
03 - Rail Vehicles sc 
Components



//> u >

U S  D e p a r rm e n i 
o f T ra n s p o rta t io n

Federal Railroad 
Adm inistration

TRUCK DESIGN OPTIMIZATION PROJECT (TDOP) 

WEAR DATA COLLECTION PROGRAM

Office of Research and 
Development 
Washington, DC 20590

Washington Operations
8326 Professional Hill Drive •  Fairfax, Virginia 22031 •  (703) 698-1608

DOT/FRA/ORD- 8 3 / 1 0  MARCH 1983

Kenneth W. Larsen 
David A. Clark

This document is available to the 
U.S. public through the National 
Technical Information Service, 
Springfield, Virginia 22161 .



NOTICE
This document is disseminated under the 
sponsorship of the Department of Trans­
portation in the interest of information 
exchange. The United States Government 
assumes no liability for its contents 
or use thereof.

NOTICE
The United States Government does not 
endorse products or manufacturers. Trade 
or manufacturers’ names appear herein 
solely because they are considered 
essential to the object of this report.



Technical Report Documentation Page
1 • Report No.

FRA/0 RD-8 3 / 1 0

2. Government Accession No. 3. Recipient’s Catalog No.

4. Title and Subtitle
TRUCK DESIGN OPTIMIZATION PROJECT (TDOP) 
Wear Data Collection Program

5. Report Date
March 1983

6. Performing Organization Code

8. Performing Organization Report No.7. Authors)
Kenneth W. Larsen, David A. Clark

9. Performing Orgonizotion Nome and Address
Dynamic Science, Inc.
8 3 2 6  Professional H ill Court 
Fairfax, V irg in ia 2 2 0 3 1

10. Work Unit No. (TRAIS)

11. Contract or Grant No.
D0 T-FR-9 0 4 8 , Task 9

13. Type of Report and Period Covered
Technical Summary Report 

March 1 9 8 3

12. Sponsoring Agency Name and Address
U.S. Department o f Transportation 
Federal Railroad Administration 
Office of Research and Development 
Washington, D.C. 2 0 5 9 0

14. Sponsoring Agency Code
FRA/RRD- 1 1

15. Supplementary Notes
In cooperation w ith: Union Pacific Railroad

1416  Dodge Street 
Omaha, Nebraska 681 79

16. Abstract
The Wear Data Collection Program was a f ie ld  testing study associated 

with the Truck Design Optimization Project in which test trucks in un it coal 
tra in  service were monitored fo r wear in an e ffo r t to develop comparative 
wear performance data. Seven truck types (one car set o f each type) including 
both standard three-piece trucks in common use in the industry and premium 
trucks which incorporate design features such as steering in curves were 
monitored and period ica lly  disassembled at which time a large number of 
mechanical measurements were made at points which were considered to be 
potential wear points.

This report reviews and evaluates the measurements which were taken and 
describes the forms in which th is  data is now available. In addition, recom­
mendations are made both fo r reducing the number of measurements and for 
sim plifying the problem of storage and re trieva l of the data by reducing 
the number of data points.

17, Key Words 18. Distribution Statement
Freight trucks 
Wear Measurement 
Data Collection

Document is available to the public 
through the National Technical In- : 
formation Service 
Springfie ld, V irg in ia  221 61

19. Security Ci'assif. (of this report) 20. Security Clossif. (of this page) 21« No. of Pages 22. Price

, Unclassified Unclassified 68

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized



METRIC CONVERSION FACTORS

Approximate Conversions to Metric Measures 

Symbol When You Know Multiply by To Find

9 ---------------- = ------------ 23

22

Symbol
8

-21
20

Approximate Conversions from Metric Measures 

Symbol When You Know Multiply by To Find Symbol

LENGTH

LENGTH
~

in c inches *2.5 centimeters cm ~E
n feet 30 centimeters cm _H
yd yards 0.9 meters m _
mi miles 1.6 kilometers km —

AREA — E

—
in2 square inches 6.5 square centimeters cm2 __ n
ft* square feet 0.09 square meters m2 -z=
yd* square yards 0.8 square meters m2 —
mi2 square miles > 2.6 square kilometers km2 ----—

acres 0.4 hectares ha 5---- —
MASS (weight) — ~

oz ounces 28 grams g ~
lb pounds 0.45 kilograms kg

short tons 0.9 tonnes t 4---- —
(2000 lb)

VO LU M E ~

_ ------19 mm millimeters 0.04 inches in
cm centimeters 0.4 inches in

----- 18 m meters 3.3 feet ft
m meters 1.1 yards yd

= km kilometers 0.6 miles mi
== ■ - — 17

=: ----- 16 AREA
—

15 cm2 square centimeters 0.16 square inches in2
= m2 square meters 1.2 square yards yd2
— km2 square kilometers 0.4 square miles mi2
—

---- -14 ha hectares (10,000 m2) 2.5 acres

^  ... ------13
= ------ MASS (weight)
=

9 grams 0.035 ounces OZ
= .... ------11 kg kilograms 2.2 pounds lb
— t tonnes (1000 kg) 1.1 short tons
= 10

§§ -------9 VOLUME

tsp teaspoons 5 mi)filiter$ ml “■“ZZ
Tbsp tablespoons 15 milliliters ml 3 — —
fl oz fluid ounces 30 milliliters ml —
c cups 0.24 liters i rr
pt pints 0.47 liters i
qt quarts 0.95 liters i —
gal gallons 3.8 liters i —
ft2 cubic feet 0.03 cubic meters m3 2 — —
yd3 cubic yards 0.76 cubic meters m3 __ z

TEMPERATURE (exact) —

°F Fahrenheit 5/9 (after Celsius °c — —.

temperature subtracting temperature 1 — —

32)

*1 In. -  2 .54  cm (exactly). For other exact conversion* and m ore detail tables see ~
NBS Misc. Publ. 286. Untf:s of Weight and Measures. Price $2 .26  SD
K c .  C* c 10 286 . inches

-— 0 ml milliliters 0.03 fluid ounces fl oz
= i liters 2.1 pints Pt
— i liters 1.06 quarts qt------- 7 i liters 0.26 gallons gal

m3 cubic meters 36 cubic feet ft3
— ------ 6 m3 cubic meters 1.3 cubic yards yd3

= ------- 5 TEMPERATURE (exact)

= -------4 °C Celsius 9/5 (then Fahrenheit °F
— temperature add 32) temperature

' -------3
1 -— °F

------- 2 °F 32 98.6 212

—
1

|— _© —
o 40 80 

M i l l ,
120 160 

! I I 1 j 1 1 1 1
2001 

i, *
£= l 1 I I

-4 0  -2 0
1 —f  ‘T  

20
r  i r r  
40 SO 80

r i
100

cm OQ 0 37 oc



\

ACKNOWLEDGEMENTS

Many persons cooperated in th is  e ffo r t. N. Thomas Tsai and la te r 
Donald E. Gray of the Federal Railroad Administration served as Technical 
Directors and provided overall d irection and support fo r the program; and 
the technical s ta ff  of Wyle Laboratories designed the program and performed 
most of the measurements. In addition, the suppliers of the trucks pro­
vided th e ir time and support throughout the e ffo r t.

The work could not have been completed without the excellent cooperation 
of the Union Pacific Railroad in providing fa c i l i t ie s  in th e ir  Las Vegas 
Yard fo r storing instruments and fo r taking the periodic measurements. In 
pa rticu la r, Frank Bruner, Assistant Chief Mechanical O fficer, who provided 
continued support and advice throughout the pro ject; and Donald Joy of 
the Las Vegas Yard, without whose cooperation and, at times, patience the 
program could not have functioned.

v



EXECUTIVE SUMMARY

The Truck Design Optimization Project (TDOP) involves a series of 
studies designed to characterize the performance of various designs of 
fre ig h t car trucks. These trucks are generally characterized as type I 
and type I I  trucks. Type I trucks are premium trucks in common use in 
industry. Type I I  trucks are premium trucks which incorporate design 
features such as steering in curves.

One of these studies, the wear data program, was designed to 
establish the wear performance of several test trucks in un it coal tra in  
service. A ll but one of the test trucks were put in to service in April of 
197 9  and have been in service since then except when they have been 
removed fo r dynamic testing or fo r wear measurements. The program was 
started by Wyle Laboratories. Dynamic Science, Inc. assumed control of 
the program in November of 1 9 8 1 , when the wear data program was the only 
remaining program, with the goal of allowing at least 2 truck types to 
travel 2 5 0 , 0 0 0  miles. The test trucks and th e ir mileages as of January 8 , 
1983  are shown below.

Truck Mileage as of Jan
National Swing Motion 2 5 6 , 1 0 2
Barber S-2 -C 3 2 6 , 0 1 8
Dresser DR1 1 7 2 ,5 2 9
Barber S-2 -HD with C-PEP 2 7 3 , 5 7 1
ASF Ride Control 1 7 8 ,7 4 7
Barber-Scheffel 2 3 4 , 2 1 6  '
M.T.S. Maxi ride 4 9 , 8 5 7

At in tervals of approximately 7 5 , 0 0 0  to 1 0 0 , 0 0 0  miles, the trucks 
were disassembled and over 4 0 0  individual measurements were taken on each 
truck. Dynamic Science transferred these measurements to a computer data 
base fo r a cce ss ib ility  and analysis. In addition, except fo r brake pad 
replacements, records were kept on any maintenance or parts fa ilu res 
which occurred during the l i f e  of the trucks. These maintenance records 
are given in Section I I .

The measurements, which were intended to cover probable locations of 
truck wear, were successful to varying degrees. In some cases, no wear 
occurred and in other cases the measurements suffered from inaccuracies 
due to d if f ic u lt ie s  in providing stable reference points. This report 
discusses these measurements and gives an evaluation of them in lig h t  of 
the experience in th is  test. Recommendations are also given on 
measurements to be continued in any additional e ffo rts ; and on ways to 
sim plify the data storage and re trieva l by averaging appropriate raw 
measurements.

The data base was discontinued in February, 1 9 8 3 , and the data was 
transferred to both hard copy prin tout and magnetic tape. A discussion 
of the format of th is  data is also provided.

v i
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The Truck Design Optimization Project (TDOP) involves a series of 
studies designed to characterize the performance of various designs of 
fre ig h t car trucks. These trucks are generally characterized as type I and 
type I I  trucks. Type I trucks are the standard 3 piece trucks in common 
use in the industry. Type I I  trucks are premium trucks which incorporate 
design features such as steering in curves.

This project was conducted by Wyle Laboratories under contract to the 
Federal Railroad Administration between 1978 and 1981 and included f ie ld  
testing along with computer modeling, economic analysis, and engineering 
analysis. One of the f ie ld  testing studies in the project was the wear 
data program which was designed to establish the wear performance of 
several te s t trucks in un it coal tra in  service. When the dynamic 
measurements portion of the program was completed in 1 9 8 1 , Dynamic Science 
assumed respons ib ility  fo r the wear data collection program from Wyle.
This report discusses the measurements taken during the program and the 
data collected. Recommendations are also made on ways to reduce the number 
of measurements in any future program.

The measurements were designed by Wyle Laboratories and most of the 
measurements were taken by Wyle personnel. Since assuming the program in 
1 9 8 1 , Dynamic Science Inc. (DSI) has taken periodic measurements to 
continue the program. Several trucks in the program have now reached
2 5 0 , 0 0 0  miles of service.

The measurements and measurement procedures have been discussed in 
de ta il by Wyle and are documented in two reports ( 1 ) which are available 
through the National Technical Information Service (NTIS). This report 
w il l not duplicate these discussions but w ill refer to them. Seven truck 
designs were under te s t. These were the National Castings Swing Motion 
Truck, Barber S- 2  Truck, Dresser DR-1  Truck, Barber S- 2  Heavy Duty Truck 
with Center Plate Extension Pad, ASF Ride Control Truck,Barber-Scheffel 
Truck, and the MTS Maxiride Truck. Two trucks of each design were 
insta lled on 1 0 0 - ton coal cars in un it tra in  service on the Union Pacific 
Railroad between C alifornia and Utah. During th is  t r ip  they also traveled 
on track owned by the Santa Fe Railroad and the Denver and Rio Grande 
Railroad. The trucks were periodica lly disassembled in Las Vegas, Nevada 
with the help of the Union Pacific Railroad and a series of wear measure­
ments taken. Resulting data were transferred to a data base fo r reference 
and data analysis.

Section I I  of th is  report discusses the test truck mileages and 
maintenance h is to ries ; Section I I I  l is ts  the measurements taken; Section 
IV discusses the data collection procedures and the formats in which the 
data are presently available; and Section V discusses the measurements in 
more de ta il including an evaluation of each measurement and recommen­
dations fo r reducing both the number of measurements and the number of 
data points to be stored in a data f i le  fo r wear analysis.

1 . Truck Design Optimization Project (TDOP) Phase I I ,  Wear Data Collection 
Program Reports; FRA/0 RD-8 1 / 3 7 -I(Vol I ,  PB 8 2 - 1 6 8 1 9 6 ) and FRA/0 RD-8 1 / 3 7 - I I  
(Vol I I ,  PB 8 2 - 1 6 8 2 0 4 ).

Section I - INTRODUCTION AND BACKGROUND

1



Section I I  - CAR HISTORIES

With the exception of the MTS Maxiride truck, a ll of the 
trucks were f i r s t  put into service in April of 1979 and have been 
in service since then except when they were removed fo r dynamic 
testing. The Maxiride truck was put into service in A pril of 
1 9 8 1 . The car mileages accumulated as of January 8 , 1983 are 
lis ted  below.

Car

National Swing Motion 
Barber S-2 -C 
Dresser DR1
Barber S-2 -HD with C-PEP 
ASF Ride Control 
Barber-Scheffel 
M.T.S. Maxiride

Mileage as of 8 -Jan- 8 3

2 5 6 , 1 0 2  
3 2 6 , 0 1 8  
1 7 2 ,5 2 9  

■ 2 7 3 ,5 7 1  
1 7 8 ,7 4 7  
2 3 4 ,2 1 6  

4 9 , 8 5 7

The maintenance history of these trucks is given in the 
following pages. The cars are referred to by number. The car 
numbers are:

1 National Swing Motion (NSM)
2 Barber S-2 -C (S2 C)
3 Dresser DR1 (DR1 )
4 Barber S-2 -HD with C-PEP (S2 HD)
5 ASF Ride Control (ASF)
6 Barber-Scheffel (BS)
7 *
8 M.T.S. Maxiride

* Car number 7 was o rig in a lly  equipped with an additional set of 
test trucks; however, i t  was removed from the tes t program prio r 
to the time that DSI took over the measurements.



