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EXECUTIVE SUM M ARY

T h e A ssoc ia tion  o f  A m erican  R ailroads (A A R ), T ransportation T est C enter (T T C ),

P u eb lo , C olorado, conducted  veh icle  perform ance tests on  the P eacek eep er  R a il G arrison  

(P K R G ) E ngin eerin g  M od el (E M ) F u el Car under contract w ith  the F ed era l R ailroad  

A dm inistration  (F R A ). T ests w ere perform ed in  accordance w ith test practices and criteria  

set forth  in  C hapter X I  o f  th e A ssociation  o f  A m erican  R ailroad’s (A A R ), Manual o f Stan

dards and Recommended Practices (M-1001). F u el Car perform ance did n o t fa ll w ith in  

C hapter X I criteria, esp ecia lly  for the half-loaded and un load ed  configurations, indicating  

the possib ility  o f  u n safe  car perform ance.

T h e overa ll objective o f  this test program  w as to  exam ine the suitability o f  a ll pro to 

type P K R G  cars to  railroad service through veh ic le  characterization, m odeling, and static  

and dynam ic on-track testing. T he PK R G  train includes tw o G P 40 locom otives, a  fu e l car, 

a  m ain tenance car, tw o security cars, two m issile  launch cars, and a launch control car.

T his report deta ils the perform ance o f  the F u el Car as tested  and exam ines its su itability  

insofar as railroad service. A ll tests are sum m arized in  th e m ain  body o f  this report; ind i

vidual report docum ents, w hich contain the details o f  all tests, are included as attachm ents.

T h e  P K R G  F u e l Car is a  74,100 pound (un loaded) conventional tank car w ith  a  

21,644 gallon , 5 /8 -in ch -th ick  shell tank that is in tended  to  carry d iese l fu el for th e  P K R G  

consist. T h e  car w as tested  w ith the brake end o f  the car lead in g  in  three d iscrete configu

rations: (1 ) load ed , (2 ) half-loaded, and (3) un loaded. (P redictions for the load ed  and  

un load ed  test reg im es w ere  generated  by the A A R ’s, N ew  and U n tried  Car A nalytic  

R eg im e S im ulation  (N U C A R S ) veh icle dynam ics com puter m od el.)



T h e F u e l Car track w orthiness testing  included  portions o f  C hapter X I for loaded , 

half-loaded, and un loaded  configurations (D ocu m en t 1). A lthough th e load ed  configura

tio n  perform ed acceptably in  m ost o f  the tests, the sam e tests proved  to  h e  difficult for *'

som e o f  th e half-loaded  and alm ost all o f  th e  u n loaded  operations.

T h e F u e l Car had no  difficulty negotia ting  the P itch and B ou n ce T est, the H unting v

T est, and th e  Y aw  and Sway Test; how ever, th e yaw  and sway facility had perturbations 

w ith  20-percent less am plitude than C hapter XI, requires. T he F u el Car exceed ed  guideline  

criteria in  all o f  the follow ing on-track tests in  at lea st on e  configuration: J ' '

•  T urnout and Crossover

•  T w ist and R o ll

•  D ynam ic Curving

•  C onstant Curving

•  Spiral N egotia tion

T he static and quasi-static truck characterization  data seem ed  reasonab le b ased  on  

experience w ith  other types o f  th ree-p iece  trucks (D ocu m en t 2). T he static longitudinal 

stiffness and axle yaw stiffness w ere u sed  for N U C A R S  predictions. T h e quasi-static  

exam inations show ed a lateral variation  b e tw een  the trucks; also, a  variation  b e tw een  the  

right side dam ping and stiffness and th e le ft side dam ping and stiffness w as found. M odal 

param eters w ere  found for a ll three configurations.

N o  suspension  separation, w h e e l lift, or perm anent deform ation  o f  th e  car body was
*

se e n  during the Curve Stability T est o f  th e  un load ed  F u el Car. -r

T he static brake tests show ed that the F u el Car braking system  perform ance w as
■f

w ith in  A A R  specifications for both  th e  air brake system  and the hand brake system  (D o cu 

m e n t ^ .
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1.0 INTRODUCTION

T he A sso c ia tio n  o f  A m erican  R ailroads (A A R ), Transportation T est C enter (T T C ), P ueb lo ,

| C olorado, has contracted  w ith  the Federal R ailroad A dm inistration (F R A ) to  perform  veh ic le

perform ance tests on  th e  P eacek eep er R ail G arrison (P K R G ) rail cars according to  specifi-
V

cations in  C hapter X I, A A R ’s M -1001, Manual o f Standards and Recommended Practices. 

T h ese  tests are designed  to  provide the F R A  and U n ited  States A ir F orce (U S A F ) w ith  

structural and veh ic le  dynam ic perform ance data for each  car and for the assem bled  train.

This report describes tests perform ed on  the P K R G  F u el Car. T h e F u e l Car w as on e  

o f four P K R G  cars tested  at TTC.

T h ese  tests inclu de static (air bearing) and quasi-static truck characterization, veh ic le  

dynam ic (m od al) characterization, rail car service w orthiness testing, and track w orthiness  

testing. Static  brake tests w ere  also perform ed to  verify the braking capabilities o f  th e  cars.

This is th e  final report o f  the E ngineering M odel (E M ) P K R G  F u el Car (T B C X -90001) 

testing. A ll tests and results are sum m arized here; individual report docum ents, w hich contain  

th e details o f  appropriate tests, are attached. T he follow ing docum ents w ill b e  referred to  

throughout this report. 1
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T h e P K R G  F u el Car is a  74,100 pound (u n loaded) conventional tank car w ith  a  21,644  

gallon, 5 /8 -in ch -th ick  shell tank that is in ten d ed  to  carry d iesel fu el for th e  P K R G  consist.

T he car w as tested  w ith the brake end  o f  th e car as the reference in  three d iscrete configu- *

rations: loaded , half-loaded, and un loaded . (P redictions for the load ed  and u n load ed  test ^

regim es w ere generated  by the A A R ’s, N ew  and U n tried  Car A nalytic R eg im e  S im ulation ;

(N U C A R S ) veh ic le  dynamics com puter m od el.)

F igure 1.1 is a  photograph o f  the F u el Car (T B C X -90001).

Figure 1.1 F u el C ar (TBC X-90001)
ft.

2



2.0 OBJECTIVES

T he fo llow ing objectives w ere accom plished to  com plete  th e E M  F u el Car’s testing.

T he m ain  objective w as to docum ent the F u el Car’s track w orthiness in  load ed , half- 

load ed  and u n load ed  configurations, referencing criteria described by C hapter X I. T he pri

m ary m easurem ent o f  safety as described by Chapter X I is the ratio o f  the lateral to  vertical 

w h e e l force  ( L /V  ratio). T he veh icles perform ance w as m onitored  for th e  fo llow ing  test 

conditions:

•  L ateral Stability on  Tangent Track (H unting)

•  C onstant Curving 

• S p ir a l  N egotia tion

•  T w ist and R o ll

•  P itch  and B ounce

•  D ynam ic Curving 

• Y a w  and Sway

•  Turnouts and Crossovers t

V eh ic le  perform ance w as com pared to, but not lim ited by, T able 11.1 o f  C hapter X I.

A  secon d  objective w as to characterize the car body and suspension  in  accordance w ith  

procedures se t forth  in  A ppendix B  o f  Chapter XI.

C haracterization  tests w ere perform ed to  m easure the static suspension  characteristics 

(air bearing) and the quasi-static suspension  characteristics (truck characterization on  

M ini-Shaker U n it (M S U )) o f  the two 100-ton conventional th ree-p iece trucks that w ere  used  

under the F u e l Car (D ocu m en t 2). T he characteristics w ere u sed  in  N U C A R S  to  predict 

on-track dynam ic perform ance.
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Pitch and B ounce

U p p er and L ow er C entered  R o ll ?

Y aw  and Sway

V ertica l and L ateral B ending

L ongitudinal T orsion (T w ist) , /  : .

F u e l S losh Frequency

A  further objective was to  determ ine the static stability o f  the car under sp ecified  bu ff  

and draft loads in  a curve; refer to  the Service W orthiness /  Curve Stability R eport, D ocu -  

m ent 3. ; ;,

A nother obj ective was to determ ine static brake shoe forces w h en  various brake cylinder 

pressures w ere applied; refer to th e Static B rake R eport, D ocu m en t 4.

3.0 TEST D E SC R IP T IO N /P R O C E D U R E S

T est procedures are presented  in  the appropriate attached docum ents. T h e d eta iled  (m ade  

for U n ited  States A ir F orce (U S A F )) procedures for a ll tests are included  in  th e  R eport 

Procedure, D ocu m en t 5.

T he criteria for the track w orthiness testing is b ased  u p on  la tera l and vertica l w h ee l 

forces, car body acceleration, and car body roll angle. T h ese  criteria are listed  in  A ppendix  

A  o f  ithe Track W orthiness R eport, D ocu m en t 1.

T here are n o  criteria for the veh ic le  characterization tests.

Characterization tests were also performed to determine the dynamic mode parameters

of the Fuel Car (see modal response part of Document 2) to include:

4



T h e criteria for the Service W orthiness T est are visual.

T h e criteria for th e Static Brake T ests are based  on  safety standards specified  by the  

A A R  Standard S-486.

4 .0  IN ST R U M E N T A T IO N

Instrum entation  u tilized  for a particular test is included in  the appropriate attached docum ent.

5.0 R E SU L T S SU M M AR Y

5.1 TRACK  W O R T H IN E SS SUM M ARY

T he F u e l Car track w orthiness testing included portions o f  C hapter X I for loaded , half-loaded, 

and u n load ed  configurations. A lthough the loaded configuration perform ed acceptably in  

m ost o f  th e  tests, th e  sam e tests proved to b e  difficult for som e o f  th e half-loaded  and alm ost 

a ll o f  the u n load ed  operations. T he results are sum m arized below : 1

1. H unting:

H a lf-load ed  and un loaded conditions w ere tested  and found to  b e  w ith in  C hapter  

X I lim its. T he constant contact side bearings m ay have provided  the in fluence  

necessary  to  establish  the F u el Car’s lateral stability, especially  in  th e un load ed  case.

2. Y aw an d  Sway:

L oad ed  and half-loaded conditions w ere tested  and found to  b e  w ith in  C hapter X I  

lim its. T h e  am plitudes o f  the perturbations o f  the Y aw  and Sway facility are 20  

p ercen t less  than required by Chapter XI; therefore, th e ind ication  o f  stability m ay 

b e  inconclusive.
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3. P itch  and Bounce:

A ll configurations w ere tested  and found to  b e  w ith in  C hapter X I lim its. E v en  though  

the perturbations are a i 39-foot intervals and the truck center spacing o f  the F u e l  

Car w as 35 fe e t 5 inches, the resonant sp eed  produced  only slight instability.

4. T urnouts and  Crossovers:

In general, the "tighter" turnouts w ere m ore difficult to  negotia te  than th e  crossovers  

for all configurations. T he un loaded  configuration exceed ed  gu id elin e  .criteria in  

m ost turnout and crossover runs, w h ile  th e  half-loaded  car exceed ed  th e criteria in  

turnouts. T h e loaded,car m et th e criteria. , u j  i,

5. Twist and R oll:

A ll ro ll resonances agreed  w ith calcu lations b ased  on  the natural roll frequencies  

found during m odal response testing. T h e  perturbations (39-foot staggered  w ave

lengths) w ere  effective iii inducing roll resonan ce due to  the truck cen ter spacing o f  

the car. -V

T he load ed  case did not exceed  the criteria, but exhibited roll resonan ce at 24  m ph, 

w hich corresponds to the roll frequency o f  about 0.9 H z  found in  m od al respon se  

testing. • .. . ; ■ ' ,v>. , ,

A  1.6 percent m inim um  vertical w h ee l load  for a  duration o f  50  m illisecon d  at 28  

m ph, w hich  corresponds to  1.125 H z  found in  m odal analysis, stopped  th e testing in  

the half-loaded  case. T here was a notab le  resonan ce at about 13 m ph. T his sp eed  

i correlates to  the first resonant fu el slosh ing frequency (0.5 H z) found in  th e  m od al 

response exam ination o f  the half-loaded  car.

A t 26  m ph, the un loaded  testing w as stopp ed  due to a 3 percent m in im um  vertical 

w h ee l load  w hich exceed ed  criteria w ith  a 51 m illisecon d  duration. T h e  expected  

critical sp eed  w as 33 m ph due to  th e 1.25 H z  roll frequency found in  m od al analysis 

o f th e u n loaded  car; therefore, a w ide band  o f  instability from  approxim ately 26 m ph  

to  approxim ately 40 m ph existed for the u n loaded  car in  the twist and roll test.
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D ynam ic Curving:
:: s H  : I'-./iii--,. : K ' v - A  .= >.

D ynam ic curving com bines twist and roll inputs, track gage variations, and curving

inputs in  a  single test. T he load ed  par exceeded  the criteria in  this test scenario.

O nly three o f  the n ine speed  conditions tested  did not exceed  th e axle sum  L /V

criterion.

; T h e  half-loaded  condition  w as tested  first in  th e counterclockw ise (C C W ) direction  

and th eh  in  th e  clockw ise (C W ) direction. A n  axle sum  L /V  o f  1.52 at 10 m ph  

can celled  furthef testing in  the CC W  direction, in  the; CW  direction, gu id elines w ere  

n ot surpassed; how ever, testing w as term inated at 14 m ph due to  w hat appeared to  

b e  exceed ed  criteria.

T esting  o f  the un loaded  car w as not planned. D u e  to  tw ist and ro ll perform ance, it 

is probab le that criteria w ould  have b een  exceeded. ■:<

C onstant C urving 7.5-Degree:

L oad ed  and half-loaded  conditions w ere tested  and found to  b e  w ith in  C hapter X I  

■ ' lim itations. ;V '"; py~
:• =. ..bx-iA';/■ ,xa’ : ' a .

In  th e u n loaded  condition, although the 95th percentile  lim itation  w as n o t surpassed  

for w h e e l and axle sum  L /V ’s, w h ee l lift did occur at 32  mph: M inim um  vertical 

: w h e e l load  is n o t part o f  the official lim iting criteria for constant curving, but w h eel 

lift is judged to  be unacceptab le. T he 7.5-degree curve rails are jo in ed  at staggered  

39-foot spacings. T he 32 m ph w h ee l lift speed  is very close  to  th e 1.25 H z  resonant 

ro ll frequency (33 m ph) found in the m odal response testing o f  the u n loaded  F u el 

Car.

C onstant C urving 12-Degree:

-  N o  problem s w ere found for the loaded  and half-loaded configurations, bu t at 16 

m ph w ith  the car half-loaded, the 95th percentile w h eel L /V  w as 0.78 w hich is c lose  

to  the 0.80 L /V  lim itation. K -

T estin g  w as term inated  after the first run at 16 m ph during th e u n load ed  test due to  

high w h ee l L /V  occurrence.

7



9. Sp iral N egotiation:

Curve entry and curve exit perform ances w ere  acceptab le  in  the 7 .5-d egree curve 

for a ll configurations o f  test.
, . ' t ■ : ' '

In  the 12-degree curve, the bunched spiral (B S ) at exit (C W ) produced a  0.89 w h ee l 

L /V  w ith  150 m illiseconds over the criteria in  the load ed  condition; the B S at entry  

(C C W ) for the half-loaded configuration induced a  w h ee l L /V  o f  0.86 w ith  50  m il

liseconds o f  exceed ed  criteria.

T he half-loaded  configuration in  th e 12-degree curve had a  m inim um  vertical w h ee l 

load  o f  7  percent w ith  50 m illiseconds o f  exceed ed  criteria in  th e conventional spiral 

(C S) at entry during the 32 m ph CW  run.

T he 12-degree un loaded  CW  run at 16 m ph exceed ed  L /V  criteria several tim es at 

entry (C S) and in  the B S at exit.

10. U neven W heel L oads Observed:

Throughout the track w orthiness testing, an  u n even  w h ee l loading, in  a  tw ist m anner, 

was w itn essed  in  the car. This m ay have affected  the car in  track w orthiness testing. 

A  separate report, called  the Taguchi EM  Fuel Car Experiment Report, describes an  

investigation  into  the u n even  w h ee l load ing that w as inherent in  the F u e l Car car 

body, how ever, no  conclusions w ere m ad e about its affect to  the car’s track p er

form ance.

5.2 CHARACTERIZATIO N TESTIN G

T here are n o  criteria lim its set on  th e m easured car body and suspension  characteristics. 

T h ese  tests are d on e to  determ ine engineering values for the suspension  in  support o f  the  

veh ic le  sim ulator com puter program  N U C A R S . N U C A R S  w ill b e  u sed  to  m ake dynam ic  

perform ance predictions for the F u el Car track w orthiness tests.

T he characterization report is included as D ocu m en t 2  o f  this report.

8



5.3 M O D A L  R E SP O N S E  SUM M ARY

D u e  to  the fact that all o f  th e C hapter X I perturbations are bu ilt w ith  rep ea ted  39-foot 

w avelen gth  deviations, it is p ossib le  to  predict the speed  likely  to  excite  resonan ce for each  

bod y m od e. A  natural frequency o f  2.63 H z  w ould b e  induced due to  a  reson an ce at 70  

m ph. T h e speed s o f  in terest, in  track w orthiness, are from  about 10 m ph to  70  m ph; th ere

fore, frequencies above 2.63 H z  w ould not induce resonance at any sp eed s tested  and  

w ould  n o t b e  o f  concern  on  track.

T h e  m od al analysis o f th e  F u el Car, utilizing Structural M easu rem en t System s’ software, 

p resen ted  the fo llow ing dynam ic m odes:

1. B ou n ce  resonant frequencies w ere found at 2 .0  (53 m ph), 3.875, and 2.875 H z  

for the loaded , un loaded, and half-loaded configurations, respectively.

2. P itch  approxim ate resonant frequencies w ere found at 4.5, 4.75, and 4.625 H z  

for the loaded , un loaded , and half-loaded configurations, respectively.

3. R o ll (low er center) w as found at 1.00, 1.25, and 1.125 H z  for the loaded , 

unloaded , arid half-loaded configurations, respectively. T his w ou ld  equate to  

resonan ce speeds o f  26.5, 33.2, and 29.9 m ph for th e three conditions on  the  

tw ist and roll track.

4. R o ll (upper center), for all cases, w as not determ ined.

5. Sway resonant frequencies w ere found at 1.5 H z  (40  m ph) and 1.625 H z  (43 

m ph) for the load ed  and half-loaded configurations, respectively . Sway w as not 

found  for the un loaded  configuration.

6. Y aw  w as found at 5.625 and 5.0 H z for the u n loaded  and ha lf-load ed  conditions, 

respectively. Y aw  w as n ot found in  the half-loaded  configuration.

9



7. The first car body vertical bending frequency was found at 10.6, 18.875, and 

15.125 H z for the loaded, unloaded, and half-loaded configurations, respec

tively. A n  unexpected vertical flex mode was found at 8.375,16.25, and 11.875 

H z for the loaded, unloaded, and half-loaded configurations, respectively.

