t o  the  track. O n e  wheel of the  o ther  
axle in the  car  o r  t ruck  is  jacked up t o  a height  of 3 inches, a n d  t h e  vertical load a n d  
displacement a re  measured.  The stiffness between t h e  asles in t w i s t  is t h e  ratio of t h e  
load to the displacement multiplied by t h e  s q u a r e  of t h e  gage. I t  i s  a measure  of the  t ruck 
equalization. 

C-11-414 
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-4.3. TESTS \VITfi UNRESTK.\INEU WHEELS 

A.3.1. GENERAL 

These tests  involve movements in t h e  suspension system and  axles relative t o  o ther  
elements of t h e  sys tem or to other axles, without restraint  between the  ~vhecl  a n d  rail ,  
but with the normal  static vertical load. 

The shear resistance between the  rail and the wheel m u s t  bc eliminated by t h e  
provision of a device having very low resistance,  such a s  a n  a i r  bearing,  under each axle. 

Both radial a n d  lateral n l i sa l ig~~nien t s  may bc dedilced fro111 ~ n c a s u ~ . e m ~ n t s  uf t h e  
yaw angle of each a s l e  from a conlnlon d a t u m .  The radial misalignnlcnt bctivcen axles  is 
half the difference in their  yaw angles, taken in t h e  s a m e  sense,  and thc  la tera l  
n ~ i s a l i ~ n m e n t  is t h e i r  nlean paw angle. 

In the case of t rucks  \vhich have significant clearance between t h e  asle anti f ramc,  i t  
may be necessary t o  establish t h e  axle in t h e  center of t h e  clearance for the purpose of 
identifying the  m e a n  axle misalignnlents. 

A.3.3. LOSGITC'DIN=\L STIFFNESS 

A longitudinal load must be applied t o  t.he axle, equivalent  t o  a single load a t  i t s  
center, and cycled between tension and compression up  to  half t h e  s ta t ic  load on t h e  a s k .  

The lond m a y  be  applied directly between axles, or  between t h e  t c s t  axle and  g round  
through a n  appropr ia te  structure,  wit11 t h e  bod. 01. truck f ramc  rcstrai1;c.d. The lond may  
also be applied directly bet\veen the  axle a n d  franle, or  in t h e  case  of a car with s i n ~ l e
axle trucks, between the  axle and the  body. 

The longitudinal deflection across each  s p r i ~ l g  element mus t  bc measured a n d  t h e  
results plotted. 

\\'here the load is applied directly between the axles of a t ruck o r  car, this  measure -  
ment may be combined with the  inter-axle shear  test  in  section A.3.4.. or  the  inter-axle 
bending stiffness test in section A.3.5. 

A.3.1. A X L E  L;\TERAL AS11 INTER-AXLE SIIE:lI< STIFFNESS 

The inter-axle s h e a r  stiffness may be found by s l ~ c n r i n g  t h c  as lcs ,  01 .  rvovinp t t l c ~ n  in 
opposite directions along thcir axes, a n d  ~ncasur ing  tllc s h e a r  01. Intcral dedtlction 
between them. T h e  shear  force on each axle must be i ~ t  1e:ist one  tenth  of t h r  s ta t ic  
vertical asle load. 

This test m a y  be conlbincd with t h e  inter-axle longitudinal tcs t  of scction X.3.:3., 
where the  required load can be achieved. 

In the case of ditmect inter-axle loading, the locations of tllc applicd f0rc.e and  
restraint are such t h a t  they are  equal a n d  opposite, d i a ~ o n a l l y  across the  truck o r  car .  

The actuator and  restraint each provide two components of force on t h e  axle  to  
which they a r e  at tached.  One component lies along t h e  direction of the  t r ack  and  
provides tension a n d  compression, a s  in scction A.3.3., for t h e  longitudinal stiffness. T h e  
other component lies along the  axle and  applies the  required s h e a r  force between axles. 
This component may be applied separate ly  with a suitable a r rangement  of ac tua to rs  and  
restraints. 

.?Ieasurements a r e  made of t h e  la tera l  misalignment of t h e  axles d u r i n ~ r  t h e  load 
cycle. The shear  stiffness is the  ratio of s h e a r  force t o  t h e  la tera l  misalignnlent. 
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For single axle trucks. a t e s t  similar t o  t h a t  described above may.  be used to 
deternrine the lateral stiffncss. with force applied laterally between ground and the  axle 
witti the  body restrained. o r  with the  truck f rame  restrained in t h e  case  of trucks having 
n1ol.e than  one axle. For  trucks which also provide steering through coupling axle lateral 
tllotion to its yaw a n ~ l e ,  th is  tes t  nlay be preferred over the  la tera l  t e s t  of section A.2.4. 
for fincling the lateral stiffness, since the  axles  a r c  free to yaw. 

, , 1Ilc inter-axle bcntling s t i f f~lcss  may be fount1 by yawing t h e  axles  in the  opposite 
clit.cctiotis ant1 n ~ c a s u l - i ~ l g  thc  yaw anxle bettvectl them. The yaw ~ n o m e n t  applied, in 
inch-poiinds, rutlst be nt  I c i l ~ t  cclilal to the  axle load in pounds. 

, I . his test nl;\y be co~~lbincltl tvith the inter-axle longiti~tlinal t e s t  of sectioll A.3.3. If 
this  is tlor~c, tho test  is citl.rictl out  I )J '  ilpl)lyi~lg an effective force on t h e  axle a known 
d i s t i r ~ l ~ e  lutct.:illy fro111 t h c  t~ .uck centct.line. 