Truck- Number 1 - National Swing Motion

Mileage Component Location Maintenance Action and Reason

1 7 7 ,0 0 0 Wheel set 
FN0 0 0 0

1 , 3 Replaced fo r shelling

1 8 7 ,6 3 1 Rocker
Bearing
FJ4 0 0 0

AL3 ,AR3
AL4 ,AR4
BL1 .BR2

Replaced due to cracked welds

1 8 7 ,6 3 1 Center 
Plate Wear 
Liner 
EJ0 0 0 0

B Liner jammed under wear ring so that 
i t  could not be moved

Truck Number 2 - Barber S-2 -C

Mileage : Component : Location : Maintenance Action and Reason

1 1 ,0 0 0 Wheel set 
FN0 0 0 0

1 ,2 ,3 , 4 Replaced - The reason was not 
recorded

2 5 , 0 0 0 Friction
Casting
EN0 0 0 0

AR3 Replaced - The reason was not 
recorded

1 1 7 ,0 0 0 Wheel set 
FNOOOO

2 ,3 , 4 Replaced - The reason was not 
recorded

1 5 9 ,0 0 0 Wheel set 
FNOOOO

1 Replaced - The reason was not . 
recorded

1 5 9 ,0 0 0 Friction
Casting
EN0 0 0 0

AL4 Replaced due to wear

2 2 0 , 0 0 0 Wheel set 
FNOOOO

2 Replaced due to shelling of wheel 
R2

3



Truck Number 3 - Dresser DR1

Mileage : Component : Location : Maintenance Action and Reason

2 2 , 0 0 0 Steering
Arm
ZC1000

A00
BOO

Replaced - reason was not recorded

1 4 7 ,8 3 6 Wheel set 
FN0 0 0 0

1 Replaced due to chip out of wheel 
• L1 , shelling on R1

1 4 7 ,8 3 6 Wheel set 
FN000 0

3 Replaced fo r shelling and f la t  spot, 
not yet condemnable

1 4 7 ,8 3 6 Steering 
Arm Bushing 
ZC1000

A,B Sleeve separating due to improper 
vulcanizaton during manufacture

1 4 7 ,8 3 6 Steering
Arm
Clearance
Hole

R2 Crack at hole - weld repaired

1 4 7 ,8 3 6 Side Wear 
Plate 
Mounting 
Bolts

B Bolts on side wear plate were loose 
causing side frame wear

Truck Number 4 - Barber S-2 -HD with C-PEP

Mileage Component Location :

1 1 9 ,2 0 0 Wheel set 1 :
FN0 0 0 0

2 0 3 , 3 2 9 Wheel set 3 :
FN0 0 0 0

Maintenance Action and Reason 

Replaced - reason was not recorded

Replaced fo r shelling - not yet 
condemnable

4



Truck Number 5 -  ASF R ide  C o n tr o l

There  was no m aintenance  r e c o r d e d  f o r  t r u c k  number 5 .

Truck Number 6 -  B a r b e r - S c h e f f e l

M i le a g e Component L o c a t i o n Maintenance A c t i o n  and Reason

15 ,000 W h e e lse t
FN0000

1 , 2 , 3 , 4 Replaced  -  reason  was n o t  r e c o r d e d

125 ,0 97 Cross  S t r u t Number 1 Broken weld  on one end

126 ,0 97 C ross  S t r u t
Lock
Washers

L2,L3 Washers Broken

168 ,9 87 Shear Pad 
Housing

A l l Replaced  f o r  c r a c k s

168 ,987 Shear  Pads 
ZC3000

A l l Replaced  due t o  wear

168,987 Cross  S t r u t A l l R ep laced  a l o n g  with  s h e a r  pad 
h ou s in g s

2 3 1 ,8 9 5 Shear Pad 
Housings

A l l Housings c r a c k e d  a t  l a t e r a l  
S t r u t  attachmen t

Truck Number 8 -  M .T .S . M a x ir id e

M i le a g e Component L o c a t i o n Maintenance A c t i o n  and Reason

9 ,7 5 4 P i s t o n  
Wear P l a t e  

EN4000

BL2 P l a t e  broken  a t  w e lds  between p i s t o n  
and p l a t e

29 ,851 S i d e  B ear ing  
Spr in gs

AL3,AL4 
BL1

S p r in g s  broken

4 0 ,0 0 0 S i d e  Bear ing  
Spr in g

n . a . Sp r in g  broken

5



S e c t i o n  I I I  -  MEASUREMENTS TAKEN

At each measurement c y c l e ,  o v e r  400 i n d i v i d u a l  measurements were 
tak en  on each t r u c k .  S i n c e  t h e  t r u c k  d e s i g n s  v a r i e d ,  t h e  number o f  
measurements would a l s o  v a r y .  An a ttem pt was made t o  t a k e  wear 
measurements on e v e r y  p a r t  which was e x p e c t e d  t o  wear d u r in g  t h e  l i f e  o f  
t h e  t e s t  so  t h a t  a f u l l  p i c t u r e  o f  t h e  wear p a t t e r n s  c o u l d  be d e v e l o p e d .  
The d a t a i n c l u d e d  measurements on a l l  o f  t h e  wear p l a t e s ,  w h e e l s ,  f r i c t i o n  
c a s t i n g s ,  e t c . .  The measurements met with  v a r y i n g  d e g r e e s  o f  s u c c e s s .
For i n s t a n c e ,  i t  was q u i c k l y  ap p a r e n t  t h a t  some measurements such as 
s p r i n g  h e i g h t s ,  b rak e  sh oe  t h i c k n e s s  and w e ig h ts  c o u l d  n o t  be taken  o r  
m o n i t o r e d  p r a c t i c a l l y  in t h i s  program and were t h e r e f o r e  d r o p p e d .  In 
o t h e r  c a s e s  t h e  measurement worked but t h e  t r u c k  e x h i b i t e d  v e r y  l i t t l e  
w ear .  An e v a l u a t i o n  o f  t h e  measurements i s  g iv e n  in S e c t i o n  V. The 
f o l l o w i n g  pages  c o n t a i n  a f u l l  l i s t  o f  t h e s e  measurements ,  l i s t e d  a l p h a ­
b e t i c a l l y  by t h e i r  measurement numbers.  In a d d i t i o n ,  t h e  s e c t i o n s  in t h e  
Wyle r e p o r t s  which d i s c u s s  t h e s e  measurements a r e  r e f e r e n c e d  and t h e  
a p p l i c a b l e  t r u c k s  a r e  l i s t e d .

A t y p i c a l  example o f  a measurement l i s t i n g  f o l l o w s .

1. EN0000 2 .  4A-6C 3 .  F r i c t i o n  c a s t i n g  s l o p i n g  f a c e  r e l a t i v e  h e i g h t
4 .  Report  S e c t i o n s  -  3 . 4 . 8
5 .  Report  F ig u r e s  -  2 . 1 , 2 . 2 , 3 . 9 - 1 2
6 .  A p p l i c a b l e  Trucks -  NSM BS S2C S2HD DR1

Item 1 i s  t h e  m a jo r  p a r t  number.

Item 2 i s  t h e  range  o f  s p e c i f i c  2 d i g i t  i d e n t i f i e r s  which i d e n t i f y  
s p e c i f i c  measurements on t h a t  s e r i e s  o f  measurements.  In t h i s  c a s e ,  4A, 
4B, 4C, 5A, 5B, 5C, 6A, 6B, 6C a l l  o f  which ar e  taken  a t  d i f f e r e n t  
l o c a t i o n s  on t h e  s l o p i n g  f a c e  o f  t h e  f r i c t i o n  c a s t i n g .

Item 3 i s  t h e  name g i v e n  t o  t h e  s e r i e s  o f  measurement p o i n t s .

Item 4 i s  t h e  number o f  t h e  s e c t i o n  o r  s e c t i o n s  in t h e  r e f e r e n c e
r e p o r t  which d i s c u s s e s  t h i s  s e t  o f  measurements.  The s e c t i o n s  a r e  in 
Appen dix  B o f  Volume I o f . t h e  r e p o r t .  In t h e  c a s e  o f  M a x i r i d e  mea­
su rem en ts ,  t h e  r e f e r e n c e s ,  p r e c e d e d  by an A. ( i . e .  A - 3 . 3 ) ,  a r e  in Appendix  
A o f  Appendix  B.

Item 5 i s  t h e  number o f  t h e  f i g u r e  o r  f i g u r e s ,  i f  any,  in t h e  r e f e r ­
e n c e  r e p o r t  which i l l u s t r a t e  t h e  s e t  o f  measurements.  The f i g u r e s  are
a l s o  in Appendix B o f  volume I o f  t h e  r e p o r t .

Item 6 i s  a l i s t  o f  t h e  a b r e v i a t i o n s  f o r  t h e  t r u c k s  on which t h i s  
measurement s e t  i s  t a k e n .
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TDOP Wear Measurements L i s t

BE0000 1A-4C Brake sh oe  t h i c k n e s s  
R epor t  S e c t i o n s  -  2 . 4 . 3
Report  F ig u r e s  -  2 . 6
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1 MTS

BE0000 1W Brake sh o e  w e igh t
R eport  S e c t i o n s  -  2 . 4 . 3  
Report  F ig u r e s  -  2 . 6
A p p l i c a b l e  Trucks -  NSM BS MTS S2C S2HD ASF DR1

EJ0000 1T-8T B o l s t e r  c e n t e r  p l a t e  wear r i n g  t h i c k n e s s  
R eport  S e c t i o n s  -  3 . 3 . 1
R eport  F ig u r e s  -  2 . 1 3 ,  2 . 1 4  
A p p l i c a b l e  Trucks -  NSM BS S2C S2HD ASF DR1

EJ0000 1A-4F B o l s t e r  c e n t e r  p l a t e  h o r i z o n t a l  wear l i n e r  t h i c k n e s s  
Report  S e c t i o n s  -  3 . 3 . 1
Report  F ig u r e s  -  2 . 1 3 ,  2 . 1 4  
A p p l i c a b l e  Trucks  -  NSM S2C ASF

EN0000 1A-3C F r i c t i o n  c a s t i n g  v e r t i c a l  f a c e  r e l a t i v e  h e i g h t  
R eport  S e c t i o n s  -  3 . 4 . 8
Report  F ig u r e s  -  2 . 1 , 2 . 2 , 3 . 9 - 1 2
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD DR1

EN0000 4A-6C F r i c t i o n  c a s t i n g  s l o p i n g  f a c e  r e l a t i v e  h e i g h t  
R epor t  S e c t i o n s  -  3 . 4 . 8
R eport  F ig u r e s  -  2 . 1 , 2 . 2 , 3 . 9 - 1 2  
A p p l i c a b l e  Trucks -  NSM BS S2C S2HD DR1

EN0000 1W F r i c t i o n  c a s t i n g  w e igh t
R eport  S e c t i o n s  -  3 . 4 . 8
R eport  F ig u r e s  -
A p p l i c a b l e  Trucks -  NSM BS S2C S2HD DR1

EN1000 1A-3C F r i c t i o n . c a s t i n g  v e r t i c a l  f a c e  r e l a t i v e  t h i c k n e s s  
Report  S e c t i o n s  -  3 . 4 . 8 . 3
R eport  F ig u r e s  -  3 . 1 3
A p p l i c a b l e  Trucks  -  ASF
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EN1000 4A-6B F r i c t i o n  c a s t i n g  s l o p i n g  f a c e  t h i c k n e s s  
Repor t  S e c t i o n s  -  3 . 4 . 8 . 3
Report  F ig u r e s  -  3 . 1 3
A p p l i c a b l e  Trucks  -  ASF

EN1000 1W F r i c t i o n  c a s t i n g  w e igh t
Report  S e c t i o n s  -  3 . 4 . 8 . 3
Repor t  F ig u r e s  -  
A p p l i c a b l e  Trucks -  ASF

EN4000 1T-5T F r i c t i o n  snubber  p i s t o n  f a c e  t h i c k n e s s  
Report  S e c t i o n s  -  A - 3 . 6  
Repor t  F ig u r e s  -  A - 15, A - 16 
A p p l i c a b l e  Trucks -  MTS

EN4000 1L F r i c t i o n  snubber  p i s t o n  length
Repor t  S e c t i o n s  -  A - 3 . 6  
Repor t  F ig u r e s  -  A - 15, A - 16 
A p p l i c a b l e  Trucks  -  MTS

EN4000 1D F r i c t i o n  snubber  p i s t o n  s h a f t  minimum d ia m e t e r
Report  S e c t i o n s  -  A - 3 . 6  
Report  F ig u r e s  -  A - 15, A - 16 
A p p l i c a b l e  Trucks -  MTS

EY0000 1A-3B B ear in g  a d a p t e r  crown r e l a t i v e  h e i g h t  
Repor t  S e c t i o n s  -  3 . 4 . 7
Report  F ig u r e s  -  2 . 5 ,  3 . 8
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1

EY0000 4A-5B B ear in g  a d a p t e r  lug l a t e r a l  f a c e  r e l a t i v e  t h i c k n e s s  
Repor t  S e c t i o n s  -  3 . 4 . 7  
Repor t  F ig u r e s  -  2 . 5 ,  3 . 8  
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1

EY0000 6A-6B B ear in g  a d a p t e r  l o n g i t u d i n a l  s t o p  r e l a t i v e  t h i c k n e s s  
Repor t  S e c t i o n s  -  3 . 4 . 7
Report  F igu r e s  -  2 . 5 , 3 . 8
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1
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EY00Q0 1W B e a r in g  a d a p t e r  w e ight
Report  S e c t i o n s  -  3 . 4 . 7
Report  F i g u r e s  -
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1

EY2000 1A-3C B e ar in g  a da pte r  
R eport  S e c t i o n s  -  A - 3 . 2  
R eport  F i g u r e s  -  A - 10 
A p p l i c a b l e  Trucks  -  MTS

EY2000 1D-3F B e ar in g  a da pte r  
Report  S e c t i o n s  -  A - 3 . 2  
Report  F ig u r e s  -  A - 10 
A p p l i c a b l e  Trucks  -  MTS

EY3000 10-31 B e a r in g  a d a p te r  
Report  S e c t i o n s  -  A - 3 . 2  
Report  F i g u r e s  -  A - 10 
A p p l i c a b l e  Trucks  -  MTS

EY3000 40-61  In board  b e a r in g  
Report  S e c t i o n s  -  A - 3 . 2  
Report  F i g u r e s  -  A - 10 
A p p l i c a b l e  Trucks  -  MTS

EY3000 1S-3S B e ar in g  a da pte r  
Report  S e c t i o n s  -  A - 3 . 2 .  
Report  F ig u r e s  -  A - 10 
A p p l i c a b l e  Trucks -  MTS

EY3000 4S-6S B e ar in g  a d a p te r  
Report  S e c t i o n s  -  A - 3 . 2  
Report  F ig u r e s  -  A - 10 
A p p l i c a b l e  Trucks  -  MTS

o u t e r  main wear p l a t e  t h i c k n e s s

in n e r  main wear p l a t e  t h i c k n e s s

o u tbo ard  s i d e  p l a t e  t h i c k n e s s

ada pte r  s i d e  p l a t e  t h i c k n e s s

ou tb o a r d  s i d e  p l a t e  s p a c in g

inboard  s i d e  p l a t e  s p a c in g

FA0000 1T S i d e  b e a r i n g  cag e  base  t h i c k n e s s
Report  S e c t i o n s  -  2 . 4 . 9
Repor t  F ig u r e s  -  2 . 3
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1
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FBOOOO 1D S i d e  b e a r i n g  r o l l e r  minimum d ia m e t e r
Report  S e c t i o n s  -  2 . 4 . 9  
Report  F i g u r e s  -  2 . 3
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1