8. The first car body torsional frequency for all cases was not determined.

9. Lateral car body bending was found at 11.25,19.0, and 14.625 H z for the 

loaded, unloaded, and half-loaded configurations, respectively. A n  unexpected 

lateral flex mode was found at 8.75,16.0, and 11.5 H z for the loaded, unloaded, 

and half-loaded configuration, respectively.

10. Natural frequency o f the diesel fuel sloshing was found to be 0.5 Hz. This cor

responds to about 13 mph on the twist and roll track. ;

5.4 SERVICE WORTHINESS/CURVE STABILITY SUMMARY ! |;

The unloaded Fuel Car met guideline criteria for both buff and draft tests; there was no car 

body suspension separation or wheel lift. ,

5.5 STATIC BRAKE TEST SUMMARY

The braking ratio found during the instrumented brake shoe test showed i the car to  be 

acceptable for interchange. : i

10



6.0 C O N C L U S IO N S

1. The Fuel Car did not perform within the Chapter X I track worthiness guide

s' lines in several test regimes. Chapter XI states that values worse than the crite-

«. ria outlined in this report are regarded as indicating a higher likelihood of

unsafe car performance. One main reason for such poor performance was the 

truck spacing. The twist and roll, yaw and sway, pitch and bounce, and dynamic 

curve test sections contain perturbations of 39-foot wavelengths. The Fuel Car, 

with 35-foot 5-inch truck centers, was very sensitive to those particular pertur- 

bated wavelengths. The sensitivity was compounded as the load o f the cm went 

from maximum to minimum.

2. The vehicle characterization data seemed reasonable and was similar to that 

obtained for other cars. The results o f vehicle characterization were success

fully integrated into N U C A R S and the predictions for on-track testing were 

made. In general, predicted performance was better than measured 

performance.

3. The unloaded Fuel Car exhibited no wheel lift or suspension separation during 

the Curve Stability Test.

A 4. The static brake tests showed that the Fuel Car’s braking system was within 

A A R  specifications.

u



7.0 R E C O M M E N D A T IO N S

1. Post test modeling should be performed to reconcile measured and predicted 

performance, and to examine the car’s performance in the testing scenarios 

which were terminated when testing exceeded Chapter X I criteria. Predictions 

should be made for yaw and sway, with the actual perturbations as input, and a 

correlation should be made between the predictions and the results that were 

found on the "as tested" yaw and sway track.

2. Improvements to the vehicle system, which would bring its performance to 

acceptable levels, should be determined.

3. The improved Fuel Car should be re-tested to verify performance.

12
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1.0 IN T R O D U C T IO N

The Association o f Am erican Railroads (A A R ), Transportation Test Center (TTC), Pueblo, 

Colorado, has contracted with the Federal Railroad Administration (FR A ) to perform  vehicle 

performance tests on the Peacekeeper R ail Garrison (PK R G ) rail cars according to specifi

cations in A A R ’s, M anual o f Standards and Recommended Practices, Chapter X I (M-1001). 

A ll tests are referenced to sections in Chapter XL

These tests include static and quasi-static truck characterization, vehicle dynamic 

(modal) characterization, rail car service worthiness testing, and track worthiness testing. The 

vehicle characterization was covered in two separate reports. This report covers only the 

track worthiness testing of the P K R G  Fuel Car (TBCX-90001).

The P K R G  Fuel Car is a 74,100 pound (unloaded) conventional tank car with a 21,644 

gallon, 5/8-inch-thick shell tank that is used to carry diesel fuel for the P K R G  consist. The 

car was tested with the brake end of the car leading in three discrete configurations: loaded, 

half-loaded, and unloaded. A t A ir Force direction, predictions for the loaded and unloaded 

test regimes were generated by the A A R ’s, New and Untried Cars Analytic Regim e Simulation 

(N U C A R S) vehicle dynamics computer model to help predict the stability of the car in on-track 

regimes and to be used as a guide during on-track testing.



2.0 O B JE C T IV E

The objective o f track worthiness testing was to measure the performance o f the Fuel Car as 

described by Chapter XI.

Chapter X I is designed to provide a severe but realistic test for freight vehicles. Individual 

tests have been tailored to excite the vehicle dynamic modes which have been associated with 

poor performance in the past. The test conditions in Chapter XI do not exceed those which 

can be encountered in normal railroad operation.

The vehicle performance will be referenced to published criteria set forth in table 11.1 

o f Chapter X I (see Appendix A ) for the following test conditions:

•  Lateral Stability on Tangent Track (Hunting)

•  Constant Curving

•  Spiral Negotiation

• Twist and R oll

• Pitch and Bounce

•  Dynamic Curving

•  Y aw  and Sway

• Turnouts and Crossovers



3.0 P R O C E D U R E

Figure 3.1 shows the location o f all of the Track Worthiness Test sections. D etailed Fuel Car 

Track Worthiness Test procedures may be found in Appendix B.

>J.i Jj 5 i

Figure 3.1 Chapter XI Track Worthiness Test Facilities
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3.1 P IT C H  A N D  B O U N C E  (L O A D E D , H A L F -L O A D E D 1)

The Pitch and Bounce Test is designed to determine the dynamic pitch and bounce response 

of rail cars as they are excited by vertical inputs from the track. The criteria for this test is a 

minimum vertical wheel load o f 10 percent of the static wheel load sustained for 50 milli

seconds.

The pitch and bounce testing was conducted on the Precision Test Track (P IT ). The 

test section is between stations 1716 + 00 and 1719 + 90. This section o f track is shimmed to 

represent parallel 0.75-inch vertical deviations at 39 foot intervals, shown in Figure 3.2. The 

Pitch and Bounce Test follows the procedure listed in Section 11.6.3 o f Chapter XI.

■ P I T C H '  A N D .  

B O U N C E

0 . 7 5  I N .

3 9  F T .

4 0 0 - F T . - T A N G E N T  
T R A C K

Figure 3.2 Pitch and Bounce Section

%
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The test consist included one locomotive, the T-7 Instrumentation Car, the Fuel Car, 

and an empty flatcar (see Figure 3.3).

T - 7  FC FLATCAR

Fr-
( )

m ttlttflu 03© '---- ---- " 0s© cm cm i

Figure 3.3 Pitch and Bounce Test Consist

Instrumented wheel sets were installed in the lead axle position o f each truck of the 

Fuel Car. Vehicle resonance of the loaded Fuel Car was predicted by N U C A R S at 55 

mph. Test runs were performed at 30, 40, 50, 55, 60, 65, 67, and 70 mph in the loaded con

figuration and 30, 40, 50, and 60 mph in the half-loaded condition. D ata collection began 

100 feet before the perturbed track section and ended 100 feet after the section.

3.2 TWIST AND ROLL (LOADED, HALF-LOADED, UNLOADED)

Twist and R oll Tests are conducted to determine the cars ability to. negotiate tangent track 

cross level deviations. These deviations were designed to excite the natural twist and roll 

motions o f the car. Three criteria are given for this test: maximum roll angle o f 6 degrees 

peak-to-peak, maximum axle sum lateral force over vertical force (L/V ) o f 1.3 sustained for 

50 milliseconds, and a minimum vertical wheel load of 10 percent of the static wheel load 

sustained for 50 milliseconds.

'5



The twist and roll testing followed Section 11.6.2 of Chapter X I and was conducted on 

the F I T  at stations 1646+10 to 1650+90. These sections o f the F I T  were shimmed to rep

resent staggered cross level deviations of 0.75 inches at 39-foot intervals (see Figure 3.4).

T W I S T .  A N D  R O L L

0 . 7 5  I N .

4 0 0 S - F T . - T A N G E N T

T R A C K

Figure 3.4 Twist and Roll Test Zone

1

Twist and roll testing was performed on the Fuel Car in all three configurations. R es

onant speeds found from (laboratory) modal response testing were 24,26, and 32 mph for 

the loaded, half-loaded, and unloaded configurations, respectively. Intended test speeds 

were 10 ,14 ,16 ,18 ,2 0 , 22, 24, 26, 30, 40,50, and 60 mph. Figure 3.5 shows the Twist and 

R oll Test consist.

6



T -  7 F C F L A T C A R

3.3 DYN AM IC CU RVIN G (LOADED, HALF-LOADED)

The Dynamic Curving Test is designed to determine the ability o f the car to negotiate track 

with simultaneous cross level (vertical) and gage (lateral) misalignments in a curve. Four 

safety criteria are used for this test: maximum wheel L / V  of 0.8 or maximum axle sum L / V  

of 1.3 sustained for 50 milliseconds, maximum roll angle of 6 degrees peak-to-peak, aiid 

minimum vertical wheel load of 10 percent of the static wheel load sustained for 50 milli

seconds.



The dynamic curving tests were conducted on the 10-degree curve (station 1+00 to 

3+50) o f the W heel/Rail Mechanisms (W RM ) track. The 10-degree curve is shimmed to 

provide maximum cross level deviations of 0.5 inches combined with lateral perturbations '

giving a maximum gage o f 57.5 inches and a minimum gage o f 56.5 inches (Figure 3.6). The 

Dynamic Curve Test is performed according to Section 11.6.5 o f Chapter XI. *

\ D Y N A M I C  C U R V I N G ]

1 0 -D E G R E E  C U R V E

CROSS LEVEL DEVIATIONS 1/2-INCI
39-FOOT WAVELENGTH

^ X X X X X X X X X X /  ] 4 A
COMBINED WITH 
GAGE DEVIATIONS

56.5 INCHES to 57.5 INCHES 
39-FOOT WAVELENGTH

HIGH RAIL 

LOW RAIL

Figure 3.6 Dynamic Curving Test Facility

Dynamic curving was performed in the loaded and half-loaded configurations. Test ^

runs were started at 10 mph and went up by increments o f two mph to the particular critical 

speed o f each configuration. A  loaded gondola was used as the buffer car. *
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3.4 C O N S T A N T  C U R V IN G  (L O A D E D , H A L F -L O A D E D , U N L O A D E D )

The Constant Curving Test utilized the 12- and 7.5-degree curves o f the W R M  track (Figure

3.7). The procedure for the Constant Curving Test is found in Section 11.5.3 o f Chapter XI.

'W

W H E E L / R A I L

M E  ( H A S  I S M  T R A  C K
CURVING TEST SECTIONS

Figure 3.7 Constant Curving Test Facility

The Constant Curving Test is designed to determine the car’s ability to negotiate nor

mal track curves. The 95th percentile of maximum wheel L / V  of 0.8 or maximum axle isum 

L / V  of 1.3 (Chapter XI, Table 11.1) is the written criteria.

(
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This test should verify that the car did not (1) have wheel climb, or (2) impart unusu

ally high lateral forces to the rails during curving. Test runs were performed at 3 inches 

underbalance, balance, and 3 inches overbalance speed of each particular curve. Speeds 

were calculated with the following formula:

S p e e d . = V  = yj 1 4 8 0 ^ ^

Where: U  = unbalance in inches

H  = superelevation in inches 

D  = curvature in degrees.

Table 3.1 shows balance speeds for each curve.

Table 3.1 Constant Curving Conditions

CURVE SUPER BALANCE +3 INCH -3 INCH
DEGREE ELEVATION SPEED SPEED SPEED

:.. • ;5 • (mph) (mph) (mph)
7.5 3 24.0 32.0 14.0

12 5 25.0 32.0 16.0

Each test speed was performed in both clockwise (CW ) and counterclockwise (CCW ) 

directions. A  loaded gondola was used as the buffer car.

y
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The Spiral Negotiation and W heel Unloading Tests were performed in conjunction with the 

Constant Curving Test. A  spiral is the transition from a curve to a tangent track. This transition 

includes changes in cross level and curvature. The purpose of the exaggerated bunched spiral 

is to twist the trucks and the car body as they would in transition from tangent track operation 

to curved track operation. A  nominal spiral has constant changes in curvature and elevation 

with distance. The bunched spiral has all of the elevation change (5 inches) bunched in the 

middle one-hundred feet of the 200-foot long spiral.

Chapter X I states that the minimum acceptable vertical wheel load is 10 percent o f the 

static wheel load and that the maximum wheel L / V  is 6.8 sustained for 50 milliseconds. The 

data was monitored to verify that no wheel lift occurred and that no extreme wheel forces 

were measured. Test speeds were the same as those used on the 7.5- and 12-degree curves. 

A s with constant curving, spiral negotiation was run in both C W  and C C W  directions. The 

entrance and exit spirals, including, but not limited to, the bunched spiral were analyzed^ 

Chapter X I only specifies the bunched spiral for official testing........ 1.

3.5 . S P IR A L  N E G O T IA T IO N  (L O A D E D , H A L F -L O A D E D , U N L O A D E D )

11



Turnout and Crossover Tests are not listed in Chapter XI, but were conducted to determine 

if  the car is able to negotiate standard turnouts and crossovers with a margin of safety in 

wheel/rail forces (Figure 3.8). A  turnout is an arrangement of a switch and frog with closure 

rails, by which cars may be diverted from one track to another; while, a crossover as shown 

in Figure 3.9 is an arrangement of two turnouts with the track between the frogs arranged to 

allow passage between two parallel tracks. The wheel/rail forces determine if  there is (1) a 

tendency for wheel climb, or (2) a tendency to induce unusually large lateral forces into the 

track. (

3.6 T U R N O U T  A N D  C R O S S O V E R  (L O A D E D )

Figure 3.8 Turnout or 1/2 of a Crossover

yf
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Switch No. 704 is a No. 8 turnout with a 15 mph speed limit. Test runs were per

formed at 10 mph and 15 mph in both directions.

The Crossover Test was performed on switch numbers 602A and B. The test zone is 

shown in Figure 3.9. Both were No. 15 turnouts with 35. mph speed limits. Test runs were 

performed at 15, 25, and 35 mph in both directions. The loaded gondola trailing buffer car

A  T ra c k  C o n d itio n in g  R u n  (T C R ) was conducted a t 5 m ph. T e s tin g  was conducted  on

th e  n o rth  tu rn o u t e n te rin g  and e x itin g  th e  U rb a n /R a il B u ild in g  (U R B ) (S w itch  N o . 704).

C h a p te r X I  c r ite r ia  fo r  ax le  and tru c k  side L /V ’s w ere used as lim ita tio n s  fo r  p ro p e r o p e ra tio n .



3.7 Y A W  A N D  SW AY (L O A D E D !

The Y aw  and Sway Test is conducted to determine the ability o f a car to negotiate laterally 

misaligned track, which would excite the car in yaw and sway motions. The maximum allowable, 

truck side L / V  is 0.6 sustained for 50 milliseconds and the maximum allowable axle sum L / V  

is li3 sustained for;50 milliseconds (Chapter XI).

T o obtain truck side L / V  readings, instrumented wheel sets were installed at both axle 

locations under the leading truck for this test.

The Y aw  arid Sway Test was conducted in accordance with Section 11.6.4 of Chapter 

X L Station 21+00 to 26 + 00 of the Precision Test Track (P IT ) was the test site. This section 

had sinusoidal track alignment deviations of 39-foot wavelength and an amplitude of 1.00 

inches peak-to-peak on both rails at a constant wide gage o f 57.5 inches. These amplitudes 

were less, than the 1.25 inches specified in Chapter XI. This was known before testing began, 

but it was impractical to adjust the perturbations due to cost and schedule. No trailing buffer 

car was used in the consist. Figure 3.10 shows the test zone with 1.25-inch perturbations.

Y A W  A N D  S W A Y

1.25 IN.

2 5 0 - F T - T A N G E N T  T R A C Ki
GAGE CONSTANT AT 57.5 INCHES

F ig u re  3.10 Y aw  a nd  Sway Test T ra c k
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3.8 LATERAL STA BILITY (HUNTING) (HALF-LOADED, UNLOADED)

The High Speed Stability or Hunting Test is conducted to confirm that hunting (lateral 

oscillating instability o f the trucks and/or carbody) does not occur within normal operating 

speeds. Chapter X I states that a car body center plate lateral acceleration (g) of 1.0 g sustained 

for 20 seconds indicates truck hunting. Hunting is inherent in some truck designs and is also 

seen in normally stable truck designs when components are allowed to wear beyond normal 

limits. ~

Procedures for the Hunting Test may be found in Section 11.5.2 of Chapter XI. This 

test is conducted on a 6,000-foot-tangent section (between R39-R33) o f the Railroad Test 

Track (RTT). R efer to Figure 3.2 for site location and to Figure 3.11 for a description o f the 

test track.

Test runs were performed at 30, 40, 50,55, 60, 65, and 70 mph. No trailing buffer car 

was used.

H I G H - S P E E D

S T A B I L I T Y

( H U N T I N G )

5 0 0 0 - F T - T A N G E N T  
3 9 - F T  - J O I N T E D  R A I L

F R A  C L A S S  5  T R A C K  

O R  B E T T E R .

F ig u re  3.11 H u n tin g  Test T ra c k
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4.0 FU EL CAR DESCRIPTION

The test vehicle was Boeing’s Peacekeeper R ail Garrison Fuel Car (TBCX-90001). Figure

4.1 shows the Fuel Car from the B-end, and Figure 4.2 shows the Fuel Car from the A-end. 

The Fuel Car is designed to be a 74,100 pound (unloaded) conventional tank car. The car, 

which uses two 100-ton trucks, has a 21,644 gallon, 5/8-inch thick outer shell tank that will be 

used to carry fuel for the P K R G  consist The car is an existing design, made by Procor and 

procured for the United States A ir Force by Boeing. The.36-inch wheels arrived with A A R  

1:20 profiles. A ll wheels were cut to the A A R -1B  profile. The axle spacing within the truck

is 70 inches. The truck center spacing is 35, feet 5 incites and the car length is 46 feet 4 inches
1-̂ • , =

over strikers.

F ig u re  4.1 F u e l C a r F ro m  B -E nd
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Figure 4.2 Fuel C ar From A-End
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4.1 RUNNING GEAR

Two Am erican Steel Foundries’ (ASF) 100-ton ride control trucks were utilized. The sec

ondary suspension consisted of seven inner and eight outer D-7 springs. The spring config

uration is shown in Figure 4.3. There was no primary suspension on the Fuel Car.

Figure 4.3 Fuel C ar Spring Configuration

It is noted that Boeing indicated that the Operational M odel (OM ) Fuel Car will use 

five inner and nine outer D-7 springs in its secondary suspension.

18



M anufactured constant contact side bearings w ere u sed  b e tw een  the car body and  

truck bolster. T he cen ter  bow l and p in  are show n in  F igure 4.4. F igure 4.5 shows the side  

bearing arrangem ent.

F igure 4.4 Fuel Car Truck C enter P in  and  Bow l

V-

*■
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Figure 4.5 Fuel C ar C onstant C ontact Side B earing A rrangem ent

<

V
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5.0 IN ST R U M E N T A T IO N

5.1 IN ST R U M E N T E D  W H E E L  SETS

Instrum ented w h ee l sets (IW S) w ere provided to  TTC for this test as G overnm ent Furnished  

E quipm ent (G F E ). T hey w ere m anufactured by the Illinois Institute o f  T echn ology R esearch  

Institute (I lT R I). T he instrum ented w h eel sets w ere conventional w h ee ls  and axles, m achined  

sm ooth  and strain gaged.