I r l  t he  C.~\SC> of tlit.cct intcr-axle lo;\tlitlg t h e  ~aestraint  mus t  be applied to  the  axle, a t  
t h e  othw cntl of the  cat. o r  truck, on the  s a m e  side a s  t h e  applied force. The  applied and 
~ . e s t r a i t ~ i n g  forces each PI-ovitlc a longitutlinwl force and  a yaw moment  on the  axle to 
which they a r c  at tached.  The  force providc~s t h e  tension and cot~lpression a s  in section 

for the longitutlinal stiffness arltl the  nlorlient is applied between t h e  truck axles in 
ya\v. 'rhis nlonlcnt nlily be al)l)lictl iudepentlc~lt ly of the  longitudinal force. 

h l e ; l s i ~ r c ~ ~ l e n t s  a r c  nliltlc of ttlc t.csillting t.wtli;~l mis-alignnlent of t h e  axles dur ing 
thC load cycltl. 'The bcntling stiffrless is the  ra t io  of applied bending n ~ o m e n t  to  the radial 
nlisalignn~ent. 

A similar test  of t h e  as le  yaw stiffness nlay be ar ranged with forces applied in yaw 
between n single nxle anti ground, with t h e  body restrained,  o r  wi th  t h e  truck frame 
restrained in the case of trucks having more t h a n  one axle. 

i \ .R . c i .  YA\V RIOJIEXT UETWEES TIIE SUSI'ENSION AND BODY 

The required yaw stiffncss and breakout tol-que between t h e  c a r  body and truck 
mus t  be measured by applying a yaw nloment, using actuators  in  equal  and opposite 
dil.ections a t  diagonally opposite corners of t h e  t ruck to  ro ta te  t h e  t ruck  in yaw. The c a r  
body n l i ~ s t  be restrained. 

The applied yaw nlomellt  nils st be increased until gross rotat ion is  observed, repre- 
sent ing the  breakout t o ~ . q i ~ e .  or  to the limit recommended for t h e  y a w  of t h e  secondary 
suspension. 

The  angle in yaw between the  car  botiy a n d  t ruck bolster or  f r a m e  m u s t  be measured. 

A.4. KICII) AN11 FLESIISLE 1SOI)Y AlOU.\L CII.AKACTER1STICS 

Tests  are  required to  identify the  rigid a n d  flexible body modal frequencies and  
danlping. The rigid body modal frequencies may be compared t o  predictions using 
est imated or measured body masses, and ine r t i a s  and  t h e  suspension parameters  mea- 
sured according to  t h e  requirements of sections A.2. and  A.3. T e s t s  a n d  es t imates  should 
be made with the  c a r  i n  t h e  empty and  fully loaded s ta te .  
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-4.4.2. TEST CAR BOLIY 

For cars consist ing of more than  one coupled unit, tes ts  for  body modes a re  required 
on one of each of t h e  un i t  bodies having a different structural  design.  Dead loads may be 
added to give t h e  required additional loading to  any shared suspensions. 

\\'here coupling exists  between t h e  nlodes of adjacent bodies, such a s  in roll o r  
torsion. this may be exanlined in a dynamic analysis, validated for the  case of t e s t s  
without coupling. 

The frequency a n d  modal damping a r e  only required for  t h e  flexible body modes 
which are predicted t o  have a natural  frequency below 12 her tz .  

=\..1.3. CESER-4L PROCEDURE 

Transient o r  continuous escitation m a y  be applied, using o n e  o r  more actunto~.s  o r  
dropping the c a r  in a manner  to suit  t h e  required mocle of excitat ion.  

The modal frequency and damping a r e  required for an  ampl i tude  typical of t h e  cijr 
running on class 2 t rack.  

In the case of t h e  rigid body nlodes, t h e  actuators must be located a t  the rail level o r  
the level of the  t ruck  f rame with the  body f ree  to oscillate on i t s  suspension. I n  t h e  c a s e  
of the flexible body modes, the  excitation m a y  be applied directly to the  body. 

The frequency in her tz  may be determined from the \va\.elength in the t r ans ien t  
test, or from t h e  peak response, or from t h e  90 degree phase shi f t  between the response 
and escitation w h e r e  continuous excitation is  used. 

The percentage modal damping may be determined using t h e  logarithnlic decrc~ l lcn t  
in transient t e s t s  o r  t h e  bandwidth of t h e  response from a r a n g e  of frequencies. 

-4.4.4. RIGID I3OUY MODES 

The rigid body modes for the car  are :  

Body bounce 
Body pitch 
Body yaw and  sway 
Lower center  roll 
Upper center roll 

In the case where  the  norlnal load on thc body is n o t  centered brlt\veen thc 
suspensions, t h e  body bounce mode nlay be couplcd to t h e  body pitch. The required 
measurenlent of bounce and pitch may be achieved by t\vo ve~. t icnl  rneasul.enlc.llts a t  tllc 
ends of the car. T h e i r  u~ciglrted ~ u m  provides bounce and the i r  weighted cliffel.encc pitch. 
The weighting is  dependent  on their  position relative to t h e  c e n t c r  of mass. 

Yaw and sway  a r e  deduced from la tera l  measurenicnts m a d e  a t  each end of the  body, 
R known distance from its  Inass center,  similarly to the determinat ion of pitch. 

3leasurement of t h e  upper and lower cen te r  roll nlodes a r e  determined from la te ra l  
displacements t a k e n  at  two heights, or  by a single lateral displacelnent and a roll ang le  
measurement. 
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A.4.3. FLEXIBLE BODY RIODES 

The flexible body modes for the  ca r  are: 

Torsion 
Vertical bending 
Lateral bending 

Determination of t h e  frequency and darnping in the  torsion mode requires excitation 
and measurement of roll at one end of t h e  car.  

The excitation is similar to tha t  for roll but  resonance occurs a t  a higher frequen- 
cy. The response between the  ends of the  ca r  is out of phase for modes number 1,3, 
and in phase for modes number 2,4, although it is unlikely t h a t  modes above 2 will be 
significant. 