FD0000 1T Transom s t o p  t h i c k n e s s
Report  S e c t i o n s  -  3 . 3 . 4 . 1  
Report  F i g u r e s  -  3 . 3  
A p p l i c a b l e  Trucks  -  NSM

FF0000 1T-3T B o l s t e r  inboard  g i b  t h i c k n e s s  
Report  S e c t i o n s  -  3 . 3 . 4
Report  F i g u r e s  -  2 . 1 2  
A p p l i c a b l e  Trucks  -  BS S2C S2HD ASF DR1

FF0000 4T-6T B o l s t e r  o u t b o a r d - g i b  t h i c k n e s s  
Report  S e c t i o n s  -  3 . 3 . 4
Report  F i g u r e s  -  2 . 1 2  
A p p l i c a b l e  Trucks  -  BS S2C S2HD ASF DR1

FF0000 1W-3W B o l s t e r  column width 
Report  S e c t i o n s  -  3 . 3 . 4
Report  F i g u r e s  -  2 . 1 2
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1

FF3000 1S-2S B o l s t e r  o u tbo ard  column s p a c in g  
Report  S e c t i o n s  -  3 . 3 . 3
Report  F i g u r e s  -  3 .1
A p p l i c a b l e  Trucks -  NSM BS S2C S2HD ASF DR1

FF3000 3S-4S B o l s t e r  in board  column s p a c in g  
Report  S e c t i o n s  -  3 . 3 . 3
Report  F i g u r e s  -  3 .1
A p p l i c a b l e  Trucks -  NSM BS S2C S2HD ASF DR1

FF3000 5S-6S B o l s t e r  inboard  g i b  s p a c in g  
Report  S e c t i o n s  -  3 . 3 . 3  
Report  F i g u r e s  -  3 .1
A p p l i c a b l e  Trucks -  BS S2C S2HD ASF DR1
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FF4000 1T B o l s t e r  s t o p  t h i c k n e s s
R eport  S e c t i o n s  -  3 . 3 . 4 . 1  
Report  F i g u r e s  -  3 . 3  
A p p l i c a b l e  Trucks -  NSM

FG0000 1D B o l s t e r  c e n t e r  p l a t e  l o n g i t u d i n a l  d ia m e te r
R eport  S e c t i o n s  -  2 . 4 . 8 ,  3 . 3 . 1  
R eport  F i g u r e s  -  2 . 1 3
A p p l i c a b l e  Trucks  -  BS NSM S2C S2HD ASF DR1

FG0000 2D B o l s t e r  c e n t e r  p l a t e  l a t e r a l  d iam e te r
Report  S e c t i o n s  -  2 . 4 . 8 ,  3 . 3 . 1  
Report  F i g u r e s  -  2 . 1 3
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1

FG1000 1A-4F B o l s t e r  c e n t e r  p l a t e  h o r i z o n t a l  s u r f a c e  r e l a t i v e  h e i g h t  
Repor t  S e c t i o n s  -  2 . 4 . 8 ,  3 . 3 . 1
Report  F i g u r e s  -
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF

FJ0000 10-11 S i d e  frame o u t e r  lug r e l a t i v e  t h i c k n e s s  
Report  S e c t i o n s  -  3 . 4 . 1
Report  F i g u r e s  -  3 . 5
A p p l i c a b l e  Trucks -  NSM BS S2C S2HD ASF DR1

FJ0000 20 -21  S i d e  frame in n e r  lug r e l a t i v e  t h i c k n e s s  
R eport  S e c t i o n s  -  3 . 4 . 1  
Report  F i g u r e s  -  3 . 5
A p p l i c a b l e  Trucks -  NSM BS S2C S2HD ASF DR1

FJ0000 1A-3B S i d e  frame p e d e s t a l  r o o f  r e l a t i v e  h e i g h t  
R eport  S e c t i o n s  -  3 . 4 . 1  
Report  F i g u r e s  -  3 . 5
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1

FJ0000 1T-3T S i d e  frame a n t i r o t a t i o n  lug t h i c k n e s s  
Report  S e c t i o n s  -  3 . 4 . 2  
Report  F i g u r e s  -  2 .1 0
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1
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FJOO'OO 1W-3W s i d e  fram e column width  
Report  S e c t i o n s  -  3 . 4 . 2  
Report  F i g u r e s  -
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1

FJ1000 4T S i d e  fram e o u t e r  lug  l a t e r a l  width
R epor t  S e c t i o n s  -  3 . 4 . 3  
R epor t  F i g u r e s  -  3 . 5
A p p l i c a b l e  Trucks -  NSM BS S2C S2HD ASF DR1

FJ1000 5T S i d e  frame in n e r  lug  l a t e r a l  width
R epor t  S e c t i o n s  -  3 . 4 . 3  
R epor t  F i g u r e s  -  3 . 5
A p p l i c a b l e  Trucks -  NSM BS ASF S2C S2HD DR1

FJ1000 1S S i d e  frame jaw s p a c in g
Report  S e c t i o n s  -  3 . 4 . 3  
R epor t  F i g u r e s  -  3 . 5
A p p l i c a b l e  Trucks -  NSM BS S2C S2HD ASF DR1

FJ2000 1S-3S S i d e  frame a n t i r o t a t i o n  lug s p a c in g  
Report  S e c t i o n s  -  3 . 4 . 2  
Report  F i g u r e s  -  3 . 6
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD ASF DR1

FJ3000 1S-3S S i d e  frame ou tbo ard  column s p a c in g  
Report  S e c t i o n s  -  
Report  F i g u r e s  -
A p p l i c a b l e  Trucks -  NSM BS S2C S2HD ASF DR1

FJ3000 4S-6S S i d e  fram e inboard  column s p a c in g  
R epor t  S e c t i o n s  -  
R epor t  F i g u r e s  -
A p p l i c a b l e  Trucks -  NSM BS S2C S2HD ASF DR1

FJ4000 10-11 S i d e  frame o u t e r  lug  r e l a t i v e  t h i c k n e s s  
R eport  S e c t i o n s  -  3 . 4 . 3
R epor t  F i g u r e s  -  3 . 5  
A p p l i c a b l e  Trucks -  NSM
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FJ4000 20 -21  S i d e  frame in n e r  lug r e l a t i v e  t h i c k n e s s  
R e po r t  S e c t i o n s  -  3 . 4 . 3  
R e po r t  F i g u r e s  -  3 . 5  
A p p l i c a b l e  Trucks -  NSM

FJ4000 2A-2B S i d e  frame p e d e s t a l  r o o f  r e l a t i v e  h e i g h t  
R epor t  S e c t i o n s  -  3 . 4 . 3  
R epor t  F i g u r e s  -  3 . 5  '
A p p l i c a b l e  Trucks -  NSM

FJ4000 4T S i d e  frame o u t e r  lug  l a t e r a l  width
R epor t  S e c t i o n s  -  3 . 4 . 3  
R e p o r t  F i g u r e s  -  3 . 5  
A p p l i c a b l e  Trucks -  NSM

FJ4000 5T . S i d e  frame in n e r  lug  l a t e r a l  width 
R epor t  S e c t i o n s  -  3 . 4 . 3  
R epor t  F i g u r e s  -  3 . 5  
A p p l i c a b l e  Trucks -  NSM

FJ4000 1L S i d e  frame lug t o  lug s p a c in g
R epor t  S e c t i o n s  -  3 . 4 . 3  
R epor t  F i g u r e s  -  3 . 5  
A p p l i c a b l e  Trucks  -  NSM

FJ4000 1S S i d e  frame jaw s p a c in g  at  b e a r i n g  c e n t e r
R e p o r t  S e c t i o n s  -  3 . 4 . 3  
R epor t  F i g u r e s  -  3 . 5  
A p p l i c a b l e  Trucks -  NSM

FJ5000 1W-3W P e d e s t a l  o u t e r  jaw width  
R epor t  S e c t i o n s  -  A - 3 . 3  
R e p o r t  F i g u r e s  -  A - 14 
A p p l i c a b l e  Trucks -  MTS

FJ5000 4W-6W P e d e s t a l  in n e r  jaw width  
R epor t  S e c t i o n s  -  A - 3 . 3  
R e p o r t  F i g u r e s  -  A - 14 
A p p l i c a b l e  Trucks  -  MTS
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FJ5000 20 Outboard  l i n k  p in  minimum d iam eter
R epor t  S e c t i o n s  -  A - 3 . 3  
R e p o r t  F ig u r e s  -  A - 14 
A p p l i c a b l e  Trucks  -  MTS

FJ5000 21 Inboard  l i n k  p in  minimum d iam eter
R epor t  S e c t i o n s  -  A - 3 . 3  
R epor t  F i g u r e s  -  A - 14 
A p p l i c a b l e  Trucks -  MTS

FK0000 1A-3C S i d e  frame wear p l a t e  t h i c k n e s s  
R epor t  S e c t i o n s  -  3 . 4 . 4  
R epor t  F ig u r e s  -  3 . 6
A p p l i c a b l e  Trucks  -  NSM ASF BS S2C S2HD DR1

FK1000 1A-3C S i d e  wear p l a t e  t h i c k n e s s  
Report  S e c t i o n s  -  3 . 4 . 4  
R e p o r t  F ig u r e s  -  3 . 6  
A p p l i c a b l e  Trucks  -  NSM

FK1000 10 -30  Outboard  s i d e  wear p l a t e  t h i c k n e s s  
R epor t  S e c t i o n s  -  3 . 4 . 4  
R epor t  F i g u r e s  -  3 . 6  
A p p l i c a b l e  Trucks -  NSM

FK1000 11-31 Inboard  s i d e  wear p l a t e  t h i c k n e s s  
R epor t  S e c t i o n s  -  3 . 4 . 4  
Report  F i g u r e s  -  3 . 6  
A p p l i c a b l e  Trucks  -  NSM

FK2000 1A-3C P e d e s t a l  jaw o u t e r  wear p l a t e  t h i c k n e s s  
R epor t  S e c t i o n s  -  A - 3 . 3  
R epor t  F i g u r e s  -  A - 14, A - 11 
A p p l i c a b l e  Trucks -  MTS

FK2000- 10-31 P e d e s t a l  jaw o u t b o a r d  s i d e  p l a t e  t h i c k n e s s  
R epor t  S e c t i o n s  -  A - 3 . 3  
R epor t  F ig u r e s  -  A -11 ,  A - 14 
A p p l i c a b l e  Trucks  -  MTS
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FK2000 40-61  P e d e s t a l  jaw in b o a r d  s i d e  wear p l a t e  
Report  S e c t i o n s  -  A - 3 . 3  
Report  F ig u r e s  -  A - 11, A - 14 
A p p l i c a b l e  Trucks -  MTS

FN0000 1T-2T Wheel r im t h i c k n e s s  
Report  S e c t i o n s  -  3 . 4 . 9  
Report  F ig u r e s  -  3 . 1 4
A p p l i c a b l e  Trucks -  NSM.BS MTS S2C S2HD ASF DR1

FN0000 1H-2H Wheel f l a n g e  h e i g h t  
Report  S e c t i o n s  -  3 . 4 . 9  
Report  F ig u r e s  -  3 . 1 4
A p p l i c a b l e  Trucks -  NSM BS MTS S2C S2HD ASF DR1

FN0000 1W-2W Wheel f l a n g e  width  
R eport  S e c t i o n s  -  3 . 4 . 9  
R eport  F i g u r e s  -  3 . 1 4
A p p l i c a b l e  Trucks -  NSM BS MTS .S2C S2HD ASF DR1

FN0000 1C Wheel c i r c u m f e r e n c e
Report  S e c t i o n s  -  3 . 4 . 9  

■Report F ig u r e s  -  3 . 1 4
A p p l i c a b l e  Trucks -  NSM BS MTS S2C S2HD ASF DR1

FN0000 1Z-2Z Wheel t r e a d  t h i c k n e s s  
Report  S e c t i o n s  -  3 . 4 . 9  
Report  F ig u r e s  -  3 . 1 4
A p p l i c a b l e  Trucks -  NSM BS MTS S2C S2HD ASF DR1

FN1000 16-2G Wheel o u t s i d e  t o  o u t s i d e  d i s t a n c e  
Report  S e c t i o n s  -  
R eport  F i g u r e s  -
A p p l i c a b l e  Trucks  -  NSM BS MTS S2C S2HD ASF DR1

FV1000 1D-1K Body c e n t e r  p l a t e
R eport  S e c t i o n s  -  2 . 6 . 3 ,  3 . 4 . 1 0  
R eport  F ig u r e s  -  2 . 1 7
A p p l i c a b l e  Trucks  -  NSM BS MTS S2C S2HD ASF DR1
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FW0000 1T Body s i d e  b e a r i n g  t h i c k n e s s
Report  S e c t i o n s  -  3 . 4 . 1 0  
R eport  F ig u r e s  -  3 . 1 5
A p p l i c a b l e  Trucks  -  NSM BS S2C S2HD MTS ASF DR1

FZ0000 1F C-PEP f r e e  h e i g h t
R eport  S e c t i o n s  -  3 . 3 . 4 . 3  
R eport  F i g u r e s  -  3 . 4  
A p p l i c a b l e  Trucks -  S2HD

FZ0000 1C C-PEP c o m pressed  h e i g h t
R eport  S e c t i o n s  -  3 . 3 . 4 . 3  
R epor t  F ig u r e s  -  3 . 4  
A p p l i c a b l e  Trucks  -  S2HD

XXXXXX Wheel p r o f i l e
R e po r t  S e c t i o n s  -  
R eport  F i g u r e s  -
A p p l i c a b l e  Trucks^ -  MTS NSM BS S2C S2HD ASF DR1

ZC0000 1T R ock er  s e a t  t r u n i o n  t h i c k n e s s
R e po r t  S e c t i o n s  -  3 . 3 . 4 . 1  
R eport  F i g u r e s  -  3 . 2  
A p p l i c a b l e  Trucks  -  NSM

ZCOOOO 1B B e a r i n g  t h i c k n e s s
Report  S e c t i o n s  -  3 . 3 . 4 . 1  
R epor t  F i g u r e s  -  3 . 2  
A p p l i c a b l e  Trucks -  NSM

ZC1000 1H S t e e r i n g  arm s h a f t  h o r i z o n t a l  d ia m e t e r
Report  S e c t i o n s  -  3 . 3 . 4 . 2  
R eport  F ig u r e s  -  
A p p l i c a b l e  Trucks -  DR1

ZC1000 1V-2V S t e e r i n g  arm s h a f t  v e r t i c a l  d ia m e te r  
R eport  S e c t i o n s  -  3 . 3 . 4 . 2
R epor t  F ig u r e s  -  
A p p l i c a b l e  Trucks -  DR1
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ZC1000 1H S t e e r i n g  arm bush ing  h o r i z o n t a l  d ia m e t e r
Report  S e c t i o n s  -  3 . 3 . 4 . 2
R eport  F i g u r e s  -  
A p p l i c a b l e  Tru cks  -  DR1

ZC1000 1V S t e e r i n g  arm bush ing  v e r t i c a l  d ia m e te r
R eport  S e c t i o n s  -  3 . 3 . 4 . 2
Report  F i g u r e s  -  
A p p l i c a b l e  Trucks  -  DR1