E ach  w h e e l has six strain gage bridges. T hree bridges are u sed  to  m easure vertical force; 

tw o bridges m easure lateral force and One indicates lateral w h ee l tread p osition  on  th e rail. 

T h e raw analog  strain gage signals w ere digitized and acquired w ith  a  386  based  com puter  

system . T h e signals w ere processed  to  produce digital output in  th e form  o f  le ft and right side, f 

vertical w h e e l force, lateral w h eel force, and axle torque. T h e digital signals w ere  then  

converted  to  analog. T hose analog signals w ere displayed on  strip charts and acquired on  a 

H ew lett-P ackard (H P ) D a ta  A cquisition  System  (D A S ) w ith the output from  th e rest o f  the  

transducers. F igure 5.1 shows an IITR I w h eel set installed under a  car.

ik
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Figure 5.1 IITRI Instrum ented  W heel Set
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5.2 R O LL GYR O S

C hapter X I requires th e  m easurem ent o f car body roll angle in  tw ist and roll and dynam ic 

curving. T his w as accom plished  w ith two roll rate gyros. T h e gyros w ere  in sta lled  on  each  

end  o f  th e  car at b o tto m  tank level. F igure 5.2 shows a  roll gyro.

Figure 5.2 R oll Gyro

T h e  output signal w as a roll rate. This was electronically  integrated  and sen t to  the  

D A S  as an  analog vo ltage representing roll angle.

>■
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5.3 LATERAL A C CELERO M ETERS

E ndevco 25 g lateral accelerom eters w ere installed  on  the A - and the B -en d  o f  th e car, o n  the  

ro ll gyro base  p lates. T hey w ere u tilized  to  m easure car body accelerations for th e  H unting  

T est. •

5.4 A D D ITIO N AL M EA SU R E M EN T S (B O E IN G  R E Q U EST!

A ccelerom eters w ere installed  in  vertical, lateral, and longitudinal orientations at various 

positions on  the Car. Truck spring n est and side bearing d isp lacem ents w ere also  m easured . 

A ll transducers are listed  by channel num ber in  the M easurem ent L ist (se e  A ppendix  C).

5.5 DATA A C Q U ISIT IO N  SYSTEM  (DAS!

A nalog  signals from  69 signal conditioners w ere m ultip lexed  and digitized w ith a  H P  6944  

m ultiprogram m er; D a ta  w as acquired with a H P  330 com puter. A D  counts w ere stored  w ith  

their proper engineering unit conversions on  o n e  file  for each  test. D a ta  w as stored o n  a  650  

m egabyte optical disk. ,

5.6 CHART R E C O R D ER S

A ll channels o f  required data w ere  displayed real tim e on  four A stro-M ed strip charts.

<
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6.0 R E SU L T S i

P re-test predictions w ere m ade w ith  th e N U C A R S  m od el for th e load ed  and u n loaded  F u el 

Car track w orthiness tests. A ppropriate predictions are noted  in  each  subsection . Predictions  

w ere presen ted  in  the F u e l Car Track W orthiness T est R ead in ess R ev iew , g iven  at T TC  by  

P eter  E . K lauser. C hapter X I criteria are used  as guidelines to  m easure th e perform ance o f  

th e  F u e l Car and to  ind icate  safe conduct o f  each test. The tests  w ere n o t perform ed to  certify  

th e F u el Car.

A ll results are show n as peak  values and i f  a  tim e duration is given, it  is th e duration  

that th e  C hapter X I lim it, 0.8 w h eel L /V  for exam ple, w as surpassed.

6.1 P IT C H  A N D  B O U N C E  (LO A D ED , HALF-LOADED') -

T h e  C hapter X I criterion for pitch and bounce is in  reference to  m in im um  vertica l w h ee l load. 

T h e lim it is 10 percent o f  the static w h ee l load  sustained for 50  m illiseconds.

T h e first step  in  data analysis is to  determ ine the static w h ee l load  for each  instrum ented  

w h eel. L ow  speed  tangent runs w ere analyzed to  determ ine the rolling unperturbed static  

w h e e l load . T h ese  w h e e l loads w ere  com pared to  the w h ee l loads ca lcu lated  from  w eighing  

th e F u e l Car on  th e Transit M aintenance B uilding’s (T M B ) track scale. T h e d ifference w as 

neglig ib le; h ence, the sca le  w eights w ere used  in  the m inim um  vertical w h e e l load  calculations.
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T able 6.1 shows th e calcu lated w h ee l loads for th e loaded , half-loaded, and un loaded  

configurations.

T able 6.1 Scale  W eights for Fuel Gar

LOADED
LOADED

A-End
B-End

107,700 lbs 
108,800 lbs

Per Axle Per Wheel

TOTAL 216,500 lbs 54,125 lbs 27,062.5 IbS

HALF-LOADED A-End 75,000 lbs —

HALF-LOADED B-End 77,400 lbs

TOTAL ■) .. 192,400 lbs 38,100 IbS 19,050 IbS

UNLOADED A-End 37,600 lbs — - -

UNLOADED B-End 39,400 lbs

TOTAL 77,000 lbs 19,250 IbS 9,625 IbS

\ <
T ables 6 .2(a) and (b ) are tabulations o f  the actual and pred icted  m in im um  vertica l w h ee l

load  percentages for the loaded  and half-loaded pitch and b ou n ce test runs, respectively.

T able 6 .2(a) L oaded P itch  and B ounce T est R esu lts Sum m ary

SPEED MINIMUM PREDICTED MINIMUM
(mph) VERTICAL WHEEL LOAD (%) VERTICAL WHEEL LOAD (%)

30 68 61

40 66 65

50 63 62

55 60 54 -

60 44 56

65 22 58

67 31 • ■

70 35 53
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T able 6.2(b) H alf-L oaded P itch  and B ounce T est R esu lts  Sum m ary

SPEED
(mph)

MINIMUM
VERTICAL WHEEL LOAD (%)

PREDICTED MINIMUM 
VERTICAL WHEEL LOAD (%)

30 63 r  ■

40 61

50 52

55 ' --

60 59 -

65 - -

70

In th e  load ed  configuration, the low est vertical w h eel load  w as 22  percent at 65 mph, 

this w as higher than the specified  lim it o f  10 percent o f  the static vertica l w h e e l load; 

therefore, the load ed  car perform ed w ithin the Chapter X I criterion.

T he w orst case m in im um  vertical w h eel load  in  the half-loaded  case w as 52  percent at 

50  m ph. T his w as higher than the specified  10 percent lim it; h en ce, th e half-loaded  car also  

perform ed  w ith in  th e C hapter X I criterion.

a-
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6.2 TW IST A N D  R O L L  (L O A D ED , HALF-LOADED, U N L O A D E D )

C hapter X I specified  three lim iting criteria for twist and roll. T h e first w as a 10 percent 

m inim um  vertical w h ee l load  sustained for 50 m illiseconds. T h e secon d  w as a  50  m illisecond  

m axim um  axle sum  L /V  o f  1.3, and th e third was a m axim um  car bod y  roll angle o f  6 degrees  

peak-to-peak. T able 6 .3 (a) is a  sum m ary o f  the actual test data  and predictions for each  o f  

th e  three criterion.

In the load ed  condition  there w ere no exceedences o f  C hapter X I, bu t th e  sp eed  range  

o f  22  m ph to  30 m ph show ed  som e roll. A t 24 mph, the m in im um  vertical w h ee l load  w as 14 

percent and the p eak-to-peak  roll angle was 4.60 degrees. T h e 24 m ph operation  corresponds 

to  the natural roll frequency o f  0.9 H z  m easured during m od al analysis.

T able 6 .3(a) L oaded Twist and R oll R esu lts Sum m ary

SPEED
(mph)

MIN. VERT. 
WHEEL 
LOAD 

(%)

MIN. VERT. 
WHEEL 

LOAD
PREDICTED

(%)

ROLL
ANGLE
(DEG.)

ROLL
ANGLE

PREDICTED
(DEG.)

AXLE
L/V

AXLE

PREDICTED

10 56 -- 1.40 -- 0.29 --

14 43 79 2.24 0.8 0.38 -

16 32 80 2.80 0.7 0.42 -r .

18 41 79 2.84 0.9 0.43

20 36 76 2.96 1 : 1 0.46 -

22 16 75 4.40 . 1.3 0.55

24 14 74 4.60 1.3 0.60 -

26 18 - 4.16 0.57

30 25 72 4.10 1.3 0.53 -

40 30 75 3.32 0.9 0.41 -

50 44 75 2.52 0.8 0.42 . -

60 49 74 2.48 0.9 0.39 -
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Figures 6.3,6.4, and 6.5 show comparisons of actual and predicted values for wheel load,
roll angle, and axle sum L/V with the Chapter XI limiting values for the loaded twist and roll
testing. I

C3<o

o
I—cc
£

10 14 16 18 20 22 24 26 30 40 50 60
SPEED (MPH)

M  ACTUAL Eggs PREDICTED . ^  CH XI LIMIT

Figure 6.3 L oaded Tw ist and R oll M inim um  V ertical W heel Load

O
LdCJs-/
Q.
I

CL

Ld
_Joz<

oQC
2ZD
X<2

20 22 24 26
SPEED (MPH)

B83I PREDICTED ^  CH XI LIMIT

Figure 6.4 L oaded Tw ist and R oll M axim um  R oll A ngle (Peak-T o-Peak)
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10 14 16 18 20 22 24 26 ' 30 ,4 0  50 60 

SPEED (MPH) '■ ,r  ■ ■-

■■ACTUAL ^  CU XI LIMIT

F igure 6.5 L oaded Twist and R oll A xle Sum  L /V
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T he half-loaded condition  had two defin ite critical sp eed s. A t 12 m ph, it appears that 

the sloshing o f  the fu el was pronounced; this correlates to  th e resonant frequency o f  the fu el 

(0.5 H z) found in  the m odal respon se testing o f  th e half-loaded  F u e l Car. A t 28 m ph, an  axle 

sum  L /V  o f  1.52 and a m inim um  vertical w h eel load  o f  1.6 percent (50  m illiseconds) w ere  

recorded. A lthough testing w as p lanned  for speeds from  10 m ph to  70  m ph, the test w as 

term inated by concurrence o f B oein g  and the A A R  test eng ineer  for reasons o f safety. S ee  

T able 6.3(b) for the half-loaded  results.

Table 6.3(b) H alf-L oaded Twist and R oll R esu lts  Sum m ary

SPEED
(mph)

MIN. VERT. 
WHEEL 

LOAD (%)

MIN. VERT. 
WHEEL 

LOAD
PREDICTED

(%)

ROLL
ANGLE
(DEG.)

ROLL
ANGLE

PREDICTED
(DEG.)

AXLE
L/V

AXLE
L/V

PREDICTED

10 40 - 1.04 - 0.36 --

12 20 -- 1.88 -- 0.63 --

14 49 ; . -- 1.40 -- 0.33 --

16 4 5  . 1.82 0.33 --

18 48 • - 2.12 -- 0.33 -

20 49 . . 2.60 -- 0.35 -

22 46 2.92 -- 0.39 -

24 44 3.24 -- 0.42 -

26 27 ; ■ '■v ~ ' . 4.52 ... 0.57 --

28 1.6
50 msec

-- 5.44 — 1.52
50 msec

-

NOTE: Time values given are the length of time of exceedence.
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Figures 6.6,6.7, and 6.8 show comparisons of the actual values for wheel load, roll angle,
and axle sum L/V with the Chapter XI limiting values for the half-loaded twist and roll testing.

SPEED (MPH)

* Time Duration (msec)
ACTUAL CH XI LIMIT

Figure 6.6 H alf-L oaded Twist and R oll M inim um  V ertical W heel Load  
T esting Term inated at 28 m ph

Figure 6.7 H alf-L oaded Twist and R oll M axim um  R oll A ngle  
T esting Term inated at 28  m ph
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Figure 6.8 H alf-L oaded  Twist and R oll A xle Sum  L /V  
T esting  T erm inated at 28 m ph

T h e un loaded  configuration w as th e m ost critical during tw ist and roll testing, and w hile  

th e  expected  critical speed  w as 32 m ph, testing w as term inated at 26 m ph due to  a  minimum 

vertical w h ee l load  o f  3 percent, s e e  Figure 6.9.

Figure 6.9 T im e H istory o f  26  m ph U nloaded  C ar’s Left W heel, T hird A xle
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T able 6 .3 (c) show s that Chapter X I criteria was also exceed ed  at 24 m ph. T h e  3.38 L /V  

at 26 m ph w as due prim arily to  w h eel unloading. L /V  ratios calcu lated at very low  vertical 

w h ee l loads m ay n o t b e  accurate.

T ab le 6 .3(c) U nloaded  Twist and R oll R esu lts Sum m ary

SPEED
(mph)

MIN. VERT. 
WHEEL 
LOAD

(%)

MIN. VERT. 
WHEEL 

LOAD
PREDICTED (%)

ROLL
ANGLE
(DEG.)

ROLL
ANGLE

PREDICTED
(DEG.)

AXLE
L/V

AXLE
L/V

PREDICTED

10 23 -- 1.00 ' - 0.58 -

14 18 -- 1.44 - 0.79 -

16 16 -- 1.94 - 0.87 --

18 13 ' -- 2.16 - 1.17

20 12 66 2.40 0.8 1.17 ■ ■ !

22 9 -- 2.84 -- 1.28 : . - -  ■ . • ■}'

24 7 55 3.24 0.9 1.53

26 3
51 msec

56 .4.48 0.9 3.38
50 msec

--

NOTE: Time values given are the length of time of exceedence.
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Figures 6.10 and 6.11 show comparisons of actual and predicted values for wheel load
and roll angle with the Chapter XI limiting values for the unloaded twist and roll testing.

Figure 6.10 U nloaded Tw ist and  R oll M inim um  V ertical W heel Load  
T estin g  T erm inated at 26 m ph

Figure 6.11 U n load ed  Tw ist and R oll M axim um  R oll A ngle  
T esting  T erm inated  at 26  m ph
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Figure 6.12 shows the comparisons of unloaded twist and roll axle sum L/V’s with the
Chapter XI limiting value for the unloaded twist and roll testing. ;

Time Duration (msec)

F igure 6.12 U nloaded  Twist and R oll A xle Sum  L /V  
T esting Term inated at 26  m ph

6.3 DY N A M IC  C U R V IN G  (LO ADED, H ALF-LO ADED)

T he dynam ic curving lim iting values specify four C hapter X I param eters: m axim um  w h ee l 

L /V  o f  0.8 and m axim um  axle sum  L /V  o f  1.3 sustained for 50  m illiseconds, m axim um  roll 

angle o f  6 d egrees peak-to-peak, and a m inim um  vertical w h ee l load  o f  10 percent sustained  

for 50  m illiseconds.

ir-
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T he load ed  dynam ic curve testing w as accom plished  in  th e CCW  direction. T esting  

speed s w ere term inated at 26 m ph due to  an occurrence o f  a  1.8 percent vertical w h ee l load. 

This exceed ed  the 10 percent guideline. N o te , in  T able 6 .4(a), axle sum  L /V ’s exceed ed  the

1.3 lim it at all speeds tested  with the lo n e  exception  being  at 16 m ph. T im e h istories o f  these  

L /V  exceed en ces show  that th e 50 m illisecon d  m axim um  tim e requirem ent w as surpassed for  

all L /V ’s o f  1.38 and greater.

Table 6 .4 (a) L oaded D ynam ic C urving

SPEED
(mph)

MIN. VERT. 
WHEEL 
LOAD 

(%)

MIN. VERT. 
WHEEL 

LOAD
PREDICTED (%)

ROLL
ANGLE
(DEG.)

ROLL
ANGLE

PREDICTED
(DEG.)

AXLE

&VlME
DURATION

AXLE
L/V

PREDICTED

10 50 -- 1.12 -- 1.38
50 msec

-

12 48 67 1.28 1.1 1.41
50 msec

1.13

14 44 -- 1.44 -- 1.42
50 msec

-

16 32 68 1.84 1.0 1.24 1.13

18 36 70 1.44 0.9 1.47
100 msec

1.08

20 47 67 1.52 1.0 1.40
50 msec

1.08

22 40 62 1.76 1.8 1.33 1.26

24 12 62 3.12 1.7 1.31 1.27

26 1.8
200 msec

-- 2.88 -- 1.49
50 msec

--

NOTE: Time values given are the length of time of exceedence.
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Figure 6.13 show s axle sum  L /V  com parisons for actual and pred icted  values w ith the  

C hapter X I lim iting values for the loaded  dynam ic curve testing.

H I ACTUAL m  PREDICTED l l  CH XI LIMIT
\ ' Time Duration (msec)

Figure 6.13 L oaded D ynam ic Curving A?de Sum  L /V

D ynam ic curve testing in  the half-loaded configuration w as accom plished  in  the CW  

direction, as w e ll as, th e CCW  direction. T he CCW  run w as at 10 mph; an  axle sum  L /V  o f  

1.52 for 55 m illiseconds w as noted . B oein g  and the A ir F orce jo in tly  agreed  to  stop testing  

in  that d irection  and req uested  further testing in  the CW  direction. C W  testing  w as accom 

p lish ed  at 1 0 ,1 2 , and 14 m ph. T he test was stopped by B oein g  due to  w hat appeared  to  b e  

criteria exceed en ces in  a ll three runs.
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T able 6.4(b ) show s the com parisons o f  w h e e l load , roll angle, and axle sum  L /V  data

for the CCW  half-loaded  dynam ic curving testing.

T able 6.4(b) H alf-L oaded D ynam ic C urving R esu lts CCW

SPEED
(mph)

MIN. VERT. 
WHEEL 

LOAD (%)

MIN. VERT. 
WHEEL 

LOAD
PREDICTED (%)

ROLL
ANGLE
(DEG.)

ROLL
ANGLE

PREDICTED
(DEG.)

AXLE
L/V

AXLE

PREDICTED

10 38 • 124 -- 1.52
55 msec

-

12* -- -- -- --

14* ' -  ~ - -- . --

Subsequent speeds were not attempted 
NOTE: Time values given are the length of time of exceedence.

T able 6.4(b ) shows the com parisons o f  w h ee l load, roll angle, and axle sum  L /V  data  

for the CW  half-loaded  dynamic curving testing.

T able 6.4(c) H alf-L oaded D ynam ic C urving R esu lts CW

SPEED
(mph)

MIN. VERT. 
WHEEL 

LOAD (%)

MIN. VERT.
. WHEEL 

LOAD
PREDICTED (%)

ROLL 
ANGLE ̂  
(DEG.)

AXLE,
L/V

TIME
LENGTH

EXCEEDENCE

10 52 1.28 1.38 10 msec

12 32 67 1.52 1.39 25 msec

14 57 - 1.04 1.31 5 msec

NOTE: Time values given are the length of time of exceedence.
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6.4 C O N ST A N T  C U R V IN G  (LO A D ED , H ALF-LO ADED, U N L O A D E D )

T ests w ere  perform ed for loaded , half-loaded, and un loaded conditions in  the C W  and CCW  

directions o n  th e  7.5- and 12-degree curves.