Vertical or  lateral  bending ll~odcs are measured as  a response to the  vertical o r  
I i~tcrid cscitatiotl a t  one enti or both ends  of t h e  car. The H1-st bending mode has a 
n~axi!niim amplitude a t  o r  neat- the car  center.  The second bending mode has  a node o r  
point of mininlutn response a t  the center. 

* Tests  a re  presently being conducted to examine th i s  method. 
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Table C-1. L i s t  of Measurements f o r  t h e  VTU T e s t s  

p ~ ~ p  - - - - - - - - - - 

Location 

Inpu t  Displacements 

1 A  - A x l e  1 - Right Wheel - V e r t i c a l  

1 B  - Axle  1 - Lef t  Wheel - V e r t i c a l  

1 C  - Axle 1 - Late ra l  

3 A  - Axle 2  - Right Wheel - V e r t i c a l  

3B - A x l e  2 - L e f t  Wheel - Vertical 

3 C  - A x l e  2  - Late ra l  

Wheel - Rai l  Forces 

A-End - Right  - Ver t i ca l  

A-End - Right  - Latera l  

A-End - L e f t  - Ver t i ca l  

A-End - L e f t  - Latera l  

B-End - Right  - Ver t i ca l  

B-End - Right  - Latera l  

B-End - L e f t  - Ver t i ca l  

B-End - L e f t  - Latera l  

Carbody Displacements 

15DZ A-End - Right  - Side S i l l  t o  Ground 

16DZ A-End - L e f t  - Side S i l l  t o  Ground 

17DX A-End - L e f t  - Side S i l l  t o  Ground 

18DZ B-End - Right  - Side S i l l  t o  Ground 

19DZ B-End - L e f t  - Side S i l l  t o  Ground 

20DX B-End - L e f t  - Side S i l l  t o  Ground 

T r a i l e r  Displacements 

21DZ Hitch End - Right Side t o  Carbody 

2 2 D Z  Hitch End - Lef t  Side t o  Carbody 

23DZ Tandem A x l e  - Right S ide  t o  Carbody 

24DZ Tandem Axle - Lef t  Side t o  Carbody 

25DX Hitch End - L a t e r a l  t o  Carbody 

26DX Tandem End - Late ra l  t o  Carbody 

50DZ Tandem End - C e n t e r  t o  Carbody 



Table C-1. List of Measurements for the VTU Tests 

(Continued) 

Measurements Location 

Carbodv Accelerometers 

27AZ A-End - Right Side 
2 8AZ A-End - Left Side 
2 9AX A-End - Center - Along Center Line 
3 0AZ Center - Right Side 
3 1AZ Center - Left Side 
3 2AX Center - Along Center Line 
3 3AZ B-End - Right Side 
34AZ B-End - Left Side 
3 5AX B-End - Center - Along Center Line 

Trailer Accelerometers 

Hitch End - Vertical Right Side 
Hitch End - Vertical Left Side 
Hitch End - Lateral - Along Center Line 
Tandem End - Vertical Right Side 
Tandem End - Vertical Left Side 
Tandem End - Lateral - Along Center Line 
Center Vertical 

Center Lateral 

Roll Gvros 

GR1 Tandem End Trailer 

GR2 A-End - Carbody 
GR3 B-End - Carbody 

Strain Gaqes 

S47X B-End - Carbody on Crossbeam - Lateral 
S48X A-End - Carbody on Crossbeam - Lateral 
S49Y A-End - On Centersill - Longitudinal 



Loaded Car Modal Analysis 

Discussion and Data P l o t s  





C . l  Loaded Car  Bounce Mode 

T r a n s f e r  f u n c t i o n s  f o r  e a c h  end o f  t h e  c a r  (D18Z a n d  D19Z) and  
t h e  d o o r  end  of t h e  t ra i ler  (D50Z) are p r e s e n t e d  i n  F i g u r e s  C - 1  
t o  C-3. The  i n p u t  c h a n n e l  is l A Z ,  t h e  d i s p l a c e m e n t  of  t h e  l e f t  
s i d e  A-end wheel. A c l e a r  bounce  mode r e s o n a n c e  c a n  b e  p icked  
o u t  a t  1.8 Hz i n  a l l  t h r e e  p l o t s .  

I n  F i g u . r e  C-2 (D19Z/1AZ1 B-end)  a n o t h e r  r e s o n a n c e  is 
a p p a r e n t  a t  2.8 Hz. By compar ing  t h e  p h a s e  and a n t i - r e s o n a n c e  
shown i n  F i g u r e  C - 1  (D16Z/lAZ), A-end) a t  2.7 Hz, t h i s  can  b e  
s e e n  t o  b e  a  p i t c h  r e s o n a n c e  wi th  o n l y  t h e  B-end ( t r a i l e r  h i t c h  
e n d )  r e s p o n d i n g .  Comparison of t h e  t r a i l e r  motion a t  2.7 Hz 
(D50Z, Fig .ure  C-3) w i t h  ca rbody  motion a t  t h e  same e n d  ( F i g u r e  
- 1 ,  t h e  t r a i l e r  c a n  b e  s e e n  t o  be u n d e r g o i n g  a r e s o n a n c e ,  i n  
w h i c h  t h e  t r a i l e r  is bouncing on t h e  c a r  a t  its tandem end.  
T h i s  is c l e a r l y  i l l u s t r a t e d  i n  F i g u r e  C-4,  which is a  t r a n s f e r  
f u n c t i o n  b e t w e e n  t r a i l e r  m o t i o n  (D50Z) a n d  c a r b o d y  mot ion  
( D 1 6 Z ) ,  o c c u r r i n g  a t  a b o u t  2.7 Hz. T h i s  t r a i l e r  m o t i o n ,  
a l t h o u g h  bounc ing  a t  t h e  tandem e n d ,  is a c t u a l l y  a p i t c h  mode 
d u e  t o  t h e  c o n s t r a i n t  of t h e  t r a i l e r  h i t c h .  T h i s  d r i v e s  t h e  
a s y m m e t r i c  c a r b o d y  p i t c h  mode s e e n  a t  2.7 Hz. The p i t c h  mode of  
t h e  t ra i ler ,  by i tself ,  was p r e v i o u s l y  found ( S e c t i o n  5.3) t o  be 
3.0 Hz s o  t h i s  c o u p l i n g  wi th  t h e  c a r  motion l o w e r s  t h e  a p p a r e n t  
r e s o n a n t  f r e q u e n c y .  