ZC2000 1B R i g h t  e l a s t o m e r i c  pad f r e e  h e i g h t
Report  S e c t i o n s  -  3 . 3 . 4 . 2
R eport  F i g u r e s  -  
A p p l i c a b l e  Trucks  -  DR1

ZC2000 1A L e f t  e l a s t o m e r i c  pad f r e e  h e i g h t
Report  S e c t i o n s  -  3 . 3 . 4 . 2
Report  F ig u r e s  -  
A p p l i c a b l e  Trucks  -  DR1

ZC3000 1A O u te r  e l a s t o m e r i c  shear  pad h e i g h t  -  a x l e  s i d e
R eport  S e c t i o n s  -  3 . 3 . 4 . 4
Report  F i g u r e s  -  
A p p l i c a b l e  Trucks  -  BS

ZC3000 1S O uter  e l a s t o m e r i c  shear  pad h e i g h t  s t r a p  s i d e
Report  S e c t i o n s  -  3 . 3 . 4 . 4
R eport  F i g u r e s  -  
A p p l i c a b l e  Trucks  -  BS

ZC3000 2A I n n e r  e l a s t o m e r i c  pad h e i g h t  -  a x l e  s i d e
Report  S e c t i o n s  -  3 . 3 . 4 . 4
Report  F i g u r e s  -  
A p p l i c a b l e  Trucks  -  BS

ZC3000 2S In n e r  e l a s t o m e r i c  shear  pad h e i g h t  -  s t r a p  s i d e
Report  S e c t i o n s  -  3 . 3 . 4 . 4
Report  F i g u r e s  -  
A p p l i c a b l e  Trucks  -  BS
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TDOP Wear Measurements L i s t

ZC4000 1T S p r in g  cap wear b u t t o n  t h i c k n e s s
Report  S e c t i o n s  -  A - 3 . 5  
Report  F i g u r e s  -  A - 14 
A p p l i c a b l e  Trucks  -  MTS

ZC4000 10 Outboard cap p in  d ia m e te r
Report  S e c t i o n s  -  A - 3 . 5  
Report  F i g u r e s  -  A - 14 
A p p l i c a b l e  Tru cks  -  MTS

ZC4000 11 In bo ard  cap p in  d iam e te r
Report  S e c t i o n s  -  A - 3 . 5  
Report  F i g u r e s  -  A-14  
A p p l i c a b l e  Trucks  -  MTS

ZC4000 20 O u t s i d e  l oad  l i n k  i n s i d e  len gth
Report  S e c t i o n s  -  A - 3 . 5  
Report  F i g u r e s  -  A-14 
A p p l i c a b l e  Trucks  -  MTS

ZC4000 21 In bo ard  l oad  l i n k  i n s i d e  l e n gth
R eport  S e c t i o n s  -  A - 3 . 5  
R eport  F i g u r e s  -  A-14
A p p l i c a b l e  Trucks  -  MTS
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S e c t i o n  IV -  DATA COLLECTION AND FORMAT

A d e t a i l e d  d i s c u s s i o n  o f  t h e  d ata  c o l l e c t i o n  p r o c e d u r e s  i s  
p r o v i d e d  in S e c t i o n  2 o f  Appendix  B o f  t h e  Wyle r e p o r t  r e f e r e n c e d  in 
S e c t i o n  I o f  t h i s  r e p o r t .

B r i e f l y ,  t h e  d a t a  c o l l e c t e d  du r in g  t h e  f i e l d  measurement c y c l e s  were 
r e c o r d e d  on da t a  s h e e t s ,  an example o f  which i s  p r o v i d e d  on t h e  n e x t  p a g e .  
Recorded  on t h i s  s h e e t  a r e :  t h e  AAR p a r t  d e s i g n a t i o n  f o r  t h e  component 
appended w i th  3 z e r o e s ;  t h e  s tandard  c a r  l o c a t i o n  c o d e s ;  a t h r e e  d i g i t  
number r e p r e s e n t i n g  t h e  c a r  number; a t h r e e  d i g i t  number r e p r e s e n t i n g  t h e  
r e p la c e m e n t  number; and t h e  i n d i v i d u a l  measurements f o r  t h a t  p a r t  r e f e r ­
enced  by a un ique  two d i g i t  number.

These  d ata  were  t r a n s f e r r e d  by Dynamic S c i e n c e  i n t o  a wear d ata  base  
on a t im e  s h a r i n g  co m pu te r .  The d ata  base  system was a com m erc ia l  system 
c a l l e d  RAMIS. T h is  d a t a  base  was used by Dynamic S c i e n c e  f o r  r e v i e w i n g  
and o r g a n i z i n g  t h e  d a t a .

The d ata  a r e  p r e s e n t l y  a v a i l a b l e  in two f o r m s ,  hard c o p y  p r i n t o u t  and 
m ag n et i c  t a p e  f i l e s .

The hard c o p y  p r i n t o u t  i s  o r g a n i z e d  by c a r  and p a r t  number. The p a r t  
number, l o c a t i o n  and c o d e  a r e  p r o v i d e d  down t h e  l e f t  hand columns  o f  t h e  
p r i n t o u t  and t h e  measurement v a lu e s  f o r  each i n d i v i d u a l  measurement l o c a ­
t i o n  a r e  g i v e n  a l o n g  t h e  h o r i z o n t a l  beneath  t h e  m i l e a g e  a t  which t h a t  
measurement was t a k e n .  A measurement o f  0 i n d i c a t e s  t h a t  no measurement 
was tak en  a t  t h a t  t i m e .  The t a b l e  p r o v i d e d  in S e c t i o n  I I  o f  t h i s  r e p o r t  
p r o v i d e s  t h e  key t o  a s s o c i a t e  p a r t  numbers with  t r u c k  components and 
i n d i v i d u a l  measurements .

A f t e r  a component was r e p l a c e d ,  any measurements taken  on t h e  new 
p a r t  were put i n t o  a s e p a r a t e  data  base  o f  measurements f o r  r e p l a c e d  
p a r t s .  These measurements are  p r o v i d e d  in t h e  r e a r  o f  t h e  p r i n t o u t  s t a c k  
o r g a n i z e d  in t h e  same way as t h e  m a jor  data  f i l e .

The data  f rom t h e  data  base  were a l s o  w r i t t e n  t o  a m a g n e t i c  t a p e  f o r  
s t o r a g e  and l a t e r  r e t r i e v a l .  The t a p e  i s  a s tan d ard  9 t r a c k ,  1600 b i t s  
p e r  i n c h ,  s t a n d a r d  l a b e l e d  t a p e  with  EPSIDIC f o r m a t .  The d ata  f o r  each  
c a r  i s  in a s e p a r a t e  f i l e  and t h e  d ata  f o r  t h e  r e p l a c e d  p a r t s  f o r  a l l  o f  
t h e  c a r s  i s  in an e i g h t h  f i l e .  Each d ata  f i l e  i s  s e p a r a t e d  by a s h o r t  
h e a d e r  f i l e  and a s h o r t  t r a i l e r  f i l e .  The f i l e  d e s i g n a t i o n s  a r e  p r o v i d e d  
in T a b le  I V - 1 .
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F igu re  IV -1  Example Meaurement Form



T a b le  IV-1 M agnet ic  Tape F i l e  L i s t i n g

c a r  # c a r
t y p e

number o f  
r e c o r d s

f i l e  name

1 N a t io n a l  Swing 
Motion

3934 m e s f i l e . c a r l

2 Barber  S -2 -C 4667 m e s f i l e . c a r 2

3 D r e s s e r  DR-1 4190 m e s f i l e . c a r 3

4 Barber S-2-HD 
wi th  C-PEP

3251 m e s f i l e . c a r 4

5 ASF Ride  C o n t r o l 2863 m e s f i l e . c a r 5

6 B a r b e r - S c h e f f e l 3074 m e s f i l e . c a r 6

8 M .T .S .  M a x i r i d e 1940 m e s f i l e . c a r 8

R eplaced  p a r t s . 416 m e s f i l e . c a r r p
a l l  c a r s

In t h e  abov e  f i l e s ,  each measurement i s  c o n t a i n e d  in a 56 
b y t e  r e c o r d  which c o n t a i n s  a l l  o f  t h e  n e c e s s a r y  d e s i g n a t i o n  
i n f o r m a t i o n .  The EBSIDIC r e c o r d  f o rm at  i s  g i v e n  be low .
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T a b le  IV -2  EBSID1C R ecord  Format

F i e l d  Name ; Format : Length

Carnumber : A3 : 3

Cartype  ! A20 ! 20

M i leage  ! 16 ! 6

In s p d a te  ! 14 ! 4

Partnumber ] A6 : 6

•
Locmeas ] A5 : 5

Meascode A2 : 2

Measurement ; F7.3 : 7

S la c k  ; X3 : 3

TOTAL 56

A p r i n t o u t  o f  a few r e c o r d s  from the r e p l a c e d  p a r t s  f i l e  i s  g iv e n  
on the  f o l l o w i n g  page as an example .
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003IDRESSER DR-1 
003DRESSER DR-1 
003DRESSER DR-1 003DRESSER DR-1 
003DRESSER DR-1 
003DRESSER DR-1 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
004BARBER S2-HD 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
006BARBER SCHEFFEL 
0061BARBER SCHEFFEL

901168 
90116|8 

147836 
14783618 
1478368 
1478368 
2033298 
2033298 
2033298 
2033298 
2033298 
203329$ 
203329 
20332918 
2033298 
2033298 
2033298 
2033298 
2033298 
2033298 
2033293 
2033293 
203329$ 
203329 
4268 2̂7 
42682 
42682 
42682 
42682 
42682(7 
426827 
426827 
42682(7 42682 
42682 
42682(7 
42682(7 
42682 
42682 
42682 
42682

101JZC1000 
ZC1000 
Z C I O 0 0  ZC1000 
ZC1000 
ZC1000 
FNOOOO 
NOOOO 
NO 000 
NO 000 
FN0000 
NOOOO 

fnoooo 
noooo 
noooo 
'NOOOO 
NOOOO 
'NOOOO 
NOOOO 
'NOOOO 
NOOOO 
NOOOO 
NOOOO 
NOOOO 
FNOOOO 
FNOOOO 
FNOOOO 
FNOOOO 
FNOOOO 
FNOOOO 
FNOOOO 
FNOOOO 
FNOOOO 
FNOOOO 
FNOOOO 
FNOOOO 
FNOOOO 
FNOOOO 
FNOOOO

1 0 1
18201!

2 0 1 :
2 0 1 :
2 0 1 :
2 0 1
2 0
2 0
2 0
2 0U:
2 0

$ 2 0 1 f
2 0
2 0
2 0
2 0
2 0
2 0
2 0
2 0
20
20

$20
910
7910
7910
7910
7910
910
910
910
910
7910
7910
910
910
7910
7910
7910
7910

1B001V

1 F1
1 F1
1 F1

1 F1

lFt
1 FI
1 FI
1 F1
1 F1
1 F1
1 F1
1 F1
1 F1
1 F1
1 FI

B001W
BOOlHB001J
BOOlVjl
B001W11
BLllC
BLllH
BLllT
BLllwil
BLllZ
BL12H
BL12T
BL12W)2
BL12Z

i FNOOOO
FNOOOO

LV
1 W
1HLJ
V
W
LC
LH
(lt
w
LZ
2H
2T

Wt2Z
BRllC 
BRllH 
BRUT 
BRllW 
BRllZ 
BR12H 
BR12T2 
BR12W12 
BR12Z 
BL21H 
BL21T 
BL21 
BL22H 
BL22T 
BL22 
BRllH 
BRUT 
BRllW! BR12H|2 
BR12T 
BR12 
BR21H 
BR21T:

1CL14

LW1

2W2

>W 2

BR21W
BR22H
BR22T

1 
1  
1  
1  
1
2

U 4  
1  
2 
1  
5 
1  
2 
1  
5

LH
IT
LW
LZ
2H
T
W
2Z
1H
IT

W
2H
2T

W
1H
LT
1 W
H

'|2T
W
1H
IT
1 W2H
2T

.991

.996

.989.998

.990

.006

.130

.140

. 1 0 0

.270

.684

.160

. 1 0 0

.300

.693

.090

. 1 1 0

.070

.340

.683

. 1 1 0

. 1 0 0

.360

.678

.090

.090

.430

.140

. 1 2 0

.430

.170

. 1 0 0

.450

.170

. 1 0 0

.440

.160

. 1 1 0

.410

.160

. 1 0 0

: i g u r e  IV-2  T y p i c a l  TDOP Wear Data Records

Note:  L in e s  have been added t o  s e p a r a t e  t h e  f i e l d s  f o r  c l a r i t y .

23



The f i r s t  column c o n t a i n s  t h e  c a r  number, in t h i s  c a s e  e i t h e r  003 ,  
004 ,  o r  0 0 6 .  The n e x t  20 columns c o n t a i n  t h e  t r u c k  name. T h is  i s  f o l l o w e d  
in t h e  n e x t  6 co lumns by t h e  m i l e a g e  a t  which t h e  measurement was t a k e n ,  
in t h i s  c a s e  90116 ,  147836,  203329 ,  and 42682 .  Th is  i s  f o l l o w e d  by t h e ’ 
measurement d a t e .  The measurement d a t e  i s  a 4 d i g i t  number r e p r e s e n t i n g  
t h e  y e a r  f o l l o w e d  by t h e  month. In t h i s  c a s e  8101 -Ja n ua ry  8 1 ;  8201 -  
January 8 2 ;  7 9 1 0 - 0 c t o b e r  79.  The n e x t  6 columns are  t h e  m a jo r  p a r t  
number, in t h i s  c a s e  ZC1000 and FN0000. The n ex t  5 columns a r e  t h e  
measurement c o d e  c o n s i s t i n g  o f  t h e  AAR l o c a t i o n  d e s i g n a t i o n  f o l l o w e d  by 
t h e  unique  measurement c o d e ,  in t h i s  c a s e  B001V, B00TW, e t c . .  Th is  i s  
f o l l o w e d  by two co lumns r e p e a t i n g  t h e  unique  measurement c o d e ,  in t h i s  
c a s e  1V, 1W-, e t c . .  F i n a l l y ,  t h e  measurement i s  g i v e n .  I t  i s  a lways a 7 
column number c o n s i s t i n g  o f  3 d i g i t s  f o l l o w e d  by a dec im al  and then  3 
s i g n i f i c a n t  d i g i t s  f o l l o w i n g  t h e  d e c i m a l .
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S e c t i o n  V -  Measurement D e s c r i p t i o n s ,  E v a l u a t i o n ,  and Recommendations

The wear measurements taken  d u r i n g  t h e  program were d e v e l o p e d  by Wyle 
in c o n s u l t a t i o n  w i th  t h e  FRA c o n s u l t a n t  com m ittee  c o n s i s t i n g  o f  r e p r e s e n ­
t a t i v e s  f rom t h e  r a i l r o a d s  and t h e  t r u c k  s u p p l i e r s .  They i d e n t i f i e d  t h o s e  
a re as  o f  t h e  t r u c k s  which were s u b j e c t  t o  wear and th en  a t t e m p t e d  t o  
d e v e l o p  r e p e a t a b l e  and a c c u r a t e  ways o f  measuring t h e  wear .  These  
measurements a r e  d i s c u s s e d  be low .