A ll C hapter X I tests, in  w hich L /V s  are judged as critical in  stability assessm ent, specify  

m axim um  valu es for 50  m illiseconds as critical; how ever, ill evaluating th e constant curve test 

the criticality is addressed in  Chapter X I as a  95th percentile  criterion. T his criterion states 

that th e  m easu red  value cannot exceed  the lim it for m ore than 5 percent o f  th e tota l constant 

curve test tim e. T h e m axim um  95th percentile  values show  m ore stability than the m axim um  

single  occurrences because  they are taken over the w h ole  curve; for exam ple, a  particular 

critical situ ation  m ay n o t b e  seen  in  th e 95th percentile  m axim um  but m ay in d eed  exist in  

single  occurrences. T h e 50  m illisecond values are reported here to  show  the p ossib le  criticality 

due to  single occurrences.

T h e F u e l Car negotia ted  the 7 .5-degree curve w ith in  C hapter X I lim its in  the loaded  

and ha lf-load ed  configurations. In  the un loaded  configuration, although the 95th percentile  

lim itation  w as n ot surpassed for w h eel and axle sum  L /V ’s, w h eel lift occurred at 32  m ph. 

M inim um  vertica l w h ee l load  is not part o f  the lim iting criteria for constant curving because  

it  is unusual to  have a car exhibit roll resonance w hile in  a constant curve test. W h eel load  

p ercen tage is included in  T able 6 .5(c). A dd itional runs w ere m ade at 26, 28, and 30  m ph to
•s'';

show  the trend for vertical w h eel unloading. -
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T able 6 .5(a) shows the loaded  car constant curving data for th e 7 .5-degree curve. T he  

95th percentile  and 50  m illisecond  criteria w ere  n o t exceed ed  in  the test.

T able 6 .5(a) 7.5-D egree L oaded C onstant C urving Sum m ary

DIRECTION SPEED
(mph)

STEADY STATE |

PEAK
WHEEL

L/V

95TH
PERCENTILE 
WHEEL L/V

PRED.
WHEEL

L/V

PEAK
AXLE
L/V

95TH
PERCENTILE 

AXLE L/V

PRED. 
AXLE 
L/V  |

CCW 14 0.78 0.575 0.45 1.23 1.02 0.87

CCW 24 0.69 0.50 0.40 1.13 0.92 0.79

CCW 32 0.59 0.45 0.36 1.03 0.82 0.69

CW 14 0.64 0.505 0.45 1.04 0.88 0.87

CW 24 0.60 0.47 0.40 1.11 0.88 0.79

CW 32 0.56 0.45 0.36 1.00 0.36 0.69
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T able 6 .5(b ) shows the half-loaded  car constant curving data for th e 7 .5-d egree curve. 

T h e 95th p ercen tile  criterion w as not exceeded; how ever, there w as a 0.93 w h e e l L /V  w ith  a  

60 m illisecon d  exceed en ce  at 14 m ph in  the CCW  direction.

T able 6.5(b) 7.5 Degree H alf-L oaded C onstant C urving Sum m ary

DIRECTION SPEED
(mph)

STEADY STATE

PEAK
W HEEL

L /V

95TH
PERCENTILE 
W HEEL L /V

PEAK
AXLE
L /V

95TH
PERCENTILE 

A X LE  L /V

CCW 14 0.93
60 msec

0.63 1.45
60 msec

, 1.15

CCW 24 0.78 0.59 1.29 1.05

CCW 32 0.66 0.55 1.16 0.99

CW 14 0.69 0.52 1.08 0.89

CW 24 0.65 0.48 1.03 0.83

CW 32 0.62 0.47 1.03 0.83

NOTE: Time values given are the length of time exceedence.
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T able 6 .5(c) show s the un loaded  car constant curving data for the 7 .5-degree curve. T he  

95th percentile  criterion w as not exceeded; how ever, there w as a  0.98 w h ee l L /V  w ith  a 65 

m illisecond exceed en ce  at 14 m ph and w h eel un loading for 50  m illiseconds at 32  m ph in  the  

C W  direction.

T able 6 .5(c) 7.5-D egree U nloaded  C onstant C urving Sum m ary

DIRECTION SPEED
(mph)

STEADY STATE

PEAK 
WHEEL 
. L/V

95TH
PERCENTILE 
WHEEL L/V

PRED.
WHEEL

L/V

PEAK
AXLE
L/V

95TH
PERCENTILE 

AXLE L/V

MIN.
PRED.
AXLE
L/V

WHEEL
LOAD

%

CW 14 0.73 0.57 0.48 1.25 1.125 0.91 42

CW 24 0.98
65 msec

0.62 0.43 1.62
65 msec

1.130 0.85 22

CW 26 0.76 0.56 -- 1.29 0.950 - 19

CW 28 0.82 0.57 -- 1.30 0.950 22

CW 30 0.78 0.56 -- 1.23 0.965 14

CW 32 0.78 0.53 0.40 1.41 0.860 0.80 0
50 msec

Model Speeds = 10,24, and 34 mph
NOTE: Time values given are the length of time of exceedence.
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T h e 12-degree load ed  constant curving summary show s no  95th p ercen tile  exceed en ces  

(se e  T ab le  6 .6(a) b e low ). T here w as a  0.86 w h eel L /V  w ith  a  100 m illisecon d  exceed en ce  

and a 1.35 axle sum  L /V  w ith  70 m illiseconds exceedence at 16 m ph in  th e C C W  direction.

T able 6 .6 (a) 12-D egree Loaded C onstant C urving Sum m ary

DIRECTION SPEED
(mph)

STEADY STATE

PEAK
WHEEL

L/V

95TH
PERCENTILE 
WHEEL L/V

PRED.
WHEEL

L/V

PEAK
AXLE
L/V

95TH
PERCENTILE 

AXLE L/V

PRED.
AXLE
L/V

CCW 16 0 . 8 6

1 0 0

msec

0.74 0.53 1.35
70 msec

1 .2 1 1.03

CCW 25 0.82 ’ 0.71 0.48 1.30 1.18 0.94

CCW 32 0.71 0.60 0.47 1.17 1.06 0.89

CW 16 0.85 0.74 0.53 1.40 1.23 1.03

CW 25 0.79 0 . 6 8 0.48 1.35 1.19 0.94

CW 32 0.77 0.61 0.47 1.32 1.15 0.89

Model Speeds = 15.5,24.5, and 31 mph
NOTE: Time values given are the length of time of exceedence.
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T he half-loaded 12-degree, curve sum m ary (T ab le 6 .6 (b )) a lso  shows no  exceedences; 

how ever, at 16 m ph the 95th p ercentile  w h eel L /V  w as 0.78, w hich is c lo se  to  the 0.80 L /V  

lim itation . T here w ere "instantaneous" 50 m illisecond  exceed en ces for the 16 m ph runs in  

b oth  directions and on e  in  the C C W  direction at 32  m ph. M inim um  vertical w h ee l load  

percentage has b e e n  included in  th e table. A  m inim um  vertica l w h ee l load  o f  6 percent w ith  

a  2 0  m illisecond duration w as recorded at 32  m ph.

Table 6.6(b) 12-D egree H alf-L oaded C onstant C urving Sum m ary

DIRECTION SPEED
(mph)

STEADY STATE

PEAK
WHEEL

L/V

95TH
PERCENTILE 
WHEEL L/V

PEAK
AXLE
L/V

95TH
PERCENTILE

L/V

WHEEL
LOAD

%

CCW 16 0.84
50 msec

0.78 1.38
50 msec

1.28 66

CCW 25 0.82 0.68 1.32 1.18 54

CCW 32 0.86
50 msec

0.66 1.36
50 msec

1,17 32

CW 16 0.85
55 msec

0.72 1.40
55 msec

1.20 60

CW 25 0.82 0.68 1.33 1.21 53

CW 32 0.75 0.64 1.31 1.17 6
20 msec

NOTE: Time values given are the length of time of exceedence.
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In the unloaded case (Table 6.6(c)), an exceedence was recorded during the first

12-degree curve run at 16 mph; hence, testing was terminated.

Table 6.6(c) 12-Degree Unloaded Constant Curving Summary

DIRECTION SPEED
(mph)

STEADY STATE

PEAK
W HEEL

L/V

95TH
PERCENTILE 
WHEEL L/V

PRED.
WHEEL

L/V

PEAK
AXLE
L/V

95TH
PERCENTILE 

| AXLE L/V

PRED.
AXLE
L/V

*CW f 16 0.94
200 msec

0.83 0.51 „ 1.65
200 msec

1.13 0.99

CW 25 - 0.49 -- 0.98

CW 32 0̂ 49 -- ' 0.97

Model Speeds = 15.5,24.5, and 31 mph 
Test Terminated at 16 mph

NOTE: Time values given are the length of time of exceedence.
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Figure 6.14 shows the 95th percentile and maximum axle sum L /V ’s for both GW and

CCW directions, of the loaded Fuel Car, on the 12-degree curve: Predicted ofpeak values

and Chapter X I limitations are also shown.

Ld
O
O'
Id
C L

_C
m<n

MAX CW 

CH. XI LIMIT

' 25

SPEED (MPH) 
M  MAX CCW 

EEE95th CW

^  PREDICTED 

VZZ 95th CCW

Figure 6.14 95th Percentile and Maximum Axle Sum L/V ’s for the Loaded
12-Degree Curve fi
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Figure 6.15 shows the 95th percentile and maximum wheel L /V ’s for both directions

on the, 12-degree curve. Predictions of peak values and Chapter X I lim it are also shown.

X
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UJocc

uiai

wm MAX cw 
^ C H . XI'LIMIT;

25 '
..SPEED (MPH)
, : ^  MAX' CCW : 

S3 9 5th CW
&Z& PREDICTED 
CZ3 95th CCW

Figure 6.15 95th Percentile and Maximum Wheel L/V’s for the Loaded 12-Degree Curve

Two things are noted in the two previous figures; 1) Steady state curve performance 

was similar in both directions and 2) The wheel L / V  trends indicate a dry track and believ

able IWS results for three-piece truck performance. O n dry track, a 0.8 flanging wheel L / V  

should be accompanied by approximately an 0.5 L / V  on the opposite non-flanging wheel. 

This would yield a 1.3 axle sum. The L /V  for the wheel that is not flanging should not 

exceed the static coefficient of friction.
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6.5 SPIRAL NEGOTIATION (LOADED, HALF-LOADED, UNLOADED)

6.5.1 7.5-Degree Curve

Curve entry and curve exit performance in the 7.5-degree curve for all configurations o f the 

Fuel Car were within Chapter X I guidelines. There were no exceedences.

In curve entry, the maximum wheel L / V ’s were 0.48 and 0.54 in the C C W  and CW  

directions, respectively; in curve exit, the maximum wheel L \ V ’s were 0.55 and 0.52 in the 

C C W  and C W  directions, respectively. Table 6.7(a) summarizes the data for the 7.5-degree 

loaded spiral negotiation testing.

Table 6.7(a) 7.5-Degree Loaded Spiral Negotiation Summary

DIR. SPEED
(mph)

CURVE ENTRY CURVE EXIT

MAX.
WHEEL

L/V

MAX.
PRED.

WHEEL
L/V

MAX.
AXLE
L/V

MIN.
VERT.

W HEEL
LOAD

MAX.
WHEEL

L/V

MAX.
PRED.

W HEEL
L/V

MAX.
AXLE
L/V

MIN.
VERT.

WHEEL

ACT. PRED. ACT. PRED.

CCW 14 0.40 0.54 0.64 54 64 0.55 0.47 1.00 62 67

CCW 24 0.46 0.48 0.86 60 71 0.49 0.40 0.87 57 70

CCW 32 0.48 0.42 0.90 54 65 0.44 0.35 0.88 52 59

CW 14 0.54 0.54 0.90 68 64 0.52 0.47 0.88 57 67

CW 24 0.40 0.48 0.70 73 71 0.45 0.40 0.84 64 70

CW 32 0.35 0.42 0.67 53 65 0.35 0.35 0.65 46 59

Model Speeds = 10,24, and 34 mph
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Table 6.7(b) shows the 7.5-degree half-loaded spiral negotiation testing summary. The 

most critical value seen was a 0.67 wheel L / V  at 14 mph in the C C W  direction.

Table 6.7(b) 7.5-Degree Half-Loaded Spiral Negotiation Summary

DIR. SPEED
(mph)

CURVE ENTRY CURVE EXIT

MAX.
W HEEL

L/V

MAX.
PRED.

WHEEL
L/V

MAX.
AXLE
L/V

MIN.
VERT.

WHEEL
LOAD

MAX.
W HEEL

L/V

MAX.
PRED.

W HEEL
L/V

MAX.
AXLE
L/V

MIN.
VERT.

W HEEL
LOAD

ACT. PRED. ACT. PRED.

CCW , 14 0.67 - 1.22 46 0.64 -- 1.17 63 --

CCW 24 0.61 - 1.13 57 ~ . 0.58 - 1.04 70 ~ ;

CCW 32 0.54 .. 1.03 48 - 0.58 -- 1.01 52 --

CW 14 0.48 - 0.82 59 .. . . 0.47 ■ -- 0.89 54

CW 24. 0.45 . - 0.80 56 -- 0.46 -- 0.76 52 . -

CW 32 0.42 -- 0.78 54 ~ 0.42 - 0.72 44
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Table 6.7(c) summarizes the 7.5-degree unloaded spiral negotiation. D ue to the pos

sible instability o f the car in the i2-degree curve which leads into the 7.5-degree curve in 

the C C W  direction, this test was run in the C W  direction only. There were no exceedences

o f the Chapter X I guideline criteria.

Table 6.7(c) 7.5-Degree Unloaded Spiral Negotiation Summary

DIR. SPEED
(mph)

CURVE ENTRY CURVE EXIT

MAX.
WHEEL

L/V

MAX.
PRED.

WHEEL
L/V

MAX.
AXLE
L/V

MIN.
VERT.

W HEEL
LOAD

MAX.
WHEEL

L/V

MAX.
PRED.

W HEEL
L/V

MAX.
AXLE
L/V

MIN.
VERT.

W HEEL
LOAD

ACT. PRED. ACT. PRED.

CW 14 0.50 -- 0.84- 44 - 0.67 -- 1.20 30 --

CW 24 0.49 -- 0.89 50 -- 0.64 . -  . 1.13 24 -

c w 32 0.57 -- 1.00 19 - 0.40 -- 0.69 14

Model Speeds = 10,24, and 34 mph

J
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6.5.2 12-Degree Curve

For all configurations, bunched spiral (BS) negotiation was curve entry in the C C W  direction 

and curve exit in the C W  direction on the 12-degree curve. A  conventional spiral (CS) was 

at the opposite end of this curve.

In the loaded condition (Table 6.8(a)), the CW  16 mph curve exit (BS) showed a 150 

millisecond exceedence for wheel L / V  and a 100 millisecond exceedence for axle sum L/V , 

and the C W  32 mph curve entry (CS) gave a wheel L / V  of 0.89 with 50 milliseconds of 

exceedence and axle sum L / V  of 1.41;with 100 milliseconds of exceedence. The loaded car 

C C W  spiral negotiation did not have exceedences. —

Table 6.8(d) 12-pegree Loaded Spiral Negotiation Summary

d ir :1 SPEED
(mph)

....... CURVE ENTRY CURVE EXIT

.M A X .
W HEEL

L/V

MAX.
PRED.

WHEEL
L/V

MAX.
AXLE
L/V

MIN.
VERT.

WHEEL
LOAD

MAX.
W HEEL

L/V

MAX.
PRED.

WHEEL
L/V

MAX.
AXLE
L/V

MIN.
VERT.

W HEEL
LOAD

ACT. PRED. ACT. PRED.

CCW 16 0.76 0.70 1.26 61 57 0.80 0.78 1.24 55 48

CCW 25 0.79 0.62 1.24 50 54 0.75 0.60 1.21 37 54

CCW 32 0.80 0.57 1.21 31 49 0.70 0.50 1.18 17 46

CW 16 0.83 0.70 1.30 50 57 0.89
150

msec

0.78 1.41
100

msec

52 48

CW 25 0.80 0.62 1.28 37 54 0.69 0.60 1.14 63 54

CW 32 0.89
50 msec

0.57 1.32 9 49 0.61 0.50 1.18 44 46

Model Speeds = 15.5,24.5, and 31 mph
NOTE: Time values given are the length of time of exceedence.
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In the C C W  direction, when half-loaded (Table 6.8(b)), the curve entry (BS) produced 

aw h eel L / V  exceedence at 16 mph. A t 32 mph in  the C W  direction, the Fuel Gar exhibited 

a minimum vertical wheel load of 7 percent (50 milliseconds) during curve entry, which is less 

than the 10 percent minimum vertical wheel load expressed in Chapter X L ,,.

Table 6.8(b) 12-Degree Half-Loaded Spiral Negotiation Summary

DIR. SPEED
(mph)

CURVE ENTRY CURVE EXIT

MAX.
W HEEL

L/V

MAX.
PRED.

WHEEL
L/V

MAX, 
AXLE , 
L/V

MIN.
VERT.

W HEEL
%

MAX.
W HEEL

L/V

■ MAX. 
PRED. 

WHEEL 
L/V

MAX.
AXLE
L/V

MIN.
VERT.

W HEEL
%

ACT PREC ACT PREC

CCW 16 " 0.86 
50 msec

1.33 60 - 0.86 1.34 ' 54

CCW 25 0.85
50 msec

\ 1.30 55 -- 0.80 “  ' 1.25 41 --

CCW 32 0.82 1.28 ; 3 5 -- 0.80 > - 1.24 6

CW 16 0.76 -- 1.14 51 ' -- 0.59 ' -- 1.06 : s 48

CW 25 0.77 . , - 1.15 ; 39 0.72 1.21 * 52 > —

CW 32 0.82 1.27 7
50 msec

- 0.74 “ 1.27 50 --

NOTE: Time values given are the length of time of exceedence.
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The unloaded Fuel Car as tested in the CW  direction (Table 6.8(c)) showed poor

behavior in both curve entry (CS) curve exit (BS) o f the 12-degree curve at 16 mph . The

most severe was a wheel L / V  of 1.26 with a 900 millisecond time exceedence in the curve exit

(BS). D ue to the C W  results, C C W  testing was not attempted.

Table 6.8(c) 12-Degree Unloaded Spiral Negotiation Summary

DIR. SPEED
(mph)

CURVE ENTRY CURVE EXIT

MAX.
W HEEL

L/V

MAX.
PRED.

WHEEL
L/V

MAX.
AXLE
L/V

MIN.
VERT.

W HEEL
%

MAX.
WHEEL

L/V

MAX.
PRED.

WHEEL
L/V

MAX.
AXLE

L/V

MIN.
VERT.

W HEEL
%

ACT PRED ACT PRED

CW 16 1.07 
; 200 

msec

— 1.57
150

msec

20 — 1.26
900

msec

— 1.75
750

msec

35

CW 25 -- -- -- - -- - -- -- -- -

CW 32 -- - - - -- -- -- -- ' --

For all configurations: 12-degree CCW curve entry is bunched spiral 
12-degree CW curve exit is bunched spiral 

NOTE: Time values given are the length of time of exceedence:
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Figure 6.16 shows comparisons of the 12-degree actual andpredicted wheel L / V for

bunched spiral curve entry and exit maximum wheel L /V ’s for the loaded car operated in

both directions.
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Figure 6.16 Loaded Fuel C ar Spiral Negotiation Results 12-Degree. C C W
Bunched Spiral



Figure 6.17 shows comparisons of the 12-degree actual and predicted conventional

spiral curve: entry and exit niaSumum wheel L /V ’s for the loaded car operated in both direc

tions.