C.2 Loaded Car  P i t c h  Mode 

F i g u r e s  C - 5  t o  C-7 show t h e  t r a n s f e r  f u n c t i o n s  f o r  D 1 6 Z I  D19Z, 
and D50Z f o r  0.3 i n c h  a m p l i t u d e  p i t c h  i n p u t .  I n  t h i s  c a s e ,  t h e  
p i t c h  r e s o n a n c e  o f  2.7 Hz is c l e a r l y  s e e n  f o r  a l l  l o c a t i o n s .  
Again, t h e  B-end (D19Z) of t h e  car shows much greater motion 
t h a n  t h e  A-end (D16Z). T h i s  c o u l d  b e  d u e  t o  t h e  motion of t h e  
t r a i l e r ,  a c t i n g  a s  a  f igv ib ra t ion  a b s o r b e r g t  f o r  t h e  c a r  a t  t h e  
A-end ( tandem wheel  e n d ) .  

C.3 Loaded Car  Yaw Mode 

A c l e a r  c a r b o d y  yaw r e s o n a n c e  c a n  b e  s e e n  a t  1.7 Hz, i n  
F i g u r e s  C-8 and C-9, w i t h  t h e  t w o  e n d s  of t h e  c a r  moving o u t  of  
phase .  

A yaw r e s o n a n c e  f o r  t h e  t r a i l e r  moving on t h e  ca rbody  is 
shown i n  F i g u r e s  C-10 and  C - 1 1  which  a p p e a r s  a t  a b o u t  2.0 Hz. 
T h e  y a w - r o l l  mode of  t h e  t r a i l e r  a l o n e  was p r e v i o u s l y  found 
( S e c t i o n  5.4) t o  be 2.4 Hz. T h i s  mode, coup led  w i t h  t h e  1.7 Hz 
c a r b o d y  yaw mode, r e s u l t s  i n  t h e  a p p a r e n t  2.0 Hz t r a i l e r  yaw 
mode. 

T h e  t h i r d  yaw r e s o n a n c e  is somewhat e v i d e n t  a t  t h e  B-end of 
t h e  car (D20X) a t  a b o u t  2.7 Hz. T h i s  a p p e a r s  t o  be d r i v e n  by 
t h e  2.4 H z  t r a i l e r  y a w - r o l l  mode. 

; 
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F I G .  C - 1  LOADED CAR BOUNCE MODE, TRANSFER FUNCTION O F  V E R T I C A L  CARBODY 
DISPLACEMENT,  A-END L E F T  S I D E ,  R E L A T I V E  TO VTU I N P U T  ( D l G Z / l A Z )  
O F  0 . 3  I N C H  



FREQUENCY ( HZ ) 

F I G .  C-2 LOADED CAR BOUNCE MODE, TRANSFER FUNCTION O F  VERTICAL CARBODY 
DISPIACEMENT,  B-END LEFT S I D E ,  RELATIVE TO VTU I N P U T  ( D 1 9 Z / l A Z )  
O F  0 .3  INCH 



FIG. C-3 LOADED CAR BOUNCE MODE, TRANSFER FUNCTION OF VERTICAL TRAILER 
DISPLACEMENT, TANDEM END, RELATIVE TO VTU INPUT (D50Z/lAZ) OF 
0.3 INCH 
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F I G .  C-4 LOADED CAR BOUNCE MODE, TRANSFER FUNCTION O F  VERTICAL TRAILER 
DISPLACEMENT, TANDEM END, RELATIVE TO VERTICAL CARBODY 
DISPLACEMENT, A-END LEFT S I D E ,  ( D 5 0 Z / D 1 6 Z )  
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F I G .  C-5 LOADED CAR P I T C H  MODE, T R I N S F E R  F U N C T I O N  O F  V E R T I C A L  CARBODY 
DISPLACEMENT,  A-END L E F T  S I D E ,  R E L A T I V E  T O  VTU I N P U T  ( D l G Z / l A Z )  
O F  0 . 3  INCH 
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F I G .  C-6 LOADED CAR P I T C H  MODE, TRANSFER FUNCTION O F  V E R T I C A L  CARBODY 
DISPLACEMENT,  A-END L E F T  SIDE, R E L A T I V E  TO VTU I N P U T  ( D l D Z / l A Z )  
O F  0 .3  I N C H  
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FIG. C-7 LOADED CAR P I T C H  MODE, TRANSFER FUNCTION OF VERTICAL TRAILER 
DISPLACEMENT, TANDEM END, RELATIVE TO VTU I N P U T  (DSOZ/ lAZ)  O F  
0 . 3  INCH 



FREQUENCY ( HZ ) 

F I G .  C-8 LOADED CAR YAW MODE, TRANSFER FUNCTION O F  LATERAL CARBODY 
DISPLACEMENT, A-END L E F T  S I D E ,  RELATIVE TO VTU I N P U T  ( D 1 7 X / l C X )  
O F  0 . 4  INCH 
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F I G .  C-9 LOADED CAR YAW MODE, TRANSFER FUNCTION O F  LATERAL CARBODY 
DISPLACEMENT, B-END L E F T  S I D E ,  RELATIVE TO VTU INPUT ( D 2 0 X / l C X )  
OF 0 . 4  INCH 
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FIG. C-10  LOADED CAR YAW MODE, TRANSFER FUNCTION O F  LATERAL TRAILER 
DISPLACEMENT, TANDEM END, RELATIVE TO VTU I N P U T  ( D 2 6 X / l C X )  O F  
0 . 4  INCH 
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F I G .  C-11 LOADED CAR YAW MODE, TRANSFER FUNCTION OF LATERAL TRAILER 
DISPLACEMENT, HITCH END, RELATIVE TO VTU INPUT (D25X/lCX) 
0 . 4  I N C H  