Each measurement i s  i d e n t i f i e d  with  a unique  s e t  o f  numbers.  The 
f i r s t  i d e n t i f y i n g  number i s  r e f e r r e d  t o  as t h e  p a r t  number and c o n s i s t s  o f  
two c h a r a c t e r s  f o l l o w e d  by 4 numbers ( i . e .  FN0000, FF3000 ) .  The f i r s t  3 
c h a r a c t e r s  a r e  t h e  AAR component c o d e  d e s c r i p t i o n  and t h e  l a s t  3 
c h a r a c t e r s  were  r e s e r v e d  f o r  a measurement number o r  o t h e r  i d e n t i f i e r  
which was n o t  used in t h i s  e f f o r t .  The n e x t  3 i d e n t i f i e r s  a r e  t h e  3 
d i g i t  AAR p a r t  l o c a t i o n  c o d e  ( i . e .  AR3, BL1) r e p r e s e n t i n g  t h e  end o f  t h e  
c a r ,  t h e  s i d e  o f  t h e  c a r  and t h e  number o f  t h e  a x l e  a s s o c i a t e d  w i t h  t h e  
measurement.  F i n a l l y  each measurement i s  g iv e n  a two d i g i t  measurement 
c o d e .  Thus t h e  f l a n g e  h e i g h t  measurement on t h e  A end o f  t h e  c a r ,  r i g h t  
s i d e ,  a x l e  3 i s  i d e n t i f i e d  as FN0000 AR3 1H o r  FN0000 AR3 2H d e p e n d in g  on 
which o f  t h e  two f l a n g e  h e i g h t  measurements p e r  wheel  i s  b e i n g  r e f e r e n c e d .

These  measurements a r e  d i s c u s s e d  f u l l y  in t h e  r e p o r t  p r e p a r e d  by Wyle 
L a b o r a t o r i e s  f o r  t h e  FRA e n t i t l e d  Truck Des ign O p t i m i z a t i o n  P r o j e c t  (TDOP) 
Phase I I ,  Wear Data C o l l e c t i o n  Program R e p o r t s ,  which i s  r e f e r e n c e d  in t h e  
I n t r o d u c t i o n  t o  t h i s  r e p o r t .  For c r o s s  r e f e r e n c i n g ,  t h e  c h a p t e r s  and 
f i g u r e  numbers in t h e  Wyle r e p o r t  where each measurement i s  d i s c u s s e d  i s  
p r o v i d e d  a f t e r  each m a jor  c a t e g o r y  in t h e  d i s c u s s i o n  which f o l l o w s .  A l l  
o f  t h e  r e f e r e n c e s  a r e  in Appendix B o f  t h e  r e p o r t .  D e s c r i p t i o n s  o f  t h e  
measurements f o r  t h e  M a x ir id e  Truck a r e  c o n t a i n e d  in Appendix  A o f  
Appen dix  B and t h e s e  a r e  r e f e r e n c e d  w i th  an A in f r o n t  o f  t h e  c h a p t e r  and 
f i g u r e  numbers.

The f o l l o w i n g  d i s c u s s i o n  c o v e r s  many a s p e c t s  o f  t h e  measurement.  A 
t y p i c a l  example  i s  p r o v i d e d  b e lo w :

1. EJ0000 Truck B o l s t e r  C en ter  P l a t e

2 .  S e c t i o n  3 . 3 . 1 ;  f i g u r e s  2 . 1 3 , 2 . 1 4

3 .  Wear Ring T h i c k n e s s  -  1T-8T

4 .  Measured w i th  t h e  u l t r a s o n i c  t h i c k n e s s  gage  a t  s e v e r a l  p o i n t s  
around t h e  p e r i m e t e r  o f  t h e  c e n t e r  p l a t e .

3 .  H o r i z o n t a l  Wear L i n e r  T h i c k n e s s  -  1A-4C; 1D-4F

4 .  Measured w i t h  an u l t r a s o n i c  t h i c k n e s s  gage  a t  3 p o i n t s  a l o n g  8 ax es  
o f  t h e  p l a t e .

5 .  E v a lu a t i o n
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These  measurements a r e  easy  t o  t a k e  and r e l a t i v e l y  a c c u r a t e  but t h e r e  
are  r e f e r e n c e  prob lem s be cau se  t h e  l i n e r  has a t e n d e n c y  t o  t u r n .  This  
component has shown wear on t h e  o r d e r  o f  .001 i n c h e s  p e r  10 ,000  m i l e s  
d u r in g  t h e  t e s t  and t h u s  i s  n o t  l i k e l y  t o  be u s e f u l  f o r  com par ing  t r u c k s .  
However,  i t  has been p o i n t e d  o u t  t h a t  d e f o r m a t i o n  o r  e x c e s s i v e  wear in t h e  
c e n t e r  p l a t e  a re a  can o c c u r  i f  h u n t in g  a c t i o n  i s  p r e s e n t .

6 . Recommendation

Take o n l y  f i n a l  measurements.

7 .  Recommended Data R edu ct ion

8 . Wear r i n g  t h i c k n e s s  -  Average  8 measurements p e r  r i n g .

9 .  O r i g i n a l  da t a  p o i n t s  -  16
10. Reduced data  p o i n t s  -  2

Wear l i n e r  t h i c k n e s s  -  Average  12 measurements p e r  l i n e r .

O r i g i n a l  d a t a  p o i n t s  -  48 
Reduced da t a  p o i n t s  -  2

Item 1 i s  t h e  m a jo r  p a r t  number f o l l o w e d  by t h e  name o f  t h e  m a jor  
component.

Item 2 i s  t h e  s e c t i o n  and f i g u r e s  i f  any in t h e  Wyle r e p o r t  in which 
t h e  s e r i e s  o f  measurements t h a t  f o l l o w s  i s  d i s c u s s e d .

Item 3 i s  t h e  d e s c r i p t i o n  and range  o f  s p e c i f i c  measurement numbers 
which i d e n t i f y  t h e  i n d i v i d u a l  measurements .  For i n s t a n c e ,  t h e  i n d i v i d u a l  
measurements f o r  t h e  wear r i n g  t h i c k n e s s  are  1T, 2T,  3T, 4T,  5T,  6T, 7T,
8T and t h e  i n d i v i d u a l  measurements f o r  h o r i z o n t a l  wear l i n e r  t h i c k n e s s  a r e  
1A, 1B, 1C, 2A, 2B, 2 C , 3A, 3B, 3C, 4A, 4B, 4C, 1D, 1E, 1F, 2D, 2E, 2F,
3D, 3E, 3F,  4D, 4E, 4F.

Item 4 i s  a b r i e f  d e s c r i p t i o n  o f  t h e  measurement.

Item 5 i s  an e v a l u a t i o n  o f  t h e  measurement based on t h e  measurement 
h i s t o r y  t o  d a t e  and on t h e  f i e l d  e x p e r i e n c e .

Item 6 i s  a recommendation o f  how t o  use t h i s  measurement in any 
f o l l o w - o n  t o  t h i s  e f f o r t  o r  in o t h e r  t r u c k  wear measurement program s.

Item 7 i s  t h e  s t a r t  o f  t h e  s e c t i o n  c o n t a i n i n g  recommendations on ways 
t o  r e d u c e  t h e  number o f  measurements which must be s t o r e d  f o r  f u t u r e  data  
a n a l y s i s .  The p r e s e n t  data  f i l e  c o n t a i n s  o v e r  24 ,0 0 0  measurements and 
t h e r e b y  r e q u i r e s  t h e  use  o f  a l a r g e  computer  data  base  t o  s t o r e  and a c c e s s  
t h e  d a t a .  I f  t h e  number o f  measurements t o  be s t o r e d  can be r e d u c e d  t h e
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j o b  o f  s t o r i n g  and a n a l y z i n g  data  may become manageable e i t h e r  manual ly  o r  
on a m i c r o c o m p u t e r ,  t h e r e b y  e l i m i n a t i n g  t h e  e x pen se  o f  t h e  l a r g e  computer  
data  base  f o r  s t o r i n g  measurements which are  a c c e s s e d  i n f r e q u e n t l y .

The most  l i k e l y  method o f  a n a l y s i s  f o r  many measurements w i l l  be t o  
a v e r a ge  t h e  m u l t i p l e  measurements tak en  on a g iv e n  p a r t  o r  s u r f a c e  and 
th en  compare t h e  av e rage d  numbers.  By a v e r a g i n g  t h e s e  numbers b e f o r e  
s t o r a g e ,  t h e  number o f  measurements t o  be s t o r e d  in a r e a d i l y  a c c e s s i b l e  
form w i l l  be g r e a t l y  r e d u c e d .  I f  a n o t h e r  form o f  com par ison  i s  r e q u i r e d  
t h e  o r i g i n a l  measurements would s t i l l  be a c c e s s i b l e  by g o i n g  back  t o  t h e  
o r i g i n a l  data  c o l l e c t i o n  f o r m s .

Item 8 i s  t h e  s p e c i f i c  recommendat ion  f o r  t h a t  p a r t  o r  t h a t  group  o f  
measurements .  In t h i s  c a s e  t h e  recommendation  i s  t h a t  t h e  8 measurements 
taken  on t h e  wear r i n g  be a v e r a g e d .

Item 9 i s  t h e  number o f  data  p o i n t s  measured p e r  c a r  (2  t e s t  t r u c k s )  
p e r  measurement c y c l e .

Item 10 i s  t h e  number o f  r e du ce d  data  p o i n t s  which would be s t o r e d  in 
t h e  r e a d i l y  a c c e s s i b l e  f o r m .

The measurements and d i s c u s s i o n s  a r e  p r e s e n t e d  be low in a l p h a b e t i c a l  
o r d e r  by m a jo r  p a r t  number.

BE0000 Brake Shoes 

S e c t i o n  2 . 4 . 3 ;  f i g u r e  2 . 6  

Brake Shoe T h i c k n e s s  -  1A-4C

Measured w i t h  d i a l  c a l i p e r s  a t  12 p o i n t s  (6  on each end)  f rom  t h e  
metal  b a c k in g  s u r f a c e  t o  t h e  wear ing  s u r f a c e .

Brake Shoe Weight  -  1W 

The w e i g h t  o f  t h e  s h o e .

E v a lu a t io n

The brake  sh o e s  were be in g  r e p l a c e d  in between measurement c y c l e s  a t  
l o c a t i o n s  o t h e r  than  Las Vegas,  making i t  u n f e a s i b l e  t o  a c c u r a t e l y  m o n i t o r  
t h e  brake  s h o e s .  The brake  shoe  measurement was dropped  when DSI t o o k  
o v e r  f rom Wyle and no brake  shoe  measurements have been e n t e r e d  i n t o  t h e  
data  b a s e .

Recommendation
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Measurement was d r o p p e d .

Recommended Data R e d u c t io n

Brake sh oe  t h i c k n e s s  -  Measurement dropped

O r i g i n a l  data  p o i n t s  -  96 
Reduced da t a  p o i n t s  -  0

Brake sh oe  w e ig h t  -  Measurement dropped

O r i g i n a l  data  p o i n t s  -  8 
Reduced da t a  p o i n t s  -  0

EJ0000 Truck B o l s t e r  C enter  P l a t e  

S e c t i o n  3 . 3 . 1 ;  F ig u r e s  2 . 1 3 , 2 . 1 4  

Wear Ring T h i c k n e s s  -  1T-8T

Measured w i th  t h e  u l t r a s o n i c  t h i c k n e s s  gage  a t  s e v e r a l  p o i n t s  around 
t h e  p e r i m e t e r  o f  t h e  c e n t e r  p l a t e .

H o r i z o n t a l  Wear L i n e r  Th ic k n e s s  -  1A-4C; 1D-4F

Measured w i th  an u l t r a s o n i c  t h i c k n e s s  gage a t  3 p o i n t s  a l o n g  8 axes 
o f  t h e  p l a t e .

E v a lu a t io n

These measurements a r e  easy  t o  t a k e  and r e l a t i v e l y  a c c u r a t e  but t h e r e  
are  r e f e r e n c e  prob lem  b ecau se  t h e  l i n e r  has a t e n d e n c y  t o  t u r n .  This  
component has shown wear on t h e  o r d e r  o f  .001 i n c h e s  p e r  10 ,0 00  m i l e s  
du r in g  t h e  t e s t  and t h u s  i s  n o t  l i k e l y  t o  be -use fu l  f o r  com par ing  t r u c k s .  
However,  i t  has been p o i n t e d  o u t  t h a t  d e f o r m a t i o n  o r  e x c e s s i v e  wear in t h e  
c e n t e r  p l a t e  area  can o c c u r  i f  hunting  a c t i o n  i s  p r e s e n t .

Recommendation

Take f i n a l  measurements o n l y .

Su ggested  Data R e d u c t i o n

Wear r i n g  t h i c k n e s s  -  Average  8 measurements per  r i n g .  

O r i g i n a l  da t a  p o i n t s  -  16
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Reduced data  p o i n t s  -  2

Wear L i n e r  t h i c k n e s s  -  Average  12 measurements p e r  l i n e r

O r i g i n a l  data  p o i n t s  -  48 
Reduced d ata  p o i n t s  -  2

EN0000 F r i c t i o n  C ast in g

S e c t i o n  3 . 4 . 8 ;  F ig u r e s  2 . 1 , 2 . 2 , 3 . 9 , 3 . 1 0 , 3 . 1 1 , 3 . 1 2

V e r t i c a l  Face R e l a t i v e  Height -  1A-3C

Measurement taken  a t  9 p o i n t s  sp aced  on t h e  v e r t i c a l  f a c e  o f  t h e  
c a s t i n g  u s in g  t e m p l a t e s  and e i t h e r  a d i a l  depth gage  o r  an u l t r a s o n i c  
t h i c k n e s s  g age .

S l o p i n g  Face R e l a t i v e  Height -  4A-6C

Measurement taken  a t  9 p o i n t s  sp aced  on t h e  s l o p i n g  f a c e  o f  t h e  
c a s t i n g  u s in g  a t e m p l a t e  and e i t h e r  a d i a l  depth e  gage  o r  an u l t r a s o n i c  
t h i c k n e s s  g a g e .

Weight -  1W

Measurement dropped  

E v a lu a t io n

The measurements a r e  s im ple  and a c c u r a t e .

Recommendation

Take measurements a t  each c y c l e .  Drop w e i g h t .  