Figure 6.17 Loaded Fuel C ar Spiral Negotiation Results 12-Degree CW
Conventional Spiral

4̂
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Figure 6.18 shows comparisons of the 12-degree bunched spiral curve entry and exit

maximum wheel L /V ’s for the half-loaded car operated in both directions. ;
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Figure 6.18 Half-Loaded Fuel C ar Spiral Negotiation Results 12-Degree C C W
Bunched Spiral
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Figure 6.19 shows comparisons of the 12-degree conventional spiral curve entry and

exit maximum wheel L /V ’s for the half-loaded car operated in both directions.
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Figure 6.19 Half-Loaded Fuel C ar Spiral Negotiation Results 12-Degree CW
Conventional Spiral

The unloaded 12rdegree spiral negotiation at 16 mph (CW  entry and exit) was unsta

ble, as shown in Table 6.8(c) and consisted of only one run; therefore, there will not be a 

bar chart summary for the 12-degree spiral negotiation of the unloaded car.

/
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6.6 TURNOUT AND CR O SSO VE R  (LOADED, HALF-LOADED, UNLOADED !

Turnout and crossover testing is not listed as an official Chapter X I Test; hence, there are no 

official limiting criteria. W heel L / V ’s of 0.8 and a axle sum L / V ’s o f 1.3 for 50 milliseconds, 

were used as guidelines. Results are summarized in Tables 6.9(a), (b), and (c) for the loaded, 

half-loaded, and unloaded configurations, respectively.

In general, the Fuel Car had difficulty negotiating turnouts and crossovers. The loaded 

condition was the least severe and the unloaded was the most severe.

A n  axle sum L / V  of 1.31, for approximately 40 milliseconds, was the most severe result 

from the loaded testing (see Table 6.9(a)).

Table 6.9(a) Loaded Turnout and Crossover Results

TEST DIRECTION SPEED MAXIMUM
W h e e l  l /v

MAXIMUM 
AXLE SUM L/V

Turnout CCW 10 0.61 1.08

Turnout CCW 15 0.78 1.31

Crossover CCW ' 10 0.58 0.98

Crossover CCW 15 0.63 0.99

Crossover CCW 20 0.73 1.06

Turnout CW 10 0.58 1.10

Turnout CW 15 0.69 1.11

Crossover CW 10 0.68 1.00

Crossover CW 15 0.75 1.08

Crossover CW 20 0.72 1.06
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.  The tighter No. 8 turnouts (15 mph maximum speed) were more difficult to negotiate

than the No. 15 crossovers (35 mph maximum speed) for the half-loaded Fuel Car as can be 

- seen from Table 6.9(b). W heel and axle sum L /V  guidelines were exceeded for the 10 and 

15 mph turnout negotiations.

Table 6.9(b) Half-Loaded Turnout and Crossover Results

TEST DIRECTION SPEED MAXIMUM 
w h e e l  L/V

MAXIMUM 
AXLE SUM L/V

MAXIMUM
TIME

LENGTH
EXCEEDENCE

Turnout CW 10 0.91 1.47 • 250msec

Turnout CW 15 0.84 1.38 50msec

Crossover CW 15 0.59 0.93

Crossover CW .2 5 0.65 1.08 --

Crossover CW 35 0.66 1.12 --

Crossover CCW 15 0.63 0.97 ! : . T

Crossover CCW 25 0.59 0.94 -

Crossover , CCW 35 0.69 0.99 --

£-
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In the unloaded condition, Table 6.9(c), the Fuel Car had difficulty in both turnout and

crossover negotiation. Several exceedences of the guideline L /V  were noted.

Table 6.9(c) Unloaded Turnout and Crossover Results

TEST :i DIRECTION SPEED MAXIMUM 
W HEEL L/V

MAXIMUM 
AXLE SUM L/V

MAXIMUM
TIME

LENGTH
EXCEEDENCE

Turnout CW 10 0.92 1.31 ‘

Turnout -a; CW i. 15 0.96 1.52 75msec

Crossover CW . 15 0.70 1.58 100msec

Crossover * -- 25 -- -

Crossover * 35 ’ -- -  ,

Turnout ccw 10 0.91 1,36 -

? Turnout CCW „• 15 0.97 1.38 100msec

; Crossover .... ccw 15 0.70 , 1.11 > —

Crossover.. . ccw 25 0.71 1.19 • ' -  «

•.Crossover,. ....ccw 35 0.88 1.42 50msec

* Not attempted due to results seen in previous run

6.7 YAV^AND SWAY (LOADED. HALF-LOADEDl

Chapter XI specified two limiting criteria for yaw and sway testing. The first was a maximum 

absolute axle sum L /V  of 1.3 for 50 milliseconds. The second limit was a maximum instan

taneous truck side L / V  of 0.6 for 50 milliseconds or 6 feet.

In order to obtain truck side L / V ’s, one of the wheel sets had to be relocated. The 

leading axle (IWS) o f the trailing truck was put into the trailing axle position of the leading 

truck.
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N U C A R S modeling predicted high L / V ’s and possible derailment. Past experience has 

indicted that N U C A R S  is uiiduly conservative in its predictions for the regime. Furthermore, 

the lateral perturbations on the track were approximately 0.25 inches less than the Chapter 

X I described 1.25 inches. This may also account for the difference between model predictions 

and measured data.

Loaded yaw and sway testing performance showed stability, as shown in Table 6.10(k).

Table 6.10(a) Loaded Yaw and Sway Results

SPEED MAXIMUM PREDICTED MAXIMUM PREDICTED:
AXLE SUM L/V AXLE SUM TRUCK SIDE L/V TRUCK SIDE L/V

30 0.53 1,34 0.20 "■.....o.53 . . '

35 0.78 -- 0.29 ; '■ ..

40 0.63 1.41 ...... o.25 ;; ...’ 0.70 ;

45 0.85 . -- 0.36 ■ --

50 0.87 1.45 0.35 0.82

55 0.94 0.39 ' '

60 0.93 279 0.41 0.97

70 - 2.85 0.96



Halfrloaded yaw and sway testing also showed stability, as shown in Table 6.10(b).
\

Table 6.10(b) Half-Loaded Yaw  and Sway Results

SPEED MAXIMUM 
AXLE SUM L/V

PREDICTED 
AXLE SUM

MAXIMUM 
TRUCK SIDE L/V

PREDICTED 
TRUCK SIDE L/V

30 0.54 -- 0.21 --

35 0.58 -- 0.24 --

40 0.65 -- 0.27 -

45 0.70 -- 0.30 --

50 0.81 -- 0.35 -

55 0.87 - 0.40 --

60 0.94 -- - 0.47 -- .
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Y aw  and sway truck side and axle sum L /V ’s were substantially lower than Chapter XI 

limiting criteria. Figures 6.20 and 6.21 show actual and predicted yaw and sway results for 

the loaded car compared to Chapter X I limits for axle sum L / V  and truck side L/V , 

respectively.

SPEED (MPH)

wm ACTUAL E S -  PREDICTED ^  CH XI LIMIT

Figure 6.20 Loaded Yaw and Sway Axle Sum L /V  Results

1.1

1 -

SPEED (MPH)
ACTUAL Eggl PREDICTED E Z 2  CH XI LIMIT

Figure 6.21 Loaded Yaw and Sway Truck Side L/V  Results
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Half-loaded truck side and axle sum L /V ’s were also lower than Chapter X I limiting 

criteria. Figures 6.22 and 6.23 show yaw and sway results for the half-loaded car compared 

to Chapter X I limits for axle sum L / V  and truck side L /V , respectively.

Figure 6.22 Half-Loaded Yaw and Sway Axle Sum L/V  Results

■ ■  ACTUAL ^ 3  CH XI LIMIT

Figure 6.23 Half-Loaded Yaw and Sway Truck Side L /V  Results
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6.8 HUNTING (HALF-LOADED, UNLOADED)

There were two limiting criteria for the Hunting Test: maximum axle sum L / V  of 1.3 for 50 

milliseconds, and maximum peak-to-peak lateral acceleration o f 1.0 g sustained for 20 seconds. 

The maximum test speed was 70 mph.

Table 6.11(a) is a tabulation of hunting results for the half-loaded configuration. No 

exceedences in the half-loaded test occurred.

Table 6.11(a) Lateral Stability Half-Loaded

SPEED MAXIMUM PEAK-TO-PEAK MAXIMUM AXLE ABSOLUTE
(mph) LATERAL ACCELERATION SUM L/V

LEADING TRAILING LEADING TRAILING
CENTERPLATE CENTERPLATE TRUCK TRUCK

30 0.32 0.32 0.41 •, 0.29

40 0.39 0.42 0.49 0.62

50 0.37 0.36 0.46 0.41

60 0.40 0.39 0.47 0.36

70 0.56 0.39 0.38 0.34
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Table 6.11(b) is a tabulation o f hunting results and predictions for the unloaded con

figuration. No exceedences occurred in the unloaded test.

Table 6.11(b) Lateral Stability Unloaded

SPEED
(mph)

MAXIMUM PEAK-TO-PEAK 
LATERAL ACCELERATION

MAXIMUM AXLE ABSOLUTE 
SUM L/V

LEADING
CENTERPLATE

TRAILING
CENTERPLATE

LEADING
TRUCK

TRAILING
TRUCK

ACT. PRED. . ACT. PRED. ACT. PRED. ACT. PRED.

30 0.35 -- 0.31 -- 0.52 . -- 0.72 --

40 0.33 0.28 0.34 0.13 0.46 0.38 0.45 0.16

50 0.37 1.33 0.37 1.42 0.57 1.21 0.70 1.17

55 0.38 - 0.39 - 0.44 0.70 --

60 0.41 1.77 0.36 0.17 0.46 1.45 0.58 0.20

65 0.46 - 0.35 -- . 0.46 -- 0.42 --

70 0.51 1.78 0.39 0.18 0.45 1.45 0.42 0.20
/ j ] :/
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7.0 CONCLUSIONS

The Fuel Car track worthiness testing included portions o f Chapter X I for loaded, half-loaded, 

and unloaded configurations. Although the loaded configuration performed acceptably in 

most o f the tests, the same tests proved to be difficult for some o f the half-loaded and almost 

all o f the unloaded operations.

The results are summarized below:

1. Hunting:

Half-loaded and unloaded conditions were tested and found to be within Chapter 

X I limits.

2. Yaw and Sway: - T

Loaded and half-loaded conditions were tested and found to be within Chapter X I 

l ■ limits., ' ■

3. Pitch and Bounce:

A ll configurations were tested and found to be within Chapter X I limits.

4. Turnouts and Crossovers:

In general, the tighter turnouts were more difficult to negotiate than crossovers for 

all configurations.

The unloaded configuration exceeded guideline criteria in most runs.

The half-loaded configuration exceeded guideline criteria in turnouts.

The loaded configuration met guideline criteria.
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Twist and Roll:

A ll roll, resonances agreed with calculations from the roll frequencies found during 

modal response testing.

, The loaded case showed no exceedences, but exhibited resonance at 24 mph, which 

corresponds to the roll frequency o f 0.9 H z found in modal response testing.

A  1.6 percent minimum vertical load at 28 mph (1.0 Hz) stopped the testing in the 

half-loaded case.

A  3 percent minimum vertical load at 26 mph stopped the testing in the unloaded 

case.

The 1.2  H z roll frequency found in modal response testing o f the unloaded config

uration would equate to a 32 mph roll speed. This speed was not attempted due to 

poor results at 26 mph and below. The twist and roll track contains perturbations 

o f 39-foot wavelengths. The truck center spacing o f the Fuel Car is 35 feet 5 inches, 

which is undoubtedly a major contributor to the cars poor performance in the twist 

and roll section.

Dynamic Curving:

The loaded car showed exceedences in this test scenario. Only three o f the nine 

speed conditions tested did not exceed the axle sum L / V  criterion.

. .The half-loaded condition was tested first in the C C W  direction and then in the CW  

direction. A n  axle sum L / V  o f 1.52 at 10 mph cancelled further testing in the CCW  

direction. In the CW  direction, exceedence did not occur; however, testing was 

terminated at 14 mph due to what appeared to be exceedences.

. Testing of the unloaded car was not planned. Due to twist and roll performance, it 

is possible that criteria would have been exceeded.
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7. Constant Curving 7.5-Degree:

Loaded and half-loaded conditions were tested and found to be within Chapter X I 

limitations.

In the unloaded condition, although the 95th percentile limitation was not surpassed 

for wheel and axle sum L /V ’s, wheel lift did occur at 32 mph. Minimum vertical 

wheel load is not part of the official limiting criteria for constant curving; but wheel 

lift is judged to be unacceptable. Rails are joined at staggered 39 foot spacings. The 

32 mph wheel lift speed does in fact correlate to the 1.2 H z resonant roll frequency 

found in the modal response testing of the unloaded Fuel Car.

8 . Constant Curving 12-Degree:

No problems were found for the loaded and half-loaded configurations, but at 16 

mph for the half-loaded case, the 95th percentile wheel L / V  was 0.78 which is close 

to the 0.80 L / V  limitation.

Testing was terminated after the first run at 16 mph during the unloaded test due to 

high wheel L / V  occurrence. ‘

9. Spiral Negotiation:

Curve entry and curve exit in the 7.5-degree curve for all configurations o f test were 

acceptable.

In the 12-degree curve, the BS at exit (CW ) had a wheel L / V  of 0.89 in the loaded 

condition; the BS at entry (CCW ) for the half-loaded configuration showed a wheel 

L / V  of 0.86.

The half-loaded configuration had a minimum vertical wheel load o f 7 percent in 

the CS at entry of the 32 mph CW  run.

The unloaded CW  run at 16 mph had several exceedeiices at entry and in the BS at 

exit.
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7.1 RECOMMENDATIONS

1. Due to poor performance in the half-loaded and empty testing, it was recommended 

that the fuel car not be tested with the full P K R G  consist in the 7.3.1 Train Test, 

unless placed at the rear of the train. The A ir Force authorized loaded (with water) 

car operation at normal fuel car position for full train testing.

2. The fuel car should be retested to determine if problems are related to specific car 

characteristics due to manufacturing tolerances.

3. If problems persist, design changes should be made.
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CHAPTER XI
SERVICE-WORTHINESS TESTS AND ANALYSES 

FOR NEW FREIGHT CARS 
Adopted 1987

11.1. PURPOSE AND SCOPE

This chapter presents guidelines for testing and analysis to ascertain the 
interchange-service worthiness of freight cars. The regimes of vehicle performance to be 
examined are divided into two sections. Section 1 covers structural static and impact 
requirements. Section 2 covers vehicle dynamic performance, with the following regimes 
to be examined: hunting, car body twist and roll, pitch and bounce, yaw and sway and 
longitudinal train action.>

Braking performance, structural fatigue life, car handling, and other design consid
erations must be considered in accordance with requirements outlined by other chapters 
of this specification.

The methods presented provide acceptable approaches to the analysis and measure
ment of car parameters and performance. Other rational methods may be proposed at 
the time of submission for design approval. Their use and applicability must be agreed to 
by the Car Construction Committee.

11.2. STATIC AND IMPACT TEST REQUIREMENTS

Application for approval of new and untried types of cars, along with supporting data 
specified in paragraph 1.2.3, shall be submitted to the Director— Technical Committees 
Freight Car Construction prior to initiation of official AAR testing. A  proposed testing 
schedule and testing procedures will be submitted sufficiently in advance of tests to 
permit review and approval of the proposal and assignment of personnel to witness tests 
as A A R  observers. Tests will be in conformity with the following and all costs are to be 
borne by the applicant, including observers.

11.2.1. TEST CONDITIONS

11.2.1.1.

A car of the configuration proposed for interchange service must be utilized for all 
tests. Deviation from such configuration is only permitted with the explicit permission of 
the Car Construction Committee. i ;

During impact tests, the test car will be the striking car and shall be loaded to AAR 
maximum gross rail load for the number and size of axles used under car (see 2.1.5.17). 
Exceptions to this procedure will be considered by the Car Construction Committee when 
justified by the applicant. '

Cars designed for bulk loading shall have a minimum of 85% of the total volume 
filled.

Cars designed for general service, other than bulk loading, shall be loaded so that the 
combined center of gravity of car and loading is as close as practicable to the center of 
gravity computed in accordance with the requirements of 2.1.3, except that general 
service flat cars may be loaded by any practicable method. The loads shall be rigidly 
braced where necessary, and various types of loads should be used to test each com
ponent to its maximum load.

The test car may be equipped with any AAR-approved draft gear or any AAR- 
approved cushioning device for which the car was designed.

4/1/90
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11.2.1.2.

The cars, other than the test car. shall be of seventy ton nominal capacity, loaded to 
the allowable gross weight on rails prescribed in 2.1.5.17.. A  high density granular 
material should be used to load cars to provide a low center of gravity, and the load 
should be well braced to prevent shifting. Such cars shall be equipped with draft gears 
meeting the requirements of AAR  Specification M-901, except at the struck end where 
M-901E rubber friction gear shall be used.

Free slack between cars is to be removed, draft gears are not to be compressed. No 
restraint other than handbrake on the last car is to be used.

11.2.2. INSTRUMENTATION

The coupler force shall be measured by means of a transducer complying with AAR 
■ Specification M-901F, or other approved means. Instrumentation used for recording of 

other data: shall be generally acceptable type properly calibrated and certified as to 
accuracy.

Speed at impact shall be recorded.

11.2.3. STATIC TESTS

11.2.3.1. COMPRESSIVE END LOAD

A  horizontal compressive static load of 1,000,000 lbs, shall be applied at the centerline 
of draft to the draft system of car/unit structure interface areas, and sustained for a 

- minimum 60 seconds! The car/unit structure tested shall simulate an axially foaded beam 
having rotation; free-rtranslation fixed end restraints. (See Figure 11.2.3.1). 7 •

No other restraints, except those provided by the suspension system in its normal- 
« running cqhditionv- are permissible. Multi-unit car must have each structurally different' 

unit subjected to such test, also two empty units joined together by their connector shall 
undergo this test to verify the connectors compressive adequacy and its anti-jackknifing 
properties.

The test is to be performed with the car subjected to the most adverse stress or, 
,i;- stability conditions (empty and/or loaded).

P

END COOE: 

ROTATION FREE 

TRANSLATION FIXED

Figure 11.2.3.1

11.2.3.2. COUPLER VERTICAL LOADS

A vertical upward load shall be applied to the coupler shank immediately adjacent to 
the striker face or to the face of the cushion unit body at one end of the car, sufficient in 
magnitude to lift the fully loaded- car free of the truck nearest the applied load, and held 
for sixty seconds. Cushion underframe cars having sliding sill are excluded from the 
requirements of this paragraph.

For cushion underframe cars having sliding sills, a vertical upward load shall be 
applied to the sliding sill in a plane as near the ends of the fixed center sills as 
practicable, sufficient-in magnitude to lift the fully loaded car free of the trUck nearest 
the applied load, and held for sixty seconds.