C.4 Loaded Car Sway Mode 

R e s u l t s  o f  t h e  0 . 4  i n c h  a m p l i t u d e  sway t e s t s  a r e  shown i n  
F i g u r e s  C - 1 2  t o  C - 1 5 .  L a t e r a l  t r a n s f e r  f u n c t i o n s  f o r  D 1 7 X ,  
D 2 0 X ,  D25X1 and D26X a r e  shown i n  a l l  f i g u r e s  f o r  b o t h  t r a i l e r s  
a n d  t h e  c a r b o d y  a t  0.75 Hz. T h i s  mode is, however, bare ly  
e v i d e n t  f o r  t h e  t r a i l e r  a t  t h e  h i t c h  end,  while t h e  tandem end 
shows cons ide rab ly  more motion. The r o l l  mode f o r  t h e  t r a i l e r  
a l o n e  is 1.1 Hz ( S e c t i o n  5 . 4 ) .  T h e  t r a i l e r  is shown t o  b e  
moving o u t  of p h a s e s  w i t h  c a r b o d y  a t  1.1 Hz, s o  t h e  l a r g e  
a m p l i t u d e  s e e n  f o r  t h e  t andem e n d  ( D 2 6 X ,  F i g u r e  C-15) is 
probably  d u e  t o  coup l ing  with t h i s  mode. 

C.5 Loaded Car Lower Cen te r  Roll 

F i g u r e s  C-16  and C - 1 7  show t h e  t r a n s f e r  func t ions  of t h e  r o l l  
gyro's  mounted on t h e  c a r  ( G R 2 ,  GR3) r e l a t i v e  t o  t h e  v e r t i c a l  
i n p u t  a t  t h e  l e f t  A-end wheel  ( 1 A Z ) .  A c l e a r  ca rbody  r o l l  
r e sonance  is shown a t  0.65 Hz, with bo th  t r a i l e r  and carbody i n  
phase  a t  t h a t  f requency .  

The t r a i l e r  r o l l  resonance  of approximately  1.0 Hz can b e  
s e e n  b y  looking a t  t h e  t r a n s f e r  f u n c t i o n  of t h e  t r a i l e r  r o l l  
g y r o  ( G R 1 )  r e l a t i v e  t o  t h e  carbody r o l l  g y r o  ( G R 2 )  i n  F igure  
C-18. The  t r a i l e r  and  carbody can be seen  t o  be  i n  p h a s e  up t o  
0.7 o r  0.8 Hz, b u t  by  1.0 Hz they  a r e  completely o u t  of phase  
and t h e  t r a i l e r  is a t  resonance  r e l a t i v e  t o  t h e  carbody .  This  
can a l s o  b e  seen i n  F i g u r e  C-17,  where  a t  1.0 Hz t h e r e  is an 
a n t i - r e s o n a n c e  f o r  c a r b o d y  r o l l ,  w h i l e  t h e  t r a i l e r  is  a t  
r e sonance  on t o p  of it. 

C.6 Loaded Car  U p w e r  C e n t e r  Roll 

The u p p e r  c e n t e r  r o l l  d a t a  is confus ing  showing what appea r s ,  a t  
f i r s t ,  t o  b e  a  v e r y  b road  r o l l  resonance.  T r a n s f e r  f u n c t i o n s  of 
t h e  ca rbody  r o l l  g y r o  (GR2)  and trai ler  r o l l  g y r o  ( G R l ) ,  v e r s u s  
t h e  v e r t i c a l  d i sp lacement  of t h e  A-end l e f t  wheel a r e  shown i n  
F i g u r e s  C-19 a n d  C-20. A r e s o n a n t  peak a p p e a r s  somewhere 
between 2.0 and 3.0 H z  f o r  t h e  t r a i l e r  r o l l  motion, while t h e  
carbody  shows no r o l l  resonance  t h r o u g h o u t  t h e  t e s t  range .  

T h e  a c t u a l  f r e q u e n c y  of  t h e  r o l l  r e s o n a n c e  c a n  b e  
a s c e r t a i n e d  by r e f e r e n c e  t o  t r a n s f e r  f u n c t i o n s  of t h e  t r a i l e r  
and ca rbody  l a t e r a l  motions r e l a t i v e  t o  v e r t i c a l  wheel  motion. 
These a r e  shown i n  F i g u r e s  C - 2 1  and C - 2 2  f o r  t h e  A and  B-ends of 
t h e  ca rbody  ( D 1 7 X ,  D20X) and i n  F i g u r e s  C - 2 3  and C - 2 4  f o r  t h e  A 
and B-ends of t h e  t r a i l e r  (D26X, D25X). D 1 7 X  and D20X bo th  show 
r e s o n a n t  p e a k s  a t  2.0 a n d  2.8 Hz, a l t h o u g h  t h e s e  a r e  most 
c l e a r l y  de f ined  f o r  D20X, t h e  B o r  h i t c h  end of t h e  ca r .  By 
comparing t h e  phase  p l o t s ,  t h e  2.0 Hz resonance shows ou t  of 
phase  motion (yaw), whi le  t h e  2.8 Hz mode is i n  p h a s e  (sway). 
The same s i t u a t i o n  h o l d s  t r u e  f o r  t h e  t r a i l e r  motions, a l though 
D25X, t h e  h i t c h  end,  shows ve ry  l i t t le  ampli tude o f  motion a s  
expec ted  th roughou t  t h e  f requency  r ange .  
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F I G .  C-12 LOADED CAR SWAY MODE, TRANSFER FUNCTION O F  LATERAL CARBODY 
DISPLACEMENT, A-END LEFT S I D E ,  RELATIVE TO VTU I N P U T  ( D 1 7 X / l C X )  
0 . 4  INCH 