Recommended Data R e d u c t io n

V e r t i c a l  f a c e  r e l a t i v e  h e i g h t  -  a v e r a g e  9 measurements

O r i g i n a l  data  p o i n t s  -  72 
Reduced data  p o i n t s  -  8

S l o p i n g  f a c e  r e l a t i v e  h e i g h t  -  av e r a g e  9 measurements

O r i g i n a l  data  p o i n t s  -  72 
Reduced data  p o i n t s  -  8

F r i c t i o n  c a s t i n g  w e igh t  -  Measurement dropped .
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O r i g n i a l  d a t a  p o i n t s  -  8
R e d u c e d  d a t a  p o i n t s  -  0

EN1000 -  ASF F r i c t i o n  C a s t i n g  V e r t i c a l  Face R e l a t i v e  H e igh t

S e c t i o n  3 . 4 . 8 . 3 ;  F igu re  3 .1 3

V e r t i c a l  Face R e l a t i v e  Height -  1A-3C

Measurement tak en  a t  9 p o i n t s  sp aced  on t h e  v e r t i c a l  f a c e  o f  t h e  
c a s t i n g  us ing  t e m p l a t e s  and e i t h e r  a d i a l  depth gage  o r  an u l t r a s o n i c  
t h i c k n e s s  g age .

S l o p i n g  Face R e l a t i v e  Height -  4A-6B

Measurement taken  a t  6 p o i n t s  sp aced  on t h e  s l o p i n g  f a c e  o f  t h e  
c a s t i n g  us ing  a t e m p l a t e  and e i t h e r  a d i a l  depth  gage  o r  an u l t r a s o n i c  
t h i c k n e s s  g age .

Weight  -  1W

Measurement d r o p p e d .

E v a lu a t i o n

The measurements a r e  s i m p l e  and a c c u r a t e .

Recommendation

Take measurement a t  each c y c l e .  Drop w e i g h t .

Recommended Data R e d u c t io n

V e r t i c a l  f a c e  r e l a t i v e  h e i g h t  -  a v e r a g e  9 measurements p e r  f a c e .

O r i g i n a l  data  p o i n t s  -  72 
Reduced data  p o i n t s  -  8

S l o p i n g  f a c e  r e l a t i v e  h e i g h t  -  Average  6 measurements p e r  f a c e .

O r i g i n a l  data  p o i n t s  -  48 
Reduced data  p o i n t s  -  8

Weight -  Measurement d r o p pe d .

O r i g i n a l  data  p o i n t s  -  8 
Reduced data  p o i n t s  -  0

30



EN4000 -  M a x ir id e  F r i c t i o n  Snubber

S e c t i o n  A - 3 . 6 ;  F igu r e s  A - 1 5 , A - 16 

P i s t o n  Face T h ickn ess  -  1T-5T

Measured a t  5 p o i n t s  around t h e  f a c e  o f  t h e  p l a t e  u s i n g  a t e m p l a t e  
and an u l t r a s o n i c  t h i c k n e s s  g a g e .

P i s t o n  Length -  1L

Measured from t h e  f a c e  o f  t h e  p l a t e  t o  t h e  end o f  t h e  s h a f t  u s in g  
d i a l  c a l i p e r s .

E v a lu a t i o n

The measurements a r e  s t r a i g h t f o r w a r d  and a c c u r a t e .

Recommendation

Take measurement a t  each  c y c l e .

P i s t o n  S h a f t  Minimum Diameter -  1D 

Minimum d i a m e t e r  o f  t h e  s h a f t  measured wi th  a d i a l  c a l i p e r .

E v a lu a t i o n

Measurement i s  e a sy  t o  t a k e  a l th o u gh  t h e  use o f  a minimum d iam e te r  
r a t h e r  than a f i x e d  p o i n t  r e f e r e n c e  makes r e f e r e n c i n g  d i f f i c u l t .

Recommendation

Take f i n a l  measurement o n l y .

Recommended Data R e du c t i o n

P i s t o n  f a c e  t h i c k n e s s  -  Average  5 measurements per  f a c e .

O r i g i n a l  data  p o i n t s  -  40 
Reduced data  p o i n t s  -  8

P i s t o n  le n gth  -  No da t a  r e d u c t i o n .

31



P i s t o n  s h a f t  minimum d i a m e t e r  -  No data  r e d u c t i o n .

O r i g i n a l  data  p o i n t s  -  8 
Reduced data  p o i n t s  -  8

EY0000 -  Bear ing  Adapte rs 

S e c t i o n  3 . 4 . 7 ;  F igu res  2 . 5 , 3 . 8  

Crown R e l a t i v e  Height -  1A-3B

Measured in 6 p l a c e s  w ith  a d i a l  depth g age  i n s e r t e d  in h o l e s  in a 
t e m p l a t e  p l a c e d  o v e r  t h e  t o p  o f  t h e  be ar in g  a d a p t e r .

Lug L a t e r a l  Face R e l a t i v e  T h i c k n e s s  -  4A-5B

D i s t a n c e  between a t a b  on t h e  b e a r in g  a d a p t e r  t e m p l a t e  and i n s i d e  
edge  o f  t h e  l a t e r a l  f a c e  measured with  a t e l e s c o p i n g  g a g e .

L o n g i t u d i n a l  S to p  R e l a t i v e  T h i c k n e s s  -  6A-6B

D i s t a n c e  between a t a b  on t h e  a d a p t e r  t e m p l a t e  and t h e  c e n t e r  o f  t h e  
l a t e r a l  s t o p  measured u s in g  a t e l e s c o p i n g  g age .

Weight -  1W

Measurement was dropped  

E v a lu a t io n

Measurements a r e  o f  good q u a l i t y  and are u s e f u l  be c a u se  t h e y  r e l a t e  
t o  t h e  f r e e  p l a y  in t h e  b e a r i n g  a d a p te r  a r e a .

Recommendation

Take f i n a l  measurement o n l y .  Weight d ro p pe d .

Recommended Data R e d u c t i o n

Crown r e l a t i v e  h e i g h t  -  Average  6 measurements per  a d a p t e r  crow n.

O r i g i n a l  data  p o i n t s  -  48 
Reduced data  p o i n t s  -  8

O r i g i n a l  d a t a  p o i n t s  -  8
R e d u c e d  d a t a  p o i n t s  -  8
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Lug l a t e r a l  f a c e  r e l a t i v e  h e i g h t  -  No data  r e d u c t i o n .

O r i g i n a l  d ata  p o i n t s  -  32 
Reduced data  p o i n t s  -  32

L o n g i t u d i n a l  s t o p  r e l a t i v e  t h i c k n e s s  -  No data  r e d u c t i o n .

O r i g i n a l  d ata  p o i n t s  -  16 
Reduced d ata  p o i n t s  -  16

Weight -  Measurement dropped

O r i g i n a l  data  p o i n t s  -  8 
Reduced d ata  p o i n t s  -  0

EY2000 -  M a x ir id e  Bear ing  Adapter  Main Wear P l a t e s

S e c t i o n  A 3 . 2 ;  F igure  A - 10

O uter  Main Wear P l a t e  Th ic k n e s s  -  1A-3C

Th ick n e s s  o f  t h e  o u t e r  wear p l a t e  measured a t  8 p o i n t s  a l o n g  t h e  f a c e  
us ing  a t e m p l a t e  and an u l t r a s o n i c  t h i c k n e s s  g age .

I n n e r  Main Wear P l a t e  Th ic k n e s s  -  1D-3F

T h ic k n e s s  o f  t h e  i n n e r  wear p l a t e  measured a t  8 p o i n t s  a l o n g  t h e  f a c e  
u s in g  a t e m p l a t e  and an u l t r a s o n i c  t h i c k n e s s  g a g e .

E v a lu a t io n

The measurements a r e  s t r a i g h t f o r w a r d  and a c c u r a t e .

Recommendation

Take measurements a t  each  c y c l e .

Recommended Data R e d u c t i o n

Outer main wear p l a t e  t h i c k n e s s  -  Average 8 measurements p e r  p l a t e

O r i g i n a l  data  p o i n t s  -  64 
Reduced data  p o i n t s  -  8

Inner  main wear p l a t e  t h i c k n e s s  -  Average 8 measurements per  p l a t e

33



EY3000 -  M a x ir id e  Bear ing  Adapter  S i d e  Wear P l a t e s

S e c t i o n  A - 3 . 2 ;  F ig u r e  A - 10

Outboard  S id e  P l a t e  T h i c k n e s s  -  10-31

Wear p l a t e  t h i c k n e s s  measured a t  3 p o i n t s  on each  s i d e  p l a t e  u s in g  a 
t e m p l a t e  and an u l t r a s o n i c  t h i c k n e s s  g age .

In bo ard  S i d e  Wear P l a t e  T h i c k n e s s  -  40 -61

Wear p l a t e  t h i c k n e s s  measured a t  3 p o i n t s  on each s i d e  p l a t e  u s in g  a 
t e m p l a t e  and an u l t r a s o n i c  t h i c k n e s s  g age .

O r i g i n a l  d a t a  p o i n t s  -  64
R e d u c e d  d a t a  p o i n t s  -  8

E v a lu a t io n

Measurements a r e  a c c u r a t e  and s t r a i g h t f o r w a r d  and r e l a t e  t o  f r e e  p l a y  
in t h e  b e a r i n g  a d a p t e r  a r e a .

Recommendation

Take measurements a t  each c y c l e .

Outboard S i d e  P l a t e  Spac in g  -  1S-3S 

Inboard  S id e  P l a t e  Spac in g  -  4S-6S

D i s t a n c e  between s i d e  p l a t e s  measured a t  3 p o i n t s  u s in g  t e m p l a t e s  and 
a t u b u l a r  m i c r o m e t e r .

E v a lu a t io n

Measurements a r e  a c c u r a t e  and s t r a i g h t f o r w a r d  but a r e  a l s o  a 
d u p l i c a t i o n  o f  t h e  i n f o r m a t i o n  p r o v i d e d  by t h e  s i d e  wear p l a t e  t h i c k n e s s  
measurements.  They can s e r v e  t o  v e r i f y  t h e s e  t h i c k n e s s  measurements .

Recommendation

Take f i n a l  measurements o n l y .  

Recommended Data R e d u c t i o n
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Outboard s i d e  p l a t e  t h i c k n e s s  -  Average  3 measurements p e r  p l a t e .

O r i g i n a l  da t a  p o i n t s  -  48 
Reduced data  p o i n t s  -  16

Inboard s i d e  p l a t e  t h i c k n e s s  -  Average  3 measurements p e r  p l a t e .

O r i g i n a l  data  p o i n t s  -  48 
Reduced data  p o i n t s  -  16

Outboard s i d e  p l a t e  s p a c i n g  -  Average  3 measurements p e r  l o c a t i o n .

O r i g i n a l  data  p o i n t s  -  24 
Reduced data  p o i n t s  -  8

Inboard s i d e  p l a t e  s p a c i n g  -  av e rage  3 measurements p e r  p l a t e .

O r i g i n a l  data  p o i n t s  -  24 
Reduced data  p o i n t s  -  8

FA0000 -  S id e  Cage Base T h i c k n e s s  

S e c t i o n  2 . 4 . 9 ;  F igu re  2 . 3  

Cage Base Th ick n e s s  -  1T

T h ic k n e s s  o f  t h e  base  o f  t h e  cag e  measured wi th  an u l t r a s o n i c  
t h i c k n e s s  gage  a t  t h e  p o i n t  o f  maximum wear.

E v a lu a t io n

The measurement has no c l e a r  r e f e r e n c e  p o i n t .  A l s o ,  t h e  c a g e  base  
d o e s  n o t  seem t o  be a wear a r e a .

Recommendation

Drop measurement.

Recommended Data R e d u c t i o n

Cage base  t h i c k n e s s  -  Drop measurement.

O r i g i n a l  da t a  p o i n t s  -  8 
Reduced d ata  p o i n t s  -  0
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FBOOOO -  S i d e  Bear ing

S e c t i o n  2 . 4 . 9 ;  F ig u r e  2 . 3

S i d e  Bear ing  R o l l e r  Mininmum Diameter -  1D

Minimum d i a m e t e r  o f  t h e  r o l l e r  b e a r i n g  measured wi th  d i a l  c a l i p e r s  a t  
t h e  c e n t e r  o f  t h e  r o l l e r .

E v a lu a t io n

Easy t o  t a k e  b u t  seems t o  be o f  l i m i t e d  u s e f u l n e s s .

Recommendation

Drop t h e  measurement.  An i n s p e c t i o n  a t - t h e  end o f  t h e  t e s t  t o  s e e  i f  
t h e  r o l l e r  i s  o u t  o f  round would be u s e f u l .

Recommended Data R e d u c t io n

R o l l e r  minimum d i a m e t e r  -  Drop measurement.

O r i g i n a l  data  p o i n t s  -  8 
Reduced data  p o i n t s  -  0

FD0000 -  N a t io n a l  Swing Motion  Transom Stop  T h i c k n e s s

S e c t i o n  3 . 3 . 4 . 1 ;  F ig u r e  3 . 3  
Transom Sto p  T h i c k n e s s  -  1T

T h i c k n e s s  o f  t h e  s t o p  measured w ith  d i a l  c a l i p e r s  a t  c e n t e r  o f  s t o p .  

E v a lu a t io n

Sim ple  measurement but n o t  a w ear ing  s u r f a c e .  There i s  l i t t l e  
r u b b i n g ,  o n l y  c o n t a c t .

Recommendation

Drop measurement.

Recommended Data R e du ct io n

Transom s t o p  t h i c k n e s s  -  Drop measurement.
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O r i g i n a l  d a t a  p o i n t s  -  4
R e d u c e d  d a t a  p o i n t s  -  0

FFOOOO -  B o l s t e r  Gib T h i c k n e s s  and Column Width 

S e c t i o n  3 . 3 . 4 ;  F igu re  2 . 1 2  

Inboard Gib T h i c k n e s s  -  1T-3T 

Outboard Gib T h i c k n e s s  -  4T-6T

D i s t a n c e  f rom  t h e  f l a t  i n s i d e  f a c e  o f  t h e  g i b  t o  a b u t t o n  p l a c e d  on 
t h e  non wear ing  s i d e  o f  t h e  g i b  measured wi th  a d i a l  c a l i p e r  a t  3 p l a c e s  
on t h e  g i b .

E v a lu a t i o n

The f l a t  wear ing  f a c e s  t en d  t o  wear in a s l o p i n g  manner f rom  i n s i d e  
t o  o u t s i d e  so  t h a t  i t  becomes p r o g r e s s i v e l y  h arder  t o  r e f e r e n c e  t h e  d i a l  
c a l i p e r .  Thus,  t h e  a c c u r a c y  o f  t h i s  measurement d e c r e a s e s  o v e r  t i m e .  
However,  g i b  wear i s  r e l a t e d  t o  t r u c k  f r e e  p l a y  and t r u c k  s q u a r e n e s s  which 
a r e  im p o r tan t  t o  t r u c k  p e r fo r m a n c e .

Recommendation

Take measurements a t  each c y c l e

Column Width -  1W-3W 

S e c t i o n  3 . 3 . 4 ,  F ig u r e  2 . 1 2

D i s t a n c e  f rom f l a t  wear ing  f a c e  o f  in board  g i b  t o  f l a t  w ear in g  f a c e  
o f  o u t b o a r d  g i b  measured in 3 p l a c e s  with  d i a l  c a l i p e r s .

E v a lu a t i o n

The change  in t h e  column w i t h  i s  equal  t o  t h e  sum o f  t h e  changes  in 
t h e  i n b o a r d  and o u t b o a r d  g i b  t h i c k n e s s e s .  However in t h i s  c a s e  t h e  
redundancy  i s  worth r e t a i n i n g .