C-11-398
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For all cars, a load of 50.000 pounds shall be applied in both directions to the coupler 
head as near to the pulling: face as practicable and held for sixty seconds.

11.2.3.3. CURVE STABILITY

The test consist is to undergo a squeeze and draft load of 200,000 lbs. without car 
body-suspension separation or wheel lift. Load application shall simulate a static load 
condition and shall be of minimum 20 seconds sustained duration.

Cars consisting of more than two units shall be tested with a minimum of three units 
in the test consist. The number of units used shall generate maximum load in the critical 
L/V location of the car.

For the purpose of this test, wheel lift is defined as a separation of wheel and rail 
exceeding '/k" when measured 2%" from the rim face at the inside of curve for buff and 
outside for draft.

Em pty car shall be subjected to squeeze and draft load on a curve of not less than 10 
degrees. The curye is to have W  maximum superelevation. The test car is to be coupled 
to a “base car” as defined in paragraph 2.1.6.1. or a like car which ever is most severe and 
a “long car” having 90' over strikers, 66' truck centers, 60" couplers and conventional 
draft gear.

The test consist shall have means for measuring and recording coupler forces.

11.2.3.4. RETARDER AND “HOT BOX” DETECTION

Cars with other than conventional 3 piece trucks must be operated while fully-loaded 
over a hump and through a retarder. Retarder shall be operated to determine capability 
to brake the test cars. Such cars must also demonstrate their compatibility with hot box 

. detection systems or be equipped with on-board hot box detection systems.

11.2.3.5. JACKING

, Vertical load capable of lifting a fully loaded car/unit shall be applied at designated 
. jacking locations sufficient to lift the unit and permit removal of truck or suspension 

arrangem ent nearest to the load application points.

11.2.3.6. TWIST LOAD

Loaded car/unit shall be supported on the side bearings or equivalent load points 
only. Diagonally opposite bearing or load point support shall be lowered through a 
distance resulting from a calculated 3" downward movement of one wheel of the truck or 
suspension system sqpporting it. No permanent deformation of car/unit structure shall 
be produced by this test.

11.2.4. IMPACT TESTS

These requirements apply to all cars except those exempted by other specification 
requirements. ,

11.2.4.1. SINGLE CAR IMPACT

The loaded car shall be impacted into a string of standing cars consisting of three 
nominal 70-ton capacity cars, loaded to maximum gross weight on rails as described in 
paragraph 2.1.5.17, with sand or other granular material, equipped with M-901E rubber- 
friction draft gear at the struck end and with the hand brake on the last car on the 
non-struck end o f the string tightly set. Free slack between cars is to be removed; 
however, draft gears are not to be compressed. No restraint other than handbrake on the 
last car is to be used.

6'I 88
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A series of impacts shall be made on tangent track by the striking car at increments 
of two miles per hour starting at six miles per hour until a coupler force of 1,250,000 
pounds or a speed of fourteen miles per hour has been reached, whichever occurs first.

A car consisting of two or more units must also undergo impact testing as outlined 
above with the leading unit of the test car being empty for a two-unit car, or with the 
first two units being empty for a three (or more) unit car. No carbody-suspension 
disengagement or wheel lift is permitted during the partially loaded impact tests.

11.2.4.2. DYNAMIC SQUEEZE

(Optional-M ay be performed in lieu of or in addition to static end compression test if 
requested by the Car Construction Committee.)

The striking and standing car groups shall each consist of six cars, in which the test 
car may be the lead car in either group. All cars except the test car shall be as prescribed 
in 11.2.1.2. The brakes shall be set on all standing cars after ail slack between cars has 
been eliminated. There shall,be no precompression of the draft gears. The standing cars 
shall be on level tangent track. The striking bars, coupled together, shall be adjusted, if 
necessary, to restore the original conditions.

A  series of impacts shall be made at increments of two miles per hour starting at six 
miles per hour until a coupler force of 1,250,000 pounds or a speed of fourteen miles per 
hour has been reached, whichever occurs first.

11.2.5. INSPECTION

A visual inspection of the test car shall be made after each static test and after each 
impact. Following the impact tests, the car shall be unloaded and inspected.

Any permanent damage to any major structural part of the car, found before or after 
all tests are completed, will be sufficient cause for disapproval of the design. Damage will 
be considered permanent when the car requires shopping for repairs.

11.3. TRACK-WORTHINESS ASSESSMENT s;

11.3.1. METHODOLOGY

Regimes are identified, representative of the performance of the car in service. Tests 
are defined for each regime. The results of the tests are an indication of the car’s 
track-worthiness. In most regimes, analytic methods are also available to permit predic
tion to be made of the performance of the car, to the degree of accuracy required.

The characteristic properties of the car body and its suspension, required for the 
analysis, shall be supported by evidence of their validity. Characterization tests, such as 
those defined in Appendix A, are required to verify the values used in the analyses.

11.3.2. TRACK-WORTHINESS CRITERIA

The criteria applied to the analyses and tests are chosen from a consideration of the 
processes by which cars deviate from normal and required guidance. They are also 
subject to the requirement of observability in tests. Typical of these are lateral and 
vertical forces, the lateral over vertical force (L/V) ratios, dynamic displacements, and 
accelerations of the masses. These criteria are based on considerations of the processes of 
wheel climb, rail and track shift, wheel lift, coupler and component separation and 
structural integrity.

The values chosen for the criteria selected have been used in tests on cars presently 
in service. Those included in the body of this chapter are shown in Table 11.1. Values 
worse than these are regarded as having a high risk of unsafe behavior. Values better 
than these are regarded as indicating the likelihood of safe car performance.
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Table 11.1 Criteria for Assessing the Requirements 

for Field Service r’

Regime Section Criterion Limiting Value

Hunting (empty) 11.5.2 minimum critical speed
(mph)
maximum lateral

70

' , . , . .. acceleration (g) l.Q
! F; : - ' 1 ' . . maximum sum L/V ax}e 1.3*

Constant curving (empty and loaded) 11.5.3 95th percentile 0.8
maximum wheel L/V
or
95th percentile

■ • -  ... . . . . . maximum sum L/V axle 1.3

Spiral (empty and loaded) 11.5.4 minimum vertical
load (%) V - 10 **
maximum wheel L/V 0.8*

Twist, Roll (empty and loaded) 1L6.2 maximum roll (deg)*** 6
. • i ... 1 - • - ' - . ^ maximum sum L/V axle 1.3

minimum vertical
o; ( ■ - -■ : ' ■ ■ *■ load(%) 10 **

Pitch, Bounce (loaded) 11.6.3 minimum vertical
load (%) 10 **

Yaw, Sway (loaded) 11.6.4 maximum L/V truck 
side 0.6*
maximum sum L/V axle 1.3*

, f
Dynamic curving (loaded) 11.6.5 maximum wheel L/V 

or
0.8*

maximum sum L/V axle 1.3*
maximum roll (deg) ** 
minimum vertical

6

. 5\-: . ■ .. = load (%) 10 **

Vertical curve 11.7.2 to be  added****

Horizontal curve 11.7.3 to be added****

* Not to exceed indicated value for a period greater than 50 milliseconds per exceedence
** Not to fall below indicated value for a period greater than 50 milliseconds per exceed

ence
*** Peak-to-peak
**** See the introduction to section 11.7.1
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11.4. GLOSSARY OF TERMS

Radial misalignment of axles in a truck or car is the difference in yaw angle in their 
loaded but otherwise unforced condition. It causes a preference to curving in a given 
direction.

Lateral misalignment is the difference in lateral position between axles. It causes 
both axles to be yawed in the same direction on straight track.

Inter-axle shear stiffness, equivalent to the lozenge or tramming stiffness in 3-piece 
trucks, is the stiffness between axles in a truck or car found by shearing the axles in 
opposite directions along their axes, and measuring the lateral deflection between them.

Inter-axle bending stiffness is the stiffness in yaw between axles in a truck or car.

Bounce is the simple vertical oscillation of the body on its suspensions in which the 
car body remains horizontal.

Pitch of the body is the rotation about its transverse axis through the mass center.

Body yaw is the rotation of the body about a vertical axis through the mass center.

Body roll is the rotation about a longitudinal axis through the mass center.

Upper and lower center roll are the coupled lateral motion and roll of the body center 
of mass. They combine to give an instantaneous center of rotation above or below the 
center of mass. When below the center of mass, the motion is called lower center roll. 
When above, the motion is called upper center roll.

Sway is the coupled body mode in roll and yaw and it occurs where the loading is not 
symmetrical.

Unbalance is used in this chapter to mean the additional height iri inches, which if 
added to the outer rail in a curve, at the designated car speed, would provide a single 
resultant force, due to the combined effects of weight and centrifugal force on the car, 
having a direction perpendicular to the plane of the track. Thus, the unbalance (U) is 
defined as:

U n b a la n c e  U = ^  -  H 
1480

is the degree of the curve, 
is the vehicle speed in mph.
is the height, in inches, of the outer rail over the inner rail in 
the curve.

Effective conicity, E, of a wheel on a rail is its apparent cone angle used in the 
calculation of the path of the wheel on the rail. It is defined as:

E - A ( i c ^ T d
where, A is the angle of the contact plane .between the wheel and rail, to

the plane of the track.
Rw is the transverse profile radius of the wheel.
R r is the transverse profile radius of the rail.

The effective conicity of the modified Heumann wheel of Figure 8.1 on A R E A  132 lb 
rail, under conditions of tight gage, is between 0.1 and 0.3.

where, D
V
H
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Three ratios of lateral (L) to vertical (V) forces are used as criteria in the assessment 
of car performance. These are:

(1) The individual wheel L/V, (or wheel LTV). This is defined as the ratio of the lateral 
force to the vertical force between the wheel and rail on any individual wheel. It is 
used to assess the proximity of the wheel to climbing the rail.

(2) The instantaneous sum of the absolute wheel L/V's on an axle, (or sum L/V axle). This 
is defined as the sum of the absolute values of the individual wheel L/V’s on the 
same axle, as given in the following algebraic equation. They must be measured at 
the same time.

Sum L/V axle = | L/V (left whl) + | L/V (right whl) j

It is used to assess the proximity of the wheel to climbing the rail and is more 
appropriate where the angle of attack of the flanging wheel to the rail does not 
result in full slippage at the area of contact.

(3) The truck side L/V, (or L/V truck side). This is defined as the total sum of the lateral 
forces between the wheels and rails on one side of a truck divided by the total sum of 
the vertical forces on the same wheels of the truck, as given in the following 
algebraic expression.

Truck side L/V SL (truck side) 
2V (truck side)

It is used to indicate the proximity to moving the rail laterally.

11.5. SINGLE CAR ON UNPERTURBED TRACK

11.5.1. GENERAL

. The regimes described in this section are chosen to test the track-worthiness of the 
car running on premium track. They are required to establish the safety of the car from 
derailm ent under conditions basic to its performance in service and are carried out under 
operating conditions similar to those found in normal service, but without the effects of 
dynamic variations due to adjacent cars or large perturbations associated with poor 
track.

The param eters used in the analysis shall be confirmed in characterization tests 
described in Appendix A. The results of the following analyses and tests shall be included 
for the consideration of approval by the Car Construction Committee.

11.5.2. LATERAL STABILITY ON TANGENT TRACK (HUNTING)

This requirement is designed to ensure the absence of hunting, which can result 
from the transfer of energy from forward motion into a sustained lateral oscillation of 
the axle between the wheel flanges, in certain car and suspension designs. The analyses 
and tests are required to show that the resulting forces between the wheel and rail 
remain within the bounds necessary to provide an adequate margin of safety from any 
tendency to derail.

11.5.2.1. PREDICTIONS AND ANALYSES

An analysis shall be made of the critical speed at which continuous full flange' 
contact is predicted to commence, using a validated mathematical model and the 
param eters measured for the empty test car. This analysis shall include predictions on 
tangent and on 1/2 and 1 degree curves.
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The analytic requirement is that no hunting be predicted for the empty car below 70 
miles per hour assuming a coefficient of friction of 0.5 and an effective conicity of 0.15, for 
the modified Heumann wheel profile given in Figure 8.1 of Chapter VIII, on new A R E A  
.136 lb. rail, for axle lateral displacements up to +/ -  0.2 in. on track with standard gauge.

11.5.2.2. TEST PROCEDURE AND CONDITIONS

The empty test car shall be placed at the end of the test consist, behind a stable 
buffer, car, and operated at speeds up to 70 miles per hour on tangent class 5 or better 
track, with dry rail.

All axles of the lead unit or car shall be equipped with modified Heumann profile 
wheels as shown in Figure 8.1 of Chapter VIII, with the machining grooves worn smooth 
on the tread.

The rail profile shall be new A R E A  136 lb. or an equivalent which, with the Heumann 
wheel specified, gives an .effective conicity of at least 0.15 for lateral axle displacements 
of + /- 0.2 inch from the track center. The track gage may be adjusted in order to 
achieve this minimum effective conicity. If hunting is predicted^for curved track in 
section 11.5.2.1, a special hunting test in shallow curves may be requested. ,

11.5.2.3. INSTRUMENTATION i\ND CRITERIA

. The leading axle of both trucks on an end unit or car, or each axle on an end unit or 
car with single-axle trucks, shall be equipped with instrumented \yheelsets, and each 
truck location on the end unit or car shall be equipped with a lateral accelerometer on 
the deck above the center of the truck.  ̂ Kf .

Sustained truck hunting shall be defined as a sustained lateral acceleration greater 
than 1 g  peak-to-peak for at least 20 consecutive seconds. No occurrences of greater than
1.5 g peak-to-peak are permitted within the same time period. The instantaneous sum of 
the absolute values of the L/V ratios shall not ‘ exceed 1.3 on any instrumented axle. 
Components of the measured accelerations and forces having frequencies above 15 hertz 
are to be filtered out. . ,

The car shall not experience sustained truck hunting during the test. A record of 
maximum lateral acceleration and the wheel L/V’s on the same axle, against speed, at 
the worst location, shall be submitted as required test data.

11.5.3. OPERATION IN CONSTANT CURVES

This requirement is designed to ensure the satisfactory negotiation of track curves. 
The analyses and tests are required to show that the resulting forces between the wheel 
and rail are safe from any tendency to derail and to confirm other predictions of the car 
behavior relating to the guidance of the car and absence of interferences,

11.5.3.1. PREDICTIONS AND ANALYSES

An analysis shall be made of the wheel forces and axle lateral displacements and yaw 
angles on a single car, empty and fully loaded, using a validated mathematical model. 
The model shall include a fundamental representation of the rolling contact forces using 
the geometry of the profiles of the wheel and rail, and car parameters from the 
measurements described in Appendix A. ,

Either the individual wheel L/V shall be less than 0.8 on all wheels measured, or the 
instantaneous sum of the absolute wheel L/Vs on any axle shall be less than 1.3, for any 
curve up to 15 degrees. The* range of unbalance assumed shall be - 3  inches to +3 inches, 
with a coefficient of friction of 0:5 and modified Heumann profiled wheels on new AR EA 

i 132 lb. or 136 lb. rail.
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1L5.3.2. TEST PROCEDURE .AND CONDITIONS

The test car shall be operated at constant speeds equivalent to unbalances of -3 . 0. 
and + 3 inches. The tests shall be run with the test car in both empty and fully loaded 
conditions, between two heavy buffer cars, one of which may be replaced by an instru
mentation car. A complete set of tests shall be carried out in both directions and with the 
test consist turned in each direction, on dry rail.

The wheels of the test car shall have less than 5000 miles wear on the new profiles 
specified for production, except that those on instrumented wheelsets shall have modified 
Heumann profiles. The rail profiles shall have a width at the top of the head not less than 
!)5 percent of the original value when new: The test curve shall be of not less than 7 
decrees with a balance speed of “20 to MO mph, and with class 5 or better track.

11.5.M.M. INSTRUMENTATION AND CRITERIA

The leading; axle'of both trucks on an end unit or car, or each axle on an end unit or 
car with single-axle trucks, shall be equipped with instrumented wheelsets. The lateral 
and vertical forces and their ratio, L/V, shall be measured for the length of the body of 
the Curve, which must be at least 500 ft., and their maxima and nieans computed. 
Measured force components having frequencies above 15 hertz are to be filtered1 out.

E ither the individual wheel L/V shall be less than 0.8 on all wheels measured, or the 
instantaneous sum of the absolute wheel L/Vs on any axle shall be less than 1.3. A  record 
of L/V on both wheels of the instrumented axles, for each test run, shall be submitted as 
required test d ata.; ;

11.5.1. SPIRAL NEGOTIATION AND WHEEL UNLOADING

This requirement is designed to ensure the satisfactory negotiation of spirals leading 
into and away from curves. The analyses and tests are required to show that the 
resulting forces between the wheel and rail show an adequate margin of safety from any 
tendency to derail, especially under reduced wheel loading, and to confirm other predic
tions of the car behavior.

11.5.1.1. PREDICTIONS AND ANALYSES

An analysis shall be carried out of the lateral and vertical wheel forces on a single 
car, with the car loaded asymmetrically, consistent with AAR loading rules, to give 
maximum wheel unloading.

The analysis shall be made for a speed equivalent to a mean unbalance at the car 
center of -M inches to + 3 inches with a coefficient of friction of 0.5 and modified 
Heumann wheel and new AREA 132 lb. or 1315 lb:.rail profiles.

The predicted lateral-to-vertical force ratio shall not exceed 0.8, and no vertical wheel 
load shall be less than 10 percent of its static value, in a bunched spiral, with a change in 
superelevation of 1 inch in every 20 ft, leading into a curve of at least 7 degrees and a 
minimum of 3 inches superelevation.

11.5.4.2. TEST PROCEDURE AND CONDITIONS

This test may be carried out concurrently with the previous test, paragraph 11.5.3.2. 
The test car shall be operated, empty and fully loaded, between two heavy buffer cars, 
one of which may be an instrumentation car, at constant speeds equivalent to an 
unbalance of -3 , 0, and +3 inches at the maximum curvature.

The wheels of the test car shall have less than 5000 miles wear on the new profiles 
specified for production, except that those on instrumented wheelsets shall have modified 
Heumann profiles. The rail profiles shall have a width at the top of the head not.less than 
05 percent of the original value when new.
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The maximum curvature shall be not less than 7 decrees, with a minimum of 3 inches 
superelevation. A bunched spiral, with a change in superelevation of not,less, than 1 inch 
in every 20 ft., is required. The track shall be class 5 or better and dry. Tests shall be run 
in both directions and with the consist turned.

11.5.4.3. INSTRUMENTATION AND CRITERIA
The leading axle on both trucks on an end unit or car, or each axle on an end unit or 

car with single-axle trucks, shall be equipped with instrumented wheelsets.

The lateral and vertical forces and their ratio, L/V, shall be measured continuously 
through the bunched spiral, in both directions, and their maxima and minima computed. 
Measured force components having frequencies above 15 hertz are to be filtered out.