2.8 3 , 0  
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F I G .  C-13  LOADED CAR SWAY MODE, TRANSFER FUNCTION O F  LATERAL CARBODY 
DISPLACEMENT, B-END L E F T  S I D E ,  RELATIVE TO VTU I N P U T  ( D 2 0 X / l C X )  
0 . 4  INCH 



F I G .  C-14  LOADED CAR SWAY MODE, TRANSFER FUNCTION O F  LATERAL TRAILER 
DISPLACEMENT, HITCH END, RELATIVE TO VTU I N P U T  (D25X/lCX) 
0 . 4  I N C H  
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2 ,  3 ,  4 m 
FREQUENCY ( HZ 1 

F I G .  C-15 LOADED CAR SWAY MODE, TRANSFER FUNCTION OF LATERAL TRAILER 
DISPLACEMENT, TANDEM END, RELATIVE TO VTU I N P U T  (D26X/lCX) 
0 . 4  INCH 



2 I 3 4,  
FREQUENCY ( HZ 

F I G .  C-16 LOADED CAR LOWER CENTER ROLL MODE, TRANSFER FUNCTION O F  CARBODY 
ROLL, A-END, RELATIVE TO VTU I N P U T  ( G R 2 / 1 A Z )  O F  0 . 3  INCH 



2 I 3 1 4 I 
FREQUENCY t HZ 1 

FIG. C-17 LOADED CAR LOWER CENTER ROLL MODE, TRANSFER FUNCTION O F  CARBODY 
ROLL, B-END, R E L A T I V E  T O  VTU I N P U T  ( G R 3 / 1 A Z )  0 .3  INCH 



2 1 3 I 4 I 
FREQUENCY ( HZ ) 

F I G .  C - 1 8  LOADED CAR LOWER CENTER ROLL MODE, TRANSFER FUNCTION O F  T R A I L E R  
ROLL, TANDEM E N D ,  RELATIVE TO CARBODY ROLL, A-END 



2 I 3 I 4, 
FREQUENCY ( HZ 

F I G .  C-19 LOADED CAR U P P E R  CENTER R O L L  MODE, T R A N S F E R  F U N C T I O N  O F  CARBODY
R O L L ,  A-END, R E L A T I V E  T O  VTU I N P U T  ( G R 2 / 1 A Z )  O F  0 . 3  I N C H  

 



2 I 3 ,  4 I 
FREQUENCY ( HZ 

FIG. C-20 LOADED CAR UPPER CENTER ROLL MODE, TRANSFER FUNCTION OF CARBODY 
ROLL, B-END, RELATIVE TO VTU INPUT (GR3/1AZ) OF 0.3 INCH 



2 I 3 I 4 I 
FREPUENCY ( HZ ) 

F I G .  C - 2 1  LOADED CAR UPPER CENTER ROLL MODE, TRANSFER FUNCTION O F  LATERAL 
CARBODY DISPLACEMENT, A-END L E F T  S I D E ,  RELATIVE TO VTU I N P U T  
( D 1 7 X / l A Z )  O F  0 . 3  INCH 



2 1 3, 4 I 

FREQUENCY ( HZ 

F I G .  C-22  LOADED CAR UPPER CENTER ROLL MODE, TRANSFER FUNCTION O F  LATERAL 
CARBODY DISPLACEMENT, B-END L E F T  S I D E ,  RELATIVE TO VTU I N P U T  
( D 2 0 X / l A Z )  O F  0 .3  INCH 



2 I 3, 4 1 

FREQUENCY ( HZ ) 

F I G .  C - 2 3  LOADED CAR U P P E R  C E N T E R  R O L L  MODE, T R A N S F E R  F U N C T I O N  O F  L A T E R A L  
T R A I L E R  D I S P L A C E M E N T ,  TANDEM E N D ,  R E L A T I V E  T O  VTU I N P U T  
( D 2 6 X / l A Z )  O F  0 . 3  I N C H  



2 I 3 I 4 
FREPUENCY ( HZ 1 

FIG. C-24 LOADED CAR UPPER CENTER ROLL MODE, TRANSFER FUNCTION OF LATERAL 
TRAILER DISPLACEMENT, HITCH END, RELATIVE TO VTU I N P U T  
( D 2 5 X / l A Z )  O F  0.3 INCH 



Thus ,  a t  2.0 H z ,  t h e  t r a i l e r  and c a r  a r e  undergoing some 
form of n e a r  r e sonan t  yaw motion, which is coupled w i t h  t h e  
t r a i l e r ' s  2 .4  Hz y a w - r o l l  mode. A t  2.8 Hz, t h e  t r a i l e r  and 
carbody a r e  out  of phase  with each o ther ,  while t h e  ends  of t h e  
t r a i l e r  a r e  in  phase,  a s  a r e  t h e  ends  of t h e  carbody. This 
c l e a r l y  ind ica tes  t h a t  t h e  upper c e n t e r  r o l l  r e sonan t  frequency 
is 2.8 Hz .  