Recommendation

Take measurement a t  each c y c l e .
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Recommended Data R e d u c t i o n

Inboard  g i b  t h i c k n e s s  -  Average  3 measurements p e r  g i b .

O r i g i n a l  data  p o i n t s  -  24 
Reduced data  p o i n t s  -  8

Outboard  g i b  t h i c k n e s s  -  Average  3 measurements per  g i b .

O r i g i n a l  data  p o i n t s  -  24 
Reduced data  p o i n t s  -  8

Column width  -  Average  3 measurements per  l o c a t i o n .

O r i g i n a l  data  p o i n t s  -  24 
Reduced data  p o i n t s  -  8

FF3000 -  Truck B o l s t e r  

S e c t i o n  3 . 3 . 3 ;  F igure  3.1 

Outboard Column Spac ing  -  1S-2S 

Inboard  Column Spac ing  -  3S-4S

D i s t a n c e  a c r o s s  b o l s t e r  body measured with  a d i a l  c a l i p e r  1 inch  f rom 
t h e  t o p  o f  t h e  b o l s t e r  and one abou t  1 inch from t h e  bot tom  o f  t h e  b o l s t e r  
on t h e  in b o a r d  s i d e  o f  t h e  f r i c t i o n  c a s t i n g  p o c k e t  a r e a .

E v a lu a t i o n

The column s p a c in g  i s  im p o r tan t  b e c a u se  i t  r e l a t e s  d i r e c t l y  t o  t h e  t r u c k  
s q u a r e n e s s  and f r e e  p l a y  between t h e  b o l s t e r  and t h e  s i d e  f r a m e .

Recommendation

Take measurement a t  each c y c l e .

Inboard  Gib Spac ing  -  5S-6S

The d i s t a n c e  a c r o s s  t h e  b o l s t e r  from o u t s i d e  edge  o f  t h e  g i b s  taken 
a c r o s s  each  g i b  abou t  1 inch f rom t h e  t o p  and one inch  from  t h e  bot tom  o f  
t h e  g i b .
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E v a lu a t io n

The edges o f  t h e  g i b  are  n o t  wear ing  s u r f a c e s .  

Recommendation

Drop measurement.

Recommended Data R e d u c t i o n

Outboard column s p a c i n g  -  Average  2 measurements per  l o c a t i o n .

O r i g i n a l  d ata  p o i n t s  -  8 
Reduced data  p o i n t s  -  4

Inboard  column s p a c in g  -  Average  2 measurements per  l o c a t i o n .

O r i g i n a l  d ata  p o i n t s  -  8 
Reduced data  p o i n t s  -  4

Inboard g i b  s p a c in g  -  Drop measurement.

O r i g i n a l  d ata  p o i n t s  -  8 
Reduced d ata  p o i n t s ' -  0

FF4000 -  N a t i o n a l  Swing Motion B o l s t e r  Stop T h i c k n e s s  

S e c t i o n  3 . 3 . 4 . 1 ;  F igu re  3 . 3  

B o l s t e r  Stop  Th ickn ess  -  1T

Th ic k n e s s  o f  t h e  s t o p  taken  wi th  a d i a l  c a l i p e r s  a t  t h e  
c e n t e r  o f  t h e  s t o p .

E v a lu a t io n

Simple  measurement t o  t a k e  but t h e  s u r f a c e  has minimal  
f r i c t i o n  c o n t a c t .

Recommendation

Take f i n a l  measurement o n l y .

Recommended Data R e d u c t i o n
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B o l s t e r  s t o p  t h i c k n e s s  -  No data  r e d u c t i o n

O r i g i n a l  data  p o i n t s  -  4 
Reduced data  p o i n t s  -  4

FG0000 -  Truck b o l s t e r  C e n te r  P l a t e  

S e c t i o n  2 . 4 . 8 ,  3 . 3 . 1 ;  F ig u r e  2 .1 3  

L o n g i t u d i n a l  Diameter -  1D

Measurement ta k e n  w i th  d i a l  c a l i p e r s  in t h e  l o n g i t u d i n a l  
d i r e c t i o n .

L a t e r a l  Diameter -  2D

Measurement taken  with  d i a l  c a l i p e r s  in t h e  l a t e r a l  
d i r e c t i o n .

E v a lu a t io n

These  measurements a r e  i n i t i a l  measurements o n l y .

Recommendation

In v e n t o r y  o n l y  -  d r o p .

Recommended Data R e d u c t i o n

B o l s t e r  c e n t e r  p l a t e  l o n g i t u d i n a l  d ia m e te r  -  I n v e n t o r y  o n l y  -  drop

O r i g i n a l  data  p o i n t s  -  2 
Reduced d ata  p o i n t s  -  0

B o l s t e r  c e n t e r  p l a t e  l a t e r a l  d ia m e te r  -  In v e n t o r y  o n l y  -  d r o p .

O r i g i n a l  d ata  p o i n t s  -  2 
Reduced data  p o i n t s  -  0
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FG1000 -  Center P la te  H orizon ta l Surface R e la tiv e  Height

Section 2 .4 .8 ,  3 .3 .1

H o rizo n ta l Surface R e la tiv e  Height -  1A-1F

A tem plate is  put on top o f the center p la te  rin g  and a d ia l depth 
gage is used to  measure the depth r e la t iv e  to  th is  f ix e d  p la te . Only 
performed on those trucks w ith  no center p la te  l in e r  (Barber S-2-C HD, 
Barber S c h e ffe l) o r those trucks w ith  removable center p la te  l in e r  
(N ation al Swing M otion, Barber S -2-C , ASF Ride C o n tro l) .

Evaluation

This measurement is  easy to  take but wear is  s l ig h t .  Some 
unusual wear could occur i f  the tru ck  was hunting.

Recommendation

Take f in a l  measurements only.

Recommended Data Reduction

H orizonta l surface r e la t iv e  height -  No reduction .

O rig in a l data po ints -  48 
Reduced data po in ts -  48

FJ0000 -  Side Frame 

Section 3 .4 .1 ;  Figure 3 .5  

Outer Lug R e la tiv e  Thickness -  10-11 

Inner Lug R e la tiv e  Thickness -  20-21

Distance between tabs on the pedestal roof r e la t iv e  height f ix tu r e  
and the ends o f th e  side frame lugs which mate w ith the bearing adapters.

Evaluation

S tra ig h tfo rw ard  measurement w ith so lid  reference p o in t. However, a 
pre lim in ary  look a t the data ind icates th a t  th ere  is  a g rea t deal of
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v a r i a t i o n  in measurements .

Recommendation

Take f in a l  measurements on ly .

Pedestal Roof R e la tiv e  Height -  1A-3B

Distance from th e  surface o f the pedestal roof r e la t iv e  height 
f ix tu r e  and the top o f the  side frame pedestal jaw area measured in s ix  
places w ith  a d ia l depth c a lip e r .

Evaluation

Measurements seem to  have a g rea t deal o f v a r ia t io n .

Recommendation

Take f in a l  measurement on ly .

A n tiro ta tio n  Lug Thickness -  1T-3T 

Section 3 .4 .2 ;  Figure 2 .10

Distance between the f l a t  face of the  a n tiro ta t io n  lugs and button  
head screws located on the sloping side o f the lug .

Evaluation

The f l a t  side o f the  lug wears to  a tap er thus e lim in a tin g  
the reference p o in t.

Recommendation

Take f in a l  measurement only .

Column Width -  1W-3W 

Section 3 .4 .2
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The d istance between the a n t iro ta t io n  lugs oposite the thickness  
buttons.

Evaluation

The uneven wear o f the lug faces makes the referenc in g  o f  
the measurement d i f f i c u l t .

Recommendation

Take f in a l  measurement on ly .

Recommended Data Reduction

Outer lug r e la t iv e  thickness -  Average 3 measurements per lo c a tio n .

O rig in a l data points -  24 
Reduced data points -  8

Inner lug r e la t iv e  thickness -  Average 3 measurements per lo c a tio n .

O rig in a l data po ints -  24 
Reduced data points -  8

Pedestal roof r e la t iv e  height -  Average 6 measurements per lo c a tio n .

O rig in a l data po ints -  48 
Reduced data points -  8

A n tiro ta t io n  lug thickness -  Average 3 measurements per lo c a tio n .

O rig in a l data po ints -  24 
Reduced data points -  8

Column width -  Average 3 measurements per location

O rig in a l data po ints -  24 
Reduced data points -  8
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FJ1000 -  Truck S i d e  Frame

Section 3 .4 .3 ;  Figure 3 .5  

Outer Lug L a te ra l Width -  4T 

Inner Lug L a te ra l Width -  5T

The width o f the  jaw lug taken w ith  a d ia l micrometer a t one po in t 
where the wear appears to  be g re a te s t.

Evaluation

The measurement su ffe rs  from lack of a fix e d  reference p o in t. The 
measurement re la te s  to  the fre e  p lay in the bearing adapter.

Recommendation

Take f in a l  measurement on ly .

Lug to  Lug Spacing -  1L

The distance across the bearing adapter jaw from one lug to  the other 
in the  center o f the  lug .

Evaluation

The measured wear is  equal to  the sum of the wear in d ica ted  by the  
corresponding bearing adapter lug la te r a l  face r e la t iv e  th ickn ess .

Recommendation

Take f in a l  measurement on ly .

Jaw Spacing -  1S

Distance across the side frame jaws a t the center o f the  bearing  
adapter measured w ith .d ia l  c a lip e rs .

Evaluation

The surfaces are not norm ally wearing surfaces.
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Recommendations

Take f i n a l  measurement o n l y .

Recommended Data Reduction

Outer lug la te r a l  width -  No reduction

O rig in a l data po ints -  8 
Reduced data points -  8

Inner lug la te r a l  width -  No reduction

O rig in a l data points -  8 
Reduced data po ints -  8

Lug to  lug spacing -

O rig in a l data points -  8 
Reduced data points -  8

Jaw spacing -  No reduction

O rig in a l data po ints -  8 
Reduced data po ints -  8

FJ2000 -  Truck Side Frame A n tiro ta tio n  Lug Spacing 

Section 3 .4 .2 ;  Figure 3 .6

A n tiro ta t io n  Lug Spacing -  1S-3S

The spacing between the ends o f the lugs measured w ith  a d ia l c a lip e r  
a t 3 points oposite the th ickness reference buttons fo r  each set of 
a n tiro ta t io n  lugs.

Evaluation

Unless there  is  deform ation of the castin g , th is  measurement is  a 
d u p lic a tio n  o f the  a n t iro ta t io n  lug thickness measurement. Since i t  is  
taken over a d istance o f about 19 inches i t  would be expected to  be less 
accu rate . I t  can serve as a check on the truck squareness.

Recommendations
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Take f i n a l  measurement o n l y .

Recommended Data Reduction

A n tiro ta t io n  lug spacing -  Average 3 points per lo c a tio n .

O rig in a l data po ints -  12 
Reduced data po ints -  4

FJ3000 Side Frame Column Spacing 

Section 3 .3 .3 ,  Figure 3.1
Distance across the column opening from wear p la te  to  wear p la te .  

Evaluation

S tra ig h tfo rw ard  measurement -  Inventory on ly .

Recommendation

Inventory only -  drop measurement.

FJ4000 -  National Swing Motion Side Frame Thickness and Spacing

Section 3 .4 .3 ;  Figure 3 .5

Outer Lug R e la tiv e  Thickness -  10-11 

Inner Lug R e la tiv e  Thickness -  20-21 

Pedestal Roof R e la tiv e  Height -  2A-2B 

Outer Lug L a te ra l Width -  4T 

Inner Lug L a te ra l Width -  5T 

Lug to  Lug Spacing - 1L 

Jaw Spacing a t Bearing Center -  1S

See FJ0000 fo r  discussion o f measurements
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Section. A -3 .3 ; Figure A -14 
Pedestal Outer Jaw Width -  1W-3W

Pedestal Inner Jaw Width -  4W-6W

Distance across the bearing adapter jaw measured in th re e  places w ith  
d ia l c a lip e rs .

Evaluation

S tra ig h tfo rw ard  and accurate they re la te  to  fre e  play in the bearing  
adapter.

Recommendation

Take the measurements a t each cyc le .

Outboard Link Pin Minimum Diameter -  20

Inboard Link Pin Minimum Diameter -  21

Minimum diam eter o f the  spring cap lin k  pin measured w ith  a d ia l  
micrometer.

Evaluation

There is  no c le a r  reference p o in t fo r  th is  measurement 

Recommendation

Take f in a l  measurement on ly .

Recommended Data Reduction

Pedestal outer jaw width -  Average 3 measurements per jaw .

O rig in a l data po ints -  24

FJ5000 -  M a x ir id e  S id e  Frame
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Reduced data po in ts -  8

O rig in a l data po ints -  24 
Reduced data po in ts -  8

Outboard lin k  pin minimum diam eter -  No red u ctio n .

O rig in a l data po in ts -  8 
Reduced data po in ts -  8

Inboard Link pin minimum diam eter -  No reduction

O rig in a l data po in ts -  8 
Reduced data po in ts  -  8

P e d e s t a l  in n e r  jaw  w id th  -  Average 3 measurements p e r  ja w .

FK0000 Truck Side Frame Wear P la te  Thickness 

Section 3 .4 .4 ;  Figure 3 .6  

Wear P la te  Thickness -  1A-3C

The thickness measured a t 9 places on the column wear p la te  w ith  an 
u ltra s o n ic  th ickness gage.

Evaluation

The measurements are quick and are r e la t iv e ly  accurate . The 
measurements r e la te  to  fre e  play and truck  squareness. I f  the p la te  
loosens, some wear can occur on the back side o f the p la te .

Recommendations

Take measurement a t each cyc le .

Recommended Data Reduction

Wear p la te  th ickness -  Average 9 measurements per p la te .

O rig in a l data po ints -  72 
Reduced data po ints -  8
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FK1000 National Swing Motion Side Wear P la te  

Section 3 .4 .4 ;  Figure 3 .6  

Wear P la te  Thickness -  1A-3C 

Wear P la te  Thickness Outboard -  10-30 

Wear P la te  Thickness Inboard -  11-31 

See FK0000 fo r  discussion o f measurements 

Recommended Data Reduction

Wear p la te  th ickness -  Average 9 measurements per p la te .

O rig in a l data po ints -  72 
Reduced data po ints -  8

Outboard wear p la te  thickness -  Average 3 measurements per p la te .

O rig in a l data po ints -  24 
Reduced data po ints -  8

Inboard wear p la te  thickness -  Average 3 measurements per p la te .

. O rig in a l data po ints -  24 
Reduced data po ints -  8

FK2000 M axiride Side Frame 

Section A -3 .3 ; Figures A -11-14

Outer Wear P la te  Thickness -  iA -3C  

Thickness measured a t  9 places w ith  an u ltra s o n ic  th ickness gage.

Evaluation

Measurement is  s tra ig h tfo rw ard  an d -re la te s  to  bearing adapter fre e
p lay .

Recommendation

Take measurement a t each cy c le .
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Outboard Side P la te  Thickness -  10-31

Inboard Side P la te  Thickness -  4 0 -6 I 

Thickness measured w ith  an u ltra s o n ic  th ickness gage.