The maximum L/V ratio on any wheel shall not exceed 0.8, and the vertical wheel 
load shall not be less than 10 percent of the measured static value. A record of L/V’s and 
vertical forces on both wheels of the two worst axles in a car, and car body roll angle, for 
each test, shall be submitted as required test data.

ll.fi. SINGLE CAR ON PERTURBED TRACK

ll.fi.l. GENERAL
The analyses and tests described in this section are designed to establish the track- 

worthiness of the car under conditions associated with variations in the track jgieometry. 
They include the dynamic response due to perturbations in the track but exclude the 
dynamic effects due to coupling with adjacent cars.

The investigations are designed to demonstrate that the car design provides an 
adequate margin of safety from structural damage and from any tendency to derail.

The tests shall be completed and their results found satisfactory by the AAR 
observers. The results identified shall be added as required data for the consideration of 
the Car Construction Committee.

ll.fi.2. RESPONSE TO VARYING CROSS-LEVEL (TWIST AND ROLL)
This requirement is designed to ensure the satisfactory negotiation of oscillatory 

cross-level excitation of cars, such as occurs on staggered jointed rail, which may lead to 
large car roll and twist amplitudes. The analyses and tests are required to show that the 
resulting forces between the wheel and rail show an adequate riiargin of safety from any 
tendency to derail.

,, J  • ‘ ’
U.fi.2.1. PREDICTIONS AND ANALYSES «

A  review shall be made of any tests and analyses for the natural frequency and 
damping of the car body, in the roll and twist modes, in the empty and fully loaded 
conditions, and an estimate made of the speed of the car at each resonance.

The maximum amplitude of the carbody in roll and twist, the maximum instanta
neous sum of the absolute values of the wheel L/V ratios on any axle, the minimum 
vertical wheel load, and the number of cycles to reach them, shall be predicted at 
resonant speed of 70 mph or below, on tangent track, with staggered jointed rails of 39 ft. 
length, and a maximum, cross-level at the joints of 0.75 in. as shown in Fig. 11.1.

The instantaneous sum of the absolute values Of the wheel L/V ratios on any axle 
shall be less than 1.3, the predicted roll angle of the carbody shall not exceed 6 degrees 
peak-to-peak, and the vertical wheel load shall hot be less than 10 percent of its static 
value, within 10 rail lengths of the start, at any speed at or below 70 mph.
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11.6.2.2. TEST PROCEDURE AND CONDITIONS

The test car shall be between two ciars chosen for their stable performance. Tests 
shall be carried out with the test car empty and fully loaded.

The test shall be on tangent track with staggered 39 ft. rails on good ties and ballast, 
shimmed to a,cross level of 0.75 in., low at each joint as shown in Fig. 11.1, over a test 
zone length of 400 ft., but otherwise held to class 5 or better.

The test shall be carried out at constant speed, increasing in 2 mph steps from well 
below any predicted resonance until it is passed, or approaching it from a speed above 
that expected to give a resonant condition. The test shall be stopped if an unsafe 
condition is encountered or if the maximum of 70 mph is reached. It shall be regarded as 
unsafe if a wheel lifts or if the car body roll, angle exceeds 6 degrees, peak-to-peak.

11.6.2.3. INSTRUMENTATION AND CRITERIA

The leading axle of both trucks on an end unit or car, or each axle on an end unit or 
car with single-axle trucks, shall be equipped with instrumented wheelsets. The car body 
roll angle shall also be measured at a minimum of each end of an end unit.

The wheel forces, the mean roll angle and difference in roll between ends for each 
unit,.shall be measured continuously through the test zone. Measured force components 
having frequencies above 15 hertz are to be filtered out.

The sum of the absolute values of wheel L/V on any instrumented axle shall not 
exceed 1.3, the roll angle of the carbody of any unit shall not exceed 6 degrees 
peak-to-peak and the vertical wheel load shall not be less than 10 percent of its static 

. value at any speed tested.

A  record of the vertical loads measured at the axle with the lowest measured vertical 
load, and the roll angles measured-at each end of the most active unit of the car, taken at 
th e ,resonant speeds, for each car load, shall be submitted as required test data.

11.6.3. RESPONSE TO SURFACE VARIATION (PITCH AND BOUNCE)

This requirement is designed to ensure the satisfactory negotiation of the car over 
track which provides a continuous or transient excitation in pitch and bounce, and in 
particular the negotiation of grade crossings and bridges, where changes in vertical 
.track .stiffness may lead to sudden changes in the loaded track profile beyond those 
measured during inspection. The analyses and tests are required to show that the 
resulting forces between the wheel and rail show an adequate margin of safety from any
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! tendency for the car to derail, to uncouple, .or to show interference either between 
subsystems of the car or between the car components and track.

11.6.3.1. -PREDICTIONS AND ANALYSES

A  review shall be made o f any tests and analyses for the natural frequency and 
damping of the car body, fully loaded, in the modes of pitch and bounce, and an estimate 
made of the resonant speed of the car when excited by a track wavelength of 39 feet.

The vertical wheel load shall, be predicted at these speeds or at 70 mph, whichever is 
greater, for a continuous near sinusoidal excitation with a vertical amplitude to the track 
surface of 0.75 inches peak-to-peak and a single symmetric vertical bump in both rails* of 
the shape and amplitude shown in Fig. 11.2, predicted vertical wheel load shall not be 
less than 10 percent of its static value at any resonant speed at or below 70 mph, within 
10 rail lengths of the start of the continuous sinusoid or following the single bump.

CONTINUOUS DIPS AT SYMMETRIC POINTS

TRACK SU R FACE VARIATION FOR PITCH AND BOUNCE

11.6.3.2. TEST PROCEDURE ANI) CONDITIONS

The fully loaded test car shall be tested between two light cars that have at least 45 
ft. truck center spacing.

Tests shall be carried out on tangent track with surface deviations providing a 
continuous, near sinusoidal, excitation with a vertical amplitude to the track surface of 
0:75 inches peak-to-peak and a single symmetric vertical bump in both rails of the shape 
and amplitude shown in Fig. 11.2. These tests may be carried out separately, or together, 
with a separation of at least 100 feet. The track shall otherwise be held to class 5 or 
better. .  ̂ ;

Testing shall start at constant speed well below any predicted - resonant speed, 
increasing in 5 mph steps until an unsafe condition is encountex-ed, the resonance is 
passed, or the maximum of 70 mph is reached. The speed at which resonance is expected 
may be approached from a higher speed, using steps to decrease the speed. It shall be 
regarded as unsafe if any wheel lifts.
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'11.6.3.3.. INSTRUMENTATION AND CRITERIA
The leading axle on both trucks on an end unit or car, or each axle on an end unit or 

car with single-axle trucks, shall be equipped with instrumented wheelsets. The vertical 
wheel forces shall be measured continuously through the test zone. Measured force 
components having frequencies above 15 hertz are'to be filtered out.

The vertical wheel .load shall not be less than 10 percent of its static value on any 
wheel at any speed tested. A record of the vertical loads measured on the axle with the 
lowest vertical load shall be submitted as required test data.

11.6.4. RESPONSE TO ALIGNMENT VARIATION ON TANGENT TRACK
(YAW AND SWAY)
This requirement is designed to ensure the satisfactory negotiation of the car over 

track with misalignments which provide excitation in yaw and sway. The analyses and 
tests are required to show that the resulting.forces between the wheel and rail show an 
adequate margin of safety from any tendency for the ca.r forces to move the track or rail 
or to give interference either between subsystems of the car or between the car 
components and track.

11.6.4.1. PREDICTIONS AND ANALYSES
A  review shall be made of the previous tests and analyses for the natural frequency 

and damping of the car body, fully loaded, in the yaw and roll modes. These may combine 
in a natural motion referred to as sway, which, if present, must be included in this 
analysis. Using the values for frequency and damping identified, ari estimate shall be 
made of the resonant speed of the car, in each mode.

The car shall be assumed to be excited by a symmetric, sinusoidal track alignment 
deviation of wavelength 39 feet, on tangent track. The ratio of the sum of the lateral to 
that of the vertical forces on all wheels on one side of any truck shall be predicted at 
resonance or at 70 mph, whichever is greater, for a sinusoidal double amplitude of 1.25 
inches peak-to-peak on both rails and a constant wide gage of 57.5 inches, as shown in 
Fig. 11.3.

The predicted truck side L/V shall not exceed 0.6, and the sum of the absolute values 
of L/V on any axle shall not exceed 1.3, at any speed at or below 70 mph, within 5 rail 
wavelengths of the start.

11.6.4.2. TEST PROCEDURE AND CONDITIONS
The fully loaded test car shall be placed at the end of the test consist, behind a buffer 

car of at least 45 feet truck center spacing, chosen for its stable performance.

Tests shall be carried out on dry tangent track, with symmetric, sinusoidal align
ment deviations of wave length 39 feet, alignment amplitude 1.25 inches peak-to-peak 
and.a constant wide gage of 57.5 inches, over a test zone of 200 feet as shown in Fig. 11.3. 
The track shall otherwise be held to class 5 or better.

The wheels of the test car shall have less than 5000 miles wear on the new profiles 
specified for production, except that those on instrumented wheelsets shall have modified 
Heumann profiles. The rail profiles shall have a width at the top of the head not less than 
95 percent of the original value when new.
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TRACK ALIGNM ENT VARIATIONS FOR YAW AND SWAY

Testing shall start at constant speed well below any predicted resonant speed, 
increasing in 5 mph steps until an unsafe condition is encountered, the resonance is 
passed, or the maximum of 70 mph is reached. It shall be regarded as unsafe if the ratio 
of total lateral to vertical forces, on any truck side measured, exceeds 0.6 for a duration 
equivalent to 6 feet of track.

11.6.4.3. INSTRUMENTATION AND CRITERIA
All axles on the truck estimated to provide the worst total truck side L/V, or each 

axle on an end unit or car with single-axle trucks, shall be equipped with instrumented 
wheelsets. The wheel forces shall be measured continuously through the test zone. 
Measured force components having frequencies above 15 hertz are to be filtered out.

The truck side L/V measured shall not exceed 0.6 for a duration equivalent to 6 feet 
of track, and the sum of the absolute values of L/V on any axle shall not exceed 1.3, at 
any speed at or below 70 mph. A record of the lateral and vertical loads, measured on the 
truck with the largest truck side L/V. shall be submitted as required test data.

11.6.5. ALIGNMENT, GAGE AND CROSS-LEVEL VARIATION IN CURVES 
(DYNAMIC CURVING)

This requirement is designed to ensure the satisfactory negotiation of the car over 
jointed track with a combination of misalignments at the outer rail joints and crosslevel 
due to low joints on staggered rails at low speed. The analyses and tests are required to 
show that the resulting forces between the wheel and rail show an adequate margin of 
safety from any tendency for the car forces to cause the wheel to climb the rail or to 
move the track or rail or to give unwanted interference, either between subsystems of 
the car, or between the car components and track.

11.6.5.1. PREDICTIONS AND ANALYSES
A review shall be made of the previous tests and analyses for the natural frequencies 

and response of the car body, fully loaded, in the yaw and roll modes.

No analysis is presently available, which can predict the results accurately for this 
test, for all possible designs. It is therefore necessary to provide additional safety 
features in the running of the test program to prevent unexpected derailments or 
unnecessary damage.*

’ Analyses suitable for predictions of new car performance in this test are under development 
and will be added later.
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11.6.5.2. TEST PROCEDURE AND CONDITIONS

The test car shall be operated between two cars that are loaded to provide them with 
a low center of gravity. If suitable, an instrumentation car may be used as one of these 
cars.

' Tests shall be carried out on dry rail, in a curve of between 10 and 15 degrees with a 
balance speed of between 15 and 25 mph, with'the test car empty and fully loaded.

The wheels of the test car shall have less than 5000 miles wear on the new profiles 
specified for production, except that those on instrumented wheelsets shall have modified 
Heumann profiles. The rail profiles shall have a width at the top of the head not less than 
95 percent of the original value when new.

The track shall consist of staggered rails, 39 feet long, on good ties and ballast, 
shimmed to provide a cross level of 0.5 inch, low at each joint, over the test zone length of 
200 feet, as shown in Figure 11.4.

±  0 .0 6  in.

Figure 11.4.

: CROSS L E V E L  FOR DYNAMIC CURVING TESTS

Combined gage and alignment variation shall be provided in the test zone by 
shimming the outer rail in the form of an outward cusp, giving a maximum gage of 57.5 
inches at each outer rail joint and a minimum gage of 56.5 inches at each inner rail joint, 
the inner rail being within class 5 standards for alignment in curves, as given in Figure 

• 11.5. -

LOW JOINT

Figure 11.5.

GAGE AND ALIGNM ENT VARIATION IN DYNAM IC CURVING
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It is recommended that a guard rail be used to prevent unpredicted derailment; 
however, it must not be in contact with the wheel during normal test running. The test 
shall be carried out at constant speeds up to 3 inches of overbalance, increasing in 2 mph 
steps from well below any predicted lower center roll resonance until it is passed. The 
resonance may be approached from a speed above that predicted to give a lower center 
roll resonance.

The test shall be stopped if an unsafe condition is encountered or if the maximum 
unbalance is reached. It shall be regarded as unsafe if a wheel lifts, the instantaneous 
sum of the absolute L/V values of the individual wheels on any axle exceeds 1.3, or dar 
body roll exceeds 6 degrees, peak-to-peak.

ll.fi.5.3. INSTRUMENTATION AND CRITERIA

The leading axle on both trucks on an end unit or car, or each axle on an end unit or 
car with single-axle trucks, shall be equipped with instrumented wheelsets. The car body 
roll angle shall also be measured at one end of the lead unit. The lateral and vertical 
wheel forces and the roll angle shall be measured continuously through the test zone. 
Measured force components having frequencies above. 15 hertz are to be filtered out.

The maximum roll angle shall not exceed 6 degrees, peak-to-peak, the vertical wheel 
load shall not be less than 10 percent of its static value, the individual wheel L/V shall be 
less than 0.8. iand the instantaneous sum of the absolute wheel L/Vs on any axle shall be 
le£s than 1.3, at any test speed.

,. A record of both wheel loads measured, on the axle with the, lowest measured vertical 
load and largest measured lateral load, and the roll angles measured, taken at the 
resonant speeds for each car load, shall be submitted as required test data.

11.7. COUPLED CARS AND UNITS

11.7.1. GENERAL

The tests described in this section will be designed to establish the track-worthiness 
of the car under conditions associated with the realistic operation of cars within a train. 
This may include severe transient forces due to coupling with adjacent cars. These forces 
may have a significant effect on the stability of cars and may lead to derailment. The 
investigations will be designed to demonstrate that the car design provides an adequate 
margin of safety from structural damage and from any tendency to derail.

11.7.2. VERTICALLY CURVED TRACK * >

* This section to be added at a later date

11.7.3. HORIZONTALLY CURVED TRACK +

+ Investigations are currently underway which will allow the addition of this section 
in the near future.
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APPENDIX A
VEHICLE CHARACTERIZATION 

Adopted 1987

1.0. GENERAL

The characteristic properties of the car body and its suspension, required for 
analysis of its track-worthiness, must be supported by test results providing evidence of 
their validity. Forces and motions between suspension components and the body modal 
frequencies of the car, as assembled, can vary sigriific'antly from'the values calculated or 
specified’ in the deisign, and may be important to the safe performance of the vehicle.

1.1. TEST CAR

It is important that characterizations be carried out on the particular car in the 
same condition th at it is to be track tested so that accurate predictions of its performance 
can be made. For cars with more than one type of suspension, at least one of each type 
should be tested.

The, tests apply to all new car suspensions, including trucks retrofitted with devices 
such as inter-axle connections, sideframe cross-bracing and additional suspension ele
ments; which have not been tested previously.

Tests for horizontal characteristics of the. suspension of trucks with at least two 
axles, may be carried out with the truck separated from the body. In this case static 
vertical loads must be applied to simulate those due to the body or bodies and the 
rotational and lateral characteristics between the truck and body must be measured 

- separately.

Where connections exist between the truck and body that may affect the truck 
characteristics, such as with a truck steered through links to the body, and for all cars 
with single axle trucks, the suspension characteristics must be tested while connected to 
the body.

,Where the truck is at the junction of two articulated bodies, both must be simulated 
or used in the suspension characterization tests specified.

1.2. TEST LOADS

Modal tests, and tests for the horizontal and vertical suspension characteristics are 
required with vertical loads equivalent to the car in the loaded condition required for the 
analyses in which the results will be used. This includes tests to measure the alignment 
of the axles to each other and to other elements in the system.

1.3. GENERAL PROCEDURE

In tests for the suspension characteristics, the recommended procedure is to load the 
suspension and to measure the load and displacement, or velocity, across the particular 
suspension element, in the required direction. These should be recorded up to the 
required maximum and down to the required minimum identified.

The loads may be applied, either through automatic cycling at an appropriate 
frequency or through manual increase and decrease of load through at least two 
complete cycles. If manual loading is used, delays and intermediate load reversals 
between measurements should be avoided. For the determination of stiffness and 
frictional energy dissipation, the frequency of cycling must be between 0.2 arid 0.5 hertz.

Graphs of load versus displacement or velocity are desirable for the determination of 
the required stiffness or damping.
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2.0. TESTS WITH THE WHEELS RESTRAINED

2.1. GENERAL

In the tests described in this section, the wheels are rigidly attached to the rails or 
supporting structure and the frame is moved relative to them.

The methods described are not suitable for trucks having steering links, which 
couple the lateral or roll motion of the body or truck frame to the yaw motion of the 
axles. In such a case, provision must be made for unrestrained longitudinal movement of 
the wheels, discussed in section 3. The steering links may be disconnected to measure the 
characteristics of suspension elements in the unsteered condition.

All tests require that the actuators and restraining links, other than those at the 
wheels, have the equivalent of ball joints at both ends to allow for motion perpendicular 
to their axis.

2.2. VERTICAL SUSPENSION STIFFNESS

For this test, equal measured vertical loads are applied across the< spring groups in 
the range from zero to 1.5 times the static load, if possible, and at least to the static load 
of the fully loaded car. Vertical actuators are attached to each side of the body or the 
structure simulating it. The load may also be applied by adding dead load or a combina
tion of both dead and actuator loads.

Vertical deflections are required across all significant spring elements under load. It 
is important to report any differences in the measurements taken between each .axle and 
frame or sideframe.

2.3. TOTAL ROLL STIFFNESS

A roll test is required if the roll characteristic between the body and axle includes 
movement at or forces due to elements other than the vertical suspension, such as 
clearances at sidebearings, or anti-roll bars.

For the roll test, two vertical actuators are required as in the vertical test, but with 
the loads in the actuators in opposite directions. The range of roll moments, in inch- 
pounds, applied to the truck should be between plus and minus 30 times rits static load, in 
pounds, or until the wheels lift. The roll angle across all suspension elements may be 
measured directly or deduced from displacements.

2.4. TOTAL LATERAL STIFFNESS

The lateral stiffness characteristic may be found by attaching an actuator to apply 
loads laterally to the body or bodies, which should be positioned as if on tangent track. If 
the lateral motion of the truck frame is coupled to its yaw through a steering mechanism, 
it should be disconnected to prevent the yaw resistance of the frame from affecting the 
measurement of lateral stiffnesses.

The minimum and maximum lateral loads applied per truck should be minus; and 
plus one fifth of the static load carried. Measurements are required of the lateral 
displacements across all suspension elements.