Additional Data P lo t s  - VTU T e s t s  
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I n s t r u m e n t a t i o n  L i s t  - Track T e s t s  





Table C-2. Instrumentation Summary - 
Empty Car Track Tests 

CH # MEAS # Description/Location of the Transducers 

1 TACH Consist speed recorded from T-7 lab coach 
tachometer 

2 ALDl Automatic locatio~ device, leading end of 
locomotive 

3 ALD2 Automatic location device, leading end of test 
vehicle 

4 MALD Manual location device, on-board T-7 lab coach 

Locomotive Transducer Location 
Left vertical wheel force, lead truck, lead axle 
Left lateral wheel force, lead truck, lead axle 
Left lateral/vertical wheel force ratio, lead 
truck, lead axle 
Right vertical wheel force, lead truck, trail axle 
Right lateral wheel force, lead truck, trail axle 
Right lateral/vertical wheel force ratio, lead 
truck, trail axle 
Left vertical wheel force, lead truck, trail axle 
Left lateral wheel force, lead truck, trail axle 
Left lateral/vertical wheel force ratio, lead 
truck, trail axle 
Right vertical wheel force, lead truck, trail axle 
Right lateral wheel force, lead truck, trail axle 
Right lateral/vertical wheel force ratio, lead 
truck, trail axle 

Test Vehicle Transducer Locations 
Left vertical wheel force, lead axle viewed from 
A-end 
Left lateral wheel force, lead axle viewed from 
A-end 
Left lateral/vertical wheel force ratio, lead axle 
Right vertical wheel force, lead axle 
Right lateral wheel force, lead axle 
Right lateral/vertical wheel force ratio, lead 
axle 
Longitudinal axle force, lead axle 
Left vertical wheel force, trail axle 
Left lateral wheel force, trail axle 
Left lateral/vertical wheel force ratio, trail 
axle 
Right vertical wheel force, trail axle 
Right lateral wheel force, trail axle 
Right lateral/vertical wheel force ratio, trail 
axle 
Longitudinal axle force, trail axle 
Vertical spring displacement, A-end right side, as 
viewed from B-end 
Vertical spring displacement, A-end left side, as 
viewed from B-end 



Table C-2. Instrumentation Summary - 
Empty Car Track Tests (Continued) 

CH # MEAS # Description/Location of the Transducers 
- 

Test Vehicle Transducer Locations (Continued) 
Vertical spring displacement, B-end right side, as 
viewed from B-end 
Vertical spring displacement, B-end left side, as 
viewed from B-end 

ARYDl Longitudinal axle yaw displacement, B-end right 
side, as viewed from B-end 

ALY D2 Longitudinal axle yaw displacement, A-end left 
side, as viewed from B-end 
Longitudinal axle yaw displacement, B-end right 
side, as viewed from B-end 
Longitudinal axle yaw displacement, B-end left 
side, as viewed from B-end 

ALXDl Lateral axle displacement, B-end left side, as 
viewed from B-end 
Lateral axle displacement, A-end left side, as 
viewed from B-end 
Car body roll, test vehicle A-end 
Car body roll, test vehicle B-end 
Lateral car body accelerometer, A-end right 
corner, as viewed from B-end 

CZAl Lateral car body accelerometer, center 
ARZA2 Vertical car body accelerometer, A-end right 

corner, as viewed from B-end 
Vertical car body accelerometer, center 
Lateral Car body accelerometer, B-end right 
corner, as viewed from B-end 
Vertical car body accelerometer, B-end right 
corner, as viewed from B-end 
Vertical bearing adapter accelerometer, A-end left 
side, as viewed from B-end 

ALZAG Vertical bearing adapter accelerometer, A-end 
right side, as viewed from B-end 
Vertical bearing adapter accelerometer, B-end left 
side, as viewed from B-end 
Vertical bearing adapter accelerometer, B-end 
right side, as viewed from B-end 
Lateral bearing adpater accelerometer, A-end left 
side, as viewed from B-end 

BLXAG Lateral bearing adapter accelerometer, B-end left 
side, as viewed from B-end 
Lateral car body accelerometer, A-end right side, 
5.5' above axle height 
Lateral car body accelerometer, B-end right side, 
5.5' above axle height 

* All tests performed with B-end leading 



Table C-3. Instrumentation Summary - 
Loaded Car Track Tests 

CH # MEAS # Description/Location of the Transducers 

1 TACH Consist speed recorded from T-7 lab coach 
tachometer 

2 ALDl Automatic location device, leading end of 
locomotive 

3 ALD2 Automatic location device, leading end of test 
vehicle 

4 MALD Manual location device on-board T-7 lab coach 

Locomotive Transducer Locations 
Left vertical wheel force, lead truck, lead axle 
Left lateral wheel force, lead truck, lead axle 
Left lateral/vertical wheel force ratio, lead 
truck, lead axle 
Right vertical wheel force, lead truck, trail axle 
Right lateral wheel force, lead truck, trail axle 
Right lateral/vertical wheel force ratio, lead 
truck, trail axle 
Left vertical wheel force, lead truck, trail axle 
Left lateral wheel force, lead truck, trail axle 
Left lateral/vertical wheel force ratio, lead 
truck, trail axle 
Right vertical wheel force, lead truck, trail axle 
Right lateral wheel force, lead truck, trail axle 
Right lateral/vertical wheel force ratio, lead 
truck, trail axle 

Test Vehicle Transducer Locations 
Left vertical wheel force, lead axle viewed from 
A-end 
Left lateral wheel force, lead axle viewed from 
A-end 
Left lateral/vertical wheel force ratio, lead axle 
Right vertical wheel force, lead axle 
Right lateral wheel force, lead axle 
Right lateral/vertical wheel force ratio, lead 
axle 
Longitudinal axle force, lead axle 
Left vertical wheel force, trail axle 
Left lateral wheel force, trail axle 
Left lateral/vertical wheel force ratio, trail 
axle 
Right vertical wheel force, trail axle 
Right lateral wheel force, trail axle 
Right lateral/vertical wheel force ratio, trail 
axle 

10LF-2 Longitudinal axle force, trail axle 
ARZDl Vertical spring displacement, A-end right side, as 

viewed from B-end 
Vertical spring displacmement, A-end left side, as 
viewed from B-end 



Table C-3. Instrumentation Summary - 
Loaded Car Track Tests (Continued) 

CH # MEAS # Description/Location of the Transducers 

Test Vehicle Transducer Locations (Continued) 
Vertical spring displacement, B-end right side, as 
viewed from B-end 
Vertical spring displacement, B-end left side, as 
viewed from 8-end 