Evaluation

Measurement is  s tra ig h tfo rw a rd  and re la te s  to  bearing adapter fre e
play

Recommendation

Take measurement a t each cy c le .

Recommended Data Reduction

Outer wear p la te  thickness -  Average 9 measurements per p la te .

O rig in a l data points -  72 
Reduced data points -  8

Outboard side p la te  thickness -  Average 6 measurements per p la te .

O rig in a l data po ints -  48 
Reduced data points -  8

Inboard side p la te  thickness -  Average 6 measurements per p la te .

O rig in a l data points -  48 
Reduced data po ints -  8

FM___  Springs

Spring measurements were droppd by Wyle because o f d i f f i c u l t ie s  in 
producing meaningful and repeatab le numbers.
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FNOOOO Wheels

Section 3 .4 .9 ;  Figure 3 .14  

Rim Thickness -  1T-2T

Thickness of the  wheel rim measured w ith a standard AAR f in g e r  gage. 

Evaluation

Measurements are standard and are im portant in d ica to rs  o f tru ck  
performance.

Recommendation

Take every 50,000 -  75,000 m ile s .

Flange Height -  1H-2H

Height o f the  wheel flan g e  measured with a standard AAR f in g e r  gage.

Evaluation

Measurements are standard and are im portant in d ica to rs  o f truck  
performance.

Recommendation

Take every 50,000 -  75,000 m ile s .

Flange Width -  1W-2W

Width o f the  wheel flange measured w ith  a- standard AAR f in g e r  gage. 

Evaluation

Measurements are standard and are im portant in d ica to rs  o f tru ck  
performance.

Recommendation
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Take every 50,000 -  75,000 m iles .

Wheel Circumference -  1C

Circumference o f th e  wheel measured w ith an AAR standard wheel tap e .

Evaluation

Measurements are standard and are im portant in d ica to rs  o f tru ck  
performance.

Recommendation

Take every 50,000 to  75,000 m iles .

Tread Thickness -  1Z-2Z

Thickness across th e  tread  measured w ith a d ia l c a lip e rs .

Evaluation

Wear in th is  measurement would be caused by ex te rn a l elements such as 
sw itch points and would not be d ir e c t ly  re la te d  to  tru c k  performance.

Recommendation

Drop measurement.

P r o f i le  -  No numerical designation  

P ro f ile  o f wheel taken w ith  a Pullman-Standard wheel p ro filo m e te r. 

Evaluation

P ro filo m e te r provides a c le a r  representation  of the  shape o f the  
tread  and flan g e  but does not have a c le a r  reference fo r  q u a n tita t iv e  
comparison. P ro f ile s  thus are good mainly fo r  i l lu s t r a t io n  purposes.

Recommendation

Drop measurement.

52



Recommended Data Reduction

Rim thickness -  Average 2 measurements per wheel.

O rig in a l data po ints -  16 
Reduced data po ints -  8

Flange height -  Average 2 measurements per wheel.

O rig in a l data po in ts  -  16 
Reduced data po ints -  8

Flange width -  Average 2 measurements per wheel.

O rig in a l data po ints -  16 
Reduced data po ints -  8

Circumference -  No reduction

O rig in a l data po ints -  8 
Reduced data po ints -  8

Tread thickness -  Drop measurement.

O rig in a l data po ints -  16 
Reduced data po ints -  8

P ro f ile s  -  Not saved in data f i l e .

FN1000 Wheel Outside to  Outside Distance 

I n i t i a l  inventory only

FV1000 -  Body Center P la te

Sections 2 .6 .3 ,3 .4 .1 0 ;  Figure 2.17  
Lower Diameter -  1D-2D

Upper Diameter -  1D-2D

Upper Minimum Diameter -  1U

Upper Wear Axis Angle -  1K
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Lower Minimum Diameter -  1L

Lower Wear Axis Angle -  1K

Body center p la te  measurements proved to  be d i f f i c u l t  to  make and 
were dropped e a r ly  in th e  program.

FW0000 Body Side Bearing  

Section 3 .4 .1 0 ;  Figure 3.15  

Body Side Bearing Thickness -  1T

Measurement taken w ith  an u ltra s o n ic  thickness gage and a loca tion  
tem plate .

Evaluation

Simple measurement but i t  is  not c le a r how valuab le i t  is .

Recommendation

Drop measurement.

Recommended Data Reduction

Body side bearing th ickness -  D iscontinue measurement.

O rig in a l data po ints -  8 
Reduced data po in ts  -  0

FZ0000 -  S-2 HD/C-PEP Free and Compressed Height 

Section 3 .3 .4 .3 ;  Figure 3 .4  

Free Height -  1F

Distance between th e  bottom surface of the  b o ls te r  center p la te  and 
the top o f the pads when the truck  is  out from under the c a r.

Compressed Height -  1C
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Free height minus the distance beween the car body center p la te  and 
the car side bearing su rface.

Evaluation

I t  is  a measurement on an e la s t ic  media which is by nature inn acu rate .

Recommendation

Drop measurement.

Recommended Data Reduction

Free height -  D iscontinue measurement.

O rig in a l data po ints -  4 
Reduced data po ints -  0

Compressed height -  D iscontinue measurement.

O rig in a l data po ints -  4 
Reduced data po ints -  0

ZCOOOO -  National Swing Motion Rocker Seat 

Section 3 .3 .4 .1 ;  Figure 3 .2  

Trunion Thickness -  1T

Thickness measured a t the p o in t o f maximum wear across the c e n tra l 
v e r t ic a l axis using d ia l c a lip e rs .

Evaluation

The measurement is  s tra ig h tfo rw ard  but the  exact location  is  a 
judgement.

Recommendation

Take f in a l  measurement only.

Bearing Thickness -  1B
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Thickness measured a t the p o in t of maximum wear across the c e n tra l 
v e r t ic a l  axis using d ia l c a lip e rs .

Evaluation

The measurement is  s tra ig h tfo rw a rd  but the exact lo ca tio n  is  a 
judgement.

Recommendation

Take f in a l  measurement on ly .

Recommended Data Reduction

Trunion thickness -  No reduction .

O rig in a l data po ints -  8 
Reduced data po ints -  8

Bearing thickness -  No reduction .

O rig in a l data po ints -  8 
Reduced data po ints -  8

ZC1000 -  Dresser DR-1 S teering  Arms 

Section 3 .3 .4 .2

S haft H orizon ta l Diameter -  1H-2H 

S haft V e r t ic a l Diameter -  1V-2V 

The minimum diam eter is  measured w ith  d ia l c a lip e r .

Evaluation

Measurements seem of lim ite d  usefulness

Recommendation

Drop measurements.
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Bushing H orizon ta l Diameter -  1H-2H 

Bushing V e r t ic a l Diameter -  1V-2V 

Minimum diameters are measured w ith  a d ia l c a lip e rs .

Evaluation

Measurements seem o f lim ite d  usefulness.

Recommendation

Discontinue measurement.

Recommended Data Reduction

S haft h o rizo n ta l diam eter -  D iscontinue measurement.

O rig in a l data points -  2 
Reduced data points -  0

Shaft v e r t ic a l  diam eter -  D iscontinue measurement.

O rig in a l data points -  2 
Reduced data points -  0

Bushing h o rizo n ta l diam eter -  D iscontinue measurement.

O rig in a l data points -  2 
Reduced data points -  0

Bushing v e r t ic a l diam eter -  D iscontinue measurement.

O r ig in a l data points -  2 
Reduced data points -  0
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ZC20000 -  DR1 Elastom eric Pad Free Heights 

Section 3 .3 .4 .2  

Pad Height L e ft -  1A 

Pad Height Right - 1B 

Height measured w ith  a d ia l c a lip e r .

Evaluation

Measurement on a n o n -r ig id  surface and thus in h e re n tly  weak.

Recommendation

Drop measurements.

Recommended Data Reduction

Pad height l e f t  -  D iscontinue measurement.

O rig in a l data po ints -  8 
Reduced data po ints -  0

Pad height r ig h t  -  D iscontinue measurement.

O rig in a l data po ints -  8 
Reduced data po ints -  0

ZC3000 -  Barber S cheffe l Elastom eric Shear Pad Free Heights

Section 3 .3 .4 .4
Outer Pad Height Axle Side -  1A 

Outer Pad Height Strap Side -  1S 

Inner Pad Height Axle Side -  2A 

Inner Pad Height Strap Side -  2S

Thickness o f pad measured a f te r  disassembly.
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E v a l u a t i o n

I t  i s  a  m e a s u r e m e n t  o n  a  n o n - r i g i d  s u r f a c e  a n d  n o t  c l e a r l y  
r e f e r e n c e d .

R e c o m m e n d a t i o n

D r o p  m e a s u r e m e n t s .

R e c o m m e n d e d  D a t a  R e d u c t i o n

O u t e r  p a d  h e i g h t  a x l e  s i d e  -  D i s c o n t i n u e  m e a s u r e m e n t .

O r i g i n a l  d a t a  p o i n t s  -  8  
R e d u c e d  d a t a  p o i n t s  -  0

O u t e r  p a d  h e i g h t  s t r a p  s i d e  -  D i s c o n t i n u e  m e a s u r e m e n t .

O r i g i n a l  d a t a  p o i n t s  -  8  
R e d u c e d  d a t a  p o i n t s  -  0

I n n e r  p a d  h e i g h t  a x l e  s i d e  -  D i s c o n t i n u e  m e a s u r e m e n t .

O r i g i n a l  d a t a  p o i n t s  -  8  
R e d u c e d  d a t a  p o i n t s  -  0

I n n e r  p a d  h e i g h t  s t r a p  s i d e  -  D i s c o n t i n u e  m e a s u r e m e n t .

O r i g i n a l  d a t a  p o i n t s  -  8  
R e d u c e d  d a t a  p o i n t s  -  0

Z C 4 0 0 0  -  M a x i r i d e  S p r i n g  C a p  

S e c t i o n  A - 3 . 5 ;  F i g u r e  A - 1 4  

O u t b o a r d  C a p  P i n  D i a m e t e r  -  1 0  

I n b o a r d  C a p  P i n  D i a m e t e r  -  1 1  

M i n i m u m  d i a m e t e r  o f  p i n  m e a s u r e d  w i t h  a  d i a l  c a l i p e r .

E v a l u a t i o n

T h e r e  i s  n o  c l e a r  r e f e r e n c e .
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R e c o m m e n d a t i o n

T a k e  f i n a l  m e a s u r e m e n t  o n l y .

O u t b o a r d  L o a d  L i n k  I n s i d e  L e n g t h  -  20 
I n b o a r d  L o a d  L i n k  I n s i d e  L e n g t h  -  21 

I n s i d e  l e n g t h  m e a s u r e d  w i t h  a  d i a l  c a l i p e r s .

E v a l u a t i o n

S t r a i g h t f o r w a r d  m e a s u r e m e n t .

R e c o m m e n d a t i o n

T a k e  f i n a l  m e a s u r e m e n t s  o n l y .

R e c o m m e n d e d  D a t a  R e d u c t i o n

O u t b o a r d  c a p  p i n  d i a m e t e r  -  N o  r e d u c t i o n .

O r i g i n a l  d a t a  p o i n t s  -  8  
R e d u c e d  d a t a  p o i n t s  -  8

I n b o a r d  c a p  p i n  d i a m e t e r  -  N o  r e d u c t i o n .

O r i g i n a l  d a t a  p o i n t s  -  8  
R e d u c e d  d a t a  p o i n t s  -  8

O u t b o a r d  l o a d  l i n k  i n s i d e  l e n g t h  -  N o  r e d u c t i o n .

O r i g i n a l  d a t a  p o i n t s  -  8  
R e d u c e d  d a t a  p o i n t s  -  8

I n b o a r d  l o a d  l i n k . i n s i d e  l e n g t h  -  N o  r e d u c t i o n .

O r i g i n a l  d a t a  p o i n t s  -  8  
R e d u c e d  d a t a  p o i n t s .  -  8
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T h e  r e c o m m e n d e d  d a t a  r e d u c t i o n s  l i s t e d  a b o v e  w o u l d  r e s u l t  i n  a  
s i g n i f i c a n t  d e c r e a s e  i n  t h e  n u m b e r  o f  d a t a  p o i n t s  w h i c h  w o u l d  h a v e  t o  b e  
s t o r e d  i n  a  d a t a  f i l e  o f  t h e  w e a r  m e a s u r e m e n t s .  I f  a l l  o f  t h e  
r e c o m m e n d a t i o n s  w e r e  f o l l o w e d ,  t h e  n u m b e r  o f  d a t a  p o i n t s  t o  b e  s t o r e d  i n  a  
r e a d i l y  a c c e s s i b l e  f o r m  w o u l d  b e  r o u g h l y  o n e  q u a r t e r  o f  t h e  n u m b e r  t o  b e  
s t o r e d  i f  a l l  o f  t h e  r a w  m e a s u r e m e n t s  w e r e  m a i n t a i n e d  f o r  a n a l y s i s .  T h e s e  
r e d u c t i o n s  a r e  s u m m a r i z e d  b e l o w  i n  t a b l e  V - 1 .  T h e  r e c o m m e n d a t i o n s  f o r  t h e  
m o s t  p a r t  a r e  b a s e d  o n  a v e r a g i n g  i n d i v i d u a l  d a t a  p o i n t s  o v e r  a  w e a r  
s u r f a c e .  I t  i s  c o n c e i v a b l e  t h a t  s o m e o n e  m i g h t  w i s h  t o  l o o k  a t  i n d i v i d u a l  
w e a r  p o i n t s  o n  t h a t  s u r f a c e ,  h o w e v e r ,  t h e  c o s t  o f  k e e p i n g  t h i s  d a t a  i n  a  
r e a d i l y  a c c e s s i b l e  f o r m  i s  h i g h .  I f  i n d i v i d u a l  p o i n t s  a r e  d e s i r e d ,  t h e  
d a t a  w o u l d  s t i l l  b e  a v a i l a b l e  b y  g o i n g  t o  t h e  r a w  d a t a  s h e e t s  a n d  
e x t r a c t i n g  o n l y  t h a t  i n f o r m a t i o n  w h i c h  i s  d e s i r e d .

T a b l e  V - 1 .  S u m m a r y  o f  R e c o m m e n d e d  D a t a  S t o r a g e  R e d u c t i o n

T r u c k  T y p e  : N u m b e r  o f  O r i g i n a l  
D a t a  P o i n t s

N u m b e r
D a t a

o f  R e d u c e d  
P o i n t s

N a t i o n a l  S w i n g  M o t i o n  : 1 1 9 4 3 5 0

B a r b e r  S - 2 - C  : 9 7 8 2 6 6

D r e s s e r  D R - 1  : 9 0 6 2 1 6

B a r b e r  S - 2 - H D  w i t h  C - P E P  : 9 3 8 2 6 4

A S F  R i d e  C o n t r o l  . : 9 5 4 2 6 6

B a r b e r  S c h e f f e l  : 9 6 2  . . 2 6 4

M T S  M a x i  r i d e  : 8 1 8 2 1 8
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