2.5. INTER-AXLE TWIST AND EQUALISATION
This test is carried out with only one axle fixed to the track. One, wheel of the.other 

axle in the car or truck is jacked up to a height of 3 inches, and the vertical load and 
displacement are measured. The stiffness between the axles in twist is the ratio of the 
load to the displacement multiplied by the square of the gage. It is a measure of the truck 
equalization.
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3.0. TESTS WITH UNRESTRAINED WHEELS

3.1. GENERAL

These tests involve movements in the suspension system,and axles relative to other 
elements of the system or to other axles, without restraint between the wheel and rail, 
but with the normal static vertical load.

The shear resistance between the rail and the wheel must be eliminated by the 
provision of a device having very low resistance, such as an air bearing, under each axle.

3.2. AXLE ALIGNMENT

Both radial and lateral misalignments may be deduced from measurements of the 
yaw angle of each axle from a common datum. The radial misalignment between axles is 
half the difference in their yaw angles, taken in the same sense, and the lateral 
misalignment is their mean yaw angle.

In the case of trucks which have significant clearance between the axle and frame, it 
may be necessary to establish the axle in the center of the clearance for the purpose of 
identifying the mean axle misalignments.

3.3. LONGITUDINAL STIFFNESS

A longitudinal load must be applied to the axle, equivalent to a single load at its 
center, and cycled between tension and compression up to half the static load on the axle.

The load may be applied directly between axles, or between the test axle and ground 
through an appropriate structure, with the body or truck frame restrained. The load may 
also be applied directly between the axle and frame, or in the case of a car with single 
axle trucks, between the axle and the body.

The longitudinal deflection across each spring element must be measured and the 
results plotted.

Where the load is applied directly between the axles of a truck or car, this measure
ment may be combined with the inter-axle shear test in section 3.4., or the inter-axle 
bending stiffness test in section 3.5.

3.4. AXLE LATERAL AND INTER-AXLE SHEAR STIFFNESS

The inter-axle shear stiffness may be found by shearing the axles, or moving them in 
opposite directions along their axes, and measuring the shear or lateral deflection 
between them. The shear force on each axle must be at least one tenth of the static 
vertical axle load.

This test may be combined with the inter-axle longitudinal test of section 3.3., where 
the required load can be achieved.

In the case of direct inter-axle loading, the locations of the applied force and 
restraint are such that they are equal and opposite, diagonally across the truck or car.

The actuator and restraint each provide two components of force on the axle to 
which they are attached. One component lies along the direction of the track and 
provides tension and compression, as in section 3.3., for the longitudinal stiffness. The 
other component lies along the axle and applies the required shear force bewteen; axles. 
This component may be applied separately with a suitable arrangement of actuators and 
restraints.

Measurements are made of the lateral misalignment of the axles during the load 
cycle. The shear stiffness is the ratio of shear force to the lateral misalignment.
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For single axle trucks, a test similar to that described above may be used to 
determine the lateral stiffness, with force applied laterally between ground and the axle 
with the body restrained, or with the truck frame restrained in the case of trucks having 
more than one axle. For trucks which also provide steering through coupling axle lateral 
motion to its yaw angle, this test may be preferred over the lateral test of section 2.4. for 
finding the lateral stiffness, since the axles are free to yaw.

3.5. AXLE YAW AND INTER-AXLE BENDING STIFFNESS

The inter-axle bending stiffness may be found by yawing the axles in the opposite 
directions and measuring the yaw angle between them. The yaw moment applied, in 
inch-pounds, must be at least equal to the axle load in pounds.

This test may be combined with the inter-axle longitudinal test of section 3.3. If this 
is done, the test is carried out by applying an effective force on the axle a known distance 
laterally from the truck centerline.

In the case of direct inter-axle loading the restraint must be applied to the axle, at 
the other end of the car or truck, on the same side as the applied force. The applied and 
restraining forces each provide a longitudinal force and a yaw  moment on the axle to 
which they are attached. The force provides the tension and compression as in section
3.3. for the longitudinal stiffness and the moment is applied between the truck axles in 
yaw. This moment may be applied independently of the longitudinal force.

Measurements are made of the resulting radial mis-alignment of the axles during 
the load cycle. The bending stiffness is the ratio of applied bending moment to the radial 
misalignment.

A similar test of the axle yaw  stiffness may be arranged with forces applied in yaw 
between a single axle and ground, with the body restrained, or with the truck frame 
restrained in the case of trucks having more than one axle.

3.6. YAW MOMENT BETWEEN THE SUSPENSION AND BODY

The required yaw, stiffness and breakout torque between the car body and truck 
must be measured by applying a yaw moment, using actuators in equal and opposite 
directions at diagonally opposite corners of the truck to rotate the truck in yaw. The car 
body must be restrained.

The applied yaw moment must be increased until gross rotation is observed, repre
senting the breakout torque, or to the limit recommended for the yaw of the secondary 
suspension.

The angle in yaw between the car body and truck bolster or frame must be measured.

4.0. RIGID AND FLEXIBLE BODY MODAL CHARACTERISTICS

4.1. GENERAL

, Tests are required to identify the rigid and flexible body modal frequencies and 
damping. The rigid body modal frequencies may be compared to predictions using 
estimated or measured body masses, and inertias and the suspension parameters mea
sured according to the requirements of sections 2. and 3. Tests and estimates should be 
made with the car in the empty and fully loaded state.
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4.2. TEST CAR BODY

For cars consisting of more than one coupled unit, tests for body modes are required 
on one of each of the unit bodies having a different structural design. Dead loads may be 
added to give the required additional loading to any shared suspensions.

Where coupling exists between the modes of adjacent bodies, such as in roll or 
torsion, this may be examined in a dynamic analysis, validated for the case of tests 
without coupling.

The frequency and modal damping are only required for the flexible body modes 
which: are predicted to have a natural frequency below 12 hertz.

4.3. GENERAL PROCEDURE

Transient or continuous excitation may be applied, using one or more actuators or 
dropping the car in a manner to suit the required mode of excitation.

The modal frequency and damping are required for an amplitude typical of the car 
running on class 2 track.

In the case of the rigid body modes, the actuators must be located at the rail level or, 
the level of the truck frame with the body free to oscillate oh its suspension. In the case , 
of the flexible body modes, the. excitation may be applied directly to the body. >

The frequency in hertz may be determined from the wavelength in the transient 
test, or from the peak response, or from the 90 degree phase shift between the response 
and excitation where continuous excitation is used.

The percentage modal damping may be determined using the logarithmic decrement 
in transient tests or the bandwidth of the response from a range of frequencies.

4.4. RIGID BODY MODES

The rigid body modes for the car are:

Body bounce
Body pitch
Body yaw and sway
Lower center roll
Upper center roll

In the case where the normal load on the body is not centered between the 
suspensions, the body bounce mode may be coupled to the body pitch. The required 
measurement of bounce and pitch may be achieved by two vertical measurements at the 
ends of the car. Their weighted sum provides bounce and their weighted difference pitch. 
The weighting is dependent on their position relative to the' center of mass.

Yaw and sway are deduced from lateral measurements made at each end of the body, 
a known distance from its mass center, similarly to the determination of pitch.

Measurement of the upper and lower center roll modes are determined from lateral 
displacements taken at two heights, or by a single lateral displacement and a roll angle 
measurement.
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4.5. FLEXIBLE BODY MODES

The flexible body modes, for the car are:

Torsion
Vertical bending
Lateral bending

Determination of the frequency and damping in the torsion mode requires excitation 
and measurement of roll at one end of the car.

The excitation is similar to that for roll but resonance occurs at a higher frequen
cy. The response between, the ends of the car is out of phase for modes number 1,3, 
and in phase for modes number 2,4, although it is unlikely that modes above 2 will be 
significant. .

Vertical or lateral bending modes are measured as a response to the vertical or 
lateral excitation at one end or both ends of the car. The first bending mode has a 
maximum amplitude at or near the car center. The second bending mode has a node or 
point of minimum response at the center.

5.0. PARAMETER ESTIMATION*

* Tests are presently being conducted to examine this method.
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APPENDIX B

SPECIFICATION FOR INSTRUMENTED WHEELSETS 
FOR CHAPTER XI (M-I001) TESTING 

Adopted 1989

1.0. INTRODUCTION

Instrumented wheelsets to be used in acceptance testing of new and untried cars 
under Chapter XI of A A R  Standard M-1001 must meet the requirements of this specifica
tion. Load measuring wheelsets are a critical transducer for a wide range of the Chapter 
XI vehicle dynamics tests. Calibrated wheelsets will be required to accurately measure 
lateral and vertical wheel/rail forces, as well as wheel lateral to vertical force (LAO ratios. 
A  verification of wheelset accuracy is performed through a three-step process consisting 
of calibration, analysis, and field procedures.

2.0. INSTRUMENTED WHEELSET SPECIFICATIONS ,

To be accepted for Chapter XI testing, a load measuring wheelset design must meet 
the following specifications:

Vertical wheel load measurements must be within + / -  5 percent of the actual 
vertical load. This accuracy is to be maintained for loads ranging from 0 to 200 percent of 
the static wheel load. The minimum signal resolution is to be no less than 0.5 percent of 
the static wheel load.

2.2.

Lateral wheel load measurements must be within + / -  10 percent of the actual 
lateral load. This accuracy is to be maintained for loads ranging from 0 to 100 percent of 
the static (vertical) wheel load. The minimum signal resolution is to be no less than 0.5 
percent of the static (vertical) wheel load.

2.3.

Maintain the above stated accuracy requirements, at all times, for:

2.3.1.

All potential load cases (longitudinal loads of up to 60 percent of the static (vertical) 
wheel load, lateral loads of up to 100 percent of the static (vertical) wheel load, and 
vertical loads of up to 200 percent of the static wheel load).

2.3.2.

All potential wheel/rail contact conditions including full fiange contact, outside tread 
contact, two-point contact, and flange contact at high wheelset angles of attack. .

2.3.3.

An operating speed (for dynamic wheelset output) of from 5 to 80 mph.

2.3.4.

Signals from 0 to 30 Hertz.
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2.3.5.

Over a recommended operating ambient temperature range of 0 to 110 degrees 
Fahrenheit. Any restrictions in the operating temperature range are to be noted.

2.4.

Wheelset reprofiling or recalibration requirements due to profile wear are to be 
documented. Temperature compensation arrangements and operating limitations due to 
ambient temperature swings are to be detailed as well. The wheelsets are to be equipped 
with the modified Heumann profile shown in Figure 8.1 of Chapter VIII of AAR Standard 
M-1001.

3.0. VERIFICATION

Wheelset accuracy is to be substantiated through calibration, analysis, and testing. A 
minimum number of required wheelset static tests to calibrate and verify wheelset 
output are described. Since dynamic calibration of load measuring wheelsets has proven 
difficult, further verification of wheelset accuracy relies on required static and dynamic 
analyses. A  limited set of simple experimental procedures are then prescribed to confirm 
proper wheelset function under field conditions.

3.1. STATIC CALIBRATION

Static tests to determine the wheelset calibration factors are required of all instru
mented wheelsets. Documentation in support of the calibration tests is to include a 
complete description of the calibration stand and the calibration procedure. Calibration 
for vertical and lateral loads is to include testing for a minimum of six wheel rotational 
positions (0, 60,120,180, 240, and 300 degrees). Calibration for vertical loads is to include 
testing for a minimum of three contact point lateral positions (on tape line and one inch), 
respectively, to the flange and wheel face of the tape line. Each calibration sequence is to 
be repeated at least once to verify measurement repeatability.

The static calibration tests are as follows:

3.1.1.

Using an appropriate loading scheme, vertical loads ranging from 0 to 200 percent of 
the static wheel load are to be applied with a minimum of 5 equally spaced inputs (0, 50, 
100, 150, and 200 percent of the static wheel load). Strain gauge output for both vertical 
and lateral force circuits is to be recorded.

3.1.2.
f'

Using an appropriate loading scheme, lateral wheel loads are to be applied at the 
wheel tread ranging from -10 0  to 100 percent of the static wheel load with a minimum of 
10 equally spaced inputs (+ / -  20, 40, 60, 80, and 100 percent). A  vertical force equivalent 
to the static wheel load is to be applied simultaneously. Both vertical and lateral force 
strain gauge outputs are to be recorded.

The static calibration report is to include raw measurement values and the derived 
calibration factors. The calibration report must also include a table comparing the 
applied forces and, given' the calibration factors obtained during the testing, the mea
sured forces. It is assumed here that the calibration factors will represent average 
values independent, for example, of wheelset rotational position.
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3.2. ANALYSIS

The following theoretical analyses are required to verify theoretical wheelset ac
curacy for load combinations that cannot satisfactorily be applied using a conventional 
static loading frame. It is assumed that finite element or similar calculations will have 
been performed beforehand to obtain the theoretical wheelset calibration factors. Any 
variations in wheelset output or accuracy due to rotational position are to be described.

Static finite element or similar calculations to verify theoretical wheelset accuracy 
for the following scenarios:

3.2.1.

Single point contact at one inch toward the wheel face from the wheel tape line for a 
vertical load of 50 and 200 percent of the static wheel load in combination with a lateral 
load of -2 5  and 25 percent of the static wheel load (giving a total of four load 
combinations).

3.2.2.

Single point contact on the flange (defined as being at a point giving a rolling radius 
one-half inch greater than that obtained at the tape line) for a vertical load of 100 and 
150 percent of the static wheel load in combination with a lateral load of 25, 50, and 75 
percent of the static wheel load (giving a total of six load combinations).

3.2.3.

Single point contact at the wheel tape line for a vertical load equal to the static 
wheel load in combination with a longitudinal load of -50 , -2 5 , 25, and 50 percent of the 
static wheel load and a lateral load of 10 percent of the static wheel load (for a total of 
four load combinations). Note that a negative longitudinal load is defined here as a load 
directed in the sense of the wheel rotation.

3.2.4.

Single point contact at the flange for a vertical load of 75 percent of the static wheel 
load in combination with a longitudinal load of -  50, -  25, 25, and 50 percent of the static 
wheel load and a lateral load of 50 percent of the static wheel load (for a total of four load 
combinations).

3.2.5.

Two-point contact with the first point of contact at one-half inch toward the wheel 
face from the wheel tape line and the second point of contact at the flange and displaced 
-0.5, 0, and 0.5 inches longitudinally from the mid-plane axis of the wheelset. The 
loading at the tread contact is to be a vertical load of 50 percent of the static wheel load 
in combination with a longitudinal load of -2 5  percent and a lateral load of - 1 0  percent 
of the static wheel load. The loading at the flange contact is to be a vertical load of 75 
percent of the static wheel load in combination with a longitudinal load of 50 percent and 
a lateral load of 50 percent of the static wheel load (for a total of three calculation cases).

3.2.6.

Single point contact at the tape, line for a wheel with a radius one-quarter inch less 
than nominal and a vertical load equal to the static wheel load in combination with a 
lateral load of 10 percent of the static wheel load.
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3.2.7.

Single point contact at the flange for a wheel with a radius one-quarter inch less 
- than nominal and a vertical load equal to 75 percent of the static wheel load in 

combination with a lateralToad of 50 percent of the static wheel load.

Results for the twenty-three static calculation cases described above are to be given 
as the percent deviation of the predicted lateral and vertical force values from the 

: applied values. ■

; A single dynamic finite element or similar calculation to verify theoretical wheelset 
accuracy under dynamic conditions:

3.2.8.

This calculation is to verify that no wheelset vibration modes are present with 
natural frequencies below 30 Hertz. If such modes exist, a dynamic calculation is to be 
performed for the following wheelset input: single point contact at the wheel tape line for 
‘a vertical load equal to the static wheel load in combination with a time varying 
longitudinal load with an amplitude of 25 percent and a lateral load with an amplitude of 
10 percent of the static wheel load. The mean longitudinal and lateral force are both to be 
zero. The calculation is to consider an input frequency ranging from 0. to 30 Hertz where 
the lateral and longitudinal force signals are 90 degrees out of phase. The boundary 
condition to be used for both this calculation and the wheelset natural frequency 
calculation is to fix the wheelset in the longitudinal, lateral, vertical, and rotational 
sense at the bearing centerline (axle top dead center).

The results of the dynamic calculation are to be given as the mean value and 
amplitude of the predicted lateral and vertical forces as functions of the wheelset 
rotational position.

3.3. TEST PROCEDURES

The following experimental analyses are required:

3.3.1.

A zero speed jacking test to set the wheelset zero followed by a slow speed roll (at 
ten, twenty, and thirty miles per hour) along tangent track to verify that wheel vertical 
load signals are within + /- 5 percent of the calibrated scale axle load for constant speed 
operation on level tangent track. Wheelset signals will be evaluated on the basis of mean 
values for a randomly chosen output segment having a minimum duration of ten 
seconds.

3.3.2.

A steady-state curving test to confirm that net truck or car lateral loads are within 
+ /- 10 percent of the theoretical value for constant speed operation on constant radius 
track at speeds corresponding to +3, 0, and - 3  inches cant deficiency. Both curvature 
and superelevation of the track need to be constant and accurate. Wheelset accuracy is to 
be verified on a sharp curve (7 degrees curvature and above) for curving with hard flange 
contact. Wheelset signals will be evaluated on the basis of mean values for a randomly 
chosen output segment having a minimum duration of ten seconds.

3.3.3.

As an alternative to this test a zero speed jacking test is suggested using equal and 
opposing lateral loads applied (via a hydraulic jack) to the wheel backs. Measured lateral 
loads are to be within + /- 5 percent of the applied value for loads ranging from 0 to 50 
percent of the static (vertical) wheel load.
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3.3.4.

„ A  steady-state curving test to again confirm that total truck vertical loads are within
+ /- 5 percent of the theoretical value for constant speed operation on constant curva
ture track (for the test curve described above). Wheelset signals will be evaluated on the 
basis of mean values for a randomly chosen output segment having a minimum duration 

«• of ten seconds.

The test procedures prescribed above are also to be repeated and recorded at the 
start of each Chapter XI test series. A  record of such results is to be kept for each 
Chapter XI certified wheelset. A minimum pf the vertical load accuracy test is to be 
performed at the start of each daily test session.

4.0. RECORDS

4.1.

The theoretical analyses described are necessary only once for each wheelset design. 
The static calibration and field procedures must be performed for each wheelset pro
duced to an accepted specification.

4.2.

An instrumented wheelset which has met these requirements will be so certified by 
the designated A A R  representative.

4.3.

The designated A A R  observer for Chapter XI testing will verify that the instru
mented wheelsets to be used have been accepted for testing and the test procedures 
described in Section 3.3 above are completed satisfactorily.
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PEACEKEEPER RAIL GARRISON 
PROCEDURE PKRG-7000-FC 
TRACK WORTHINESS TESTS

1.0 D E SC R IPTIO N

This procedure outlines the sequence pf steps to conduct Track Worthiness Tests at TTC. 
The Track Worthiness Tests consist of seven sub-tests: Hunting Test, Constant Curving 
Test, Spiral Test, Rock and Roll Test, Pitch and Bounce Test, Dynamic Curving Test and 
Yaw and Sway Test; additionally tests have been added for the Rail Garrison program: 
Turnout and