ARY Dl Longitudinal axle yaw displacement, A-end right 
side, as viewed from B-end 

ALY D2 Longitudinal axle yaw displacement, A-end left 
side, as viewed from B-end 

BRY D3 Longitudinal axle yaw displacement, B-end right 
side, as viewed from B-end 
Longitudinal axle yaw displacement, B-end left 
side, as viewed from B-end 

ALXDl Lateral axle displacement, B-end left side, as 
viewed from B-end 
Lateral axle displacement, A-end left side, as 
viewed from B-end 
Car body roll, test vehicle A-end 
Car body roll, test vehicle B-end 
Trailer roll, test trailer tandem end 
Lateral car body accelerometer, A-end right 
corner, as viewed from B-end 

CZAl Lateral car body accelerometer, center 
ARZA2 Vertical car body accelerometer, A-end right 

corner, aas viewed from B-end 
Vertical car body accelerometer, center 
Lateral car body accelerometer, B-end right 
corner, as viewed from B-end 
Vertical car body accelerometer, B-end right 
corner, as viewed from B-end 
Vertical trailer accelerometer, tandem A-end, as 
viewed from B-end 
Lateral trailer accelerometer, right corner tandem 
end 
Vertical trailer displacement, right corner tandem 
end 
Lateral trailer displacement, right corner tandem 
end 
Vertical trailer axle displacement, right trailing 
trailer axle 
Lateral bearing adapter accelerometer, A-end left 
side, as viewed from B-end 
Lateral bearing adapter accelerometer, B-end left 
side, as viewed from B-end 
Longitudinal trailer displacement, center B-end 
hitch end 
Lateral trailer displacement, left corner hitch 
end 

* All tests performed with B-end leading 



Table C-4. Instrumentation Summary - 
Buff and Draft Simulation Tests 

CH # MEAS # Description/Location of the Transducers 

' 1 TACH Consist speed recorded from T-7 lab coach 
tachometer 

2 ALDl Automatic location device, leading end of 
locomotive 

3 ALD2 Automatic location device, leading end of test 
vehicle 

4 MALD Manual location device, on-board T-7 lab coach 

Test Vehicle Transducer Locations 
Left vertical wheel force, lead truck, lead axle 
Left lateral wheel force, lead truck, lead axle 
Left lateral/vertical wheel force ratio, lead 
truck, lead axle 
Right vertical wheel force, lead truck, trail axle 
Right lateral wheel force, lead truck, trail axle 
Right lateral/vertical wheel force ratio, lead 
truck, trail axle 
Left vertical wheel force, lead truck, trail axle 
Left lateral wheel force, lead truck, trail axle 
Left lateral/vertical wheel force ratio, lead 
truck, trail axle 
Right vertical wheel force, lead truck, trail axle 
Right lateral wheel force, lead truck, trail axle 
Right lateral/vertical wheel force ratio, lead 
truck, trail axle 

Test Vehicle Transducer Locations 
Left vertical wheel force, lead axle viewed from 
A-end 
Left lateral wheel force, lead axle viewed from 
A-end 
Left lateral/vertical wheel force ratio, lead axle 
Right vertical wheel force, lead axle 
Right lateral wheel force, lead axle 
Right lateral/vertical wheel force ratio, lead 
axle 
Longitudinal axle force, lead axle 
Left vertical wheel force, trail axle 
Left lateral wheel force, trail axle 
Left lateral/vertical wheel force ratio, trail 
axle 
Right vertical wheel force, trail axle 
Right lateral wheel force, trail axle 
Right lateral/vertical wheel force ratio, trail 
axle 

10LF-2 Longitudinal axle force, trail axle 
ARZDl Vertical spring displacement, A-end right side, as 

viewed from B-end 
Vertical spring displacement, A-end left side, as 
viewed from B-end 
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Table C-4. Instrumentation Summary - 
Buff and Draft simulation Tests (Continued) 

CH # MEAS # Descri~tion/Location of the Transducers 

Test Vehicle Transducer Locations (Continued) 
Vertical spring displacement, B-end right side, as 
viewed from B-end 
Vertical spring displacement, B-end left side, as 
viewed from B-end 

ARYDl Longitudinal axle yaw displacement, A-end right 
side, as viewed from B-end 

ALY D2 Longitudinal axle yaw displacement, A-end left 
side, as viewed from B-end 
Longitudinal axle yaw displacement, B-end right 
side, as viewed from B-end 
Longitudinal axle yaw displacement, B-end left 
side, as viewed from B-end 
Lateral axle displacement, B-end left side, as 
viewed from B-end 
Lateral axle displacement, A-end left side, as 
viewed from B-end 
Car body roll, test vehicle A-end 
Car body roll, test vehicle B-end 
Lateral car body accelerometer, A-end right 
corner, as viewed from B-end 
Lateral car body accelerometer, center 
Vertical car body accelerometer, A-end right 
corner, as viewed from B-end 
Vertical car body accelerometer, center 
Lateral car body accelerometer, B-end right 
corner, as viewed from B-end 
Vertical car body accelerometer, B-end right 
corner, as viewed from B-end 

ARY D5 Longitudinal car displacement between load car and 
test car, A-end right side 

ALY D6 Longitudinal car displacement between load car and 
test car, A-end left side 
Lateral car displacement between load car and test 
car, A-end 
Vertical car displacement between load car and 
test car, A-end 
Lateral bearing adapter accelerometer, A-end left 
side, as viewed from B-end 
Lateral bearing adapter accelerometer, B-end left 
side, as viewed from B-end 
Lateral actuator force between load car and test 
car, A-end 
Vertical actuator force between load car and test 
car, A-end 

* All tests performed with B-end leading. Buff and draft 
simulated loads reacted at the A-end of the test vehicle. 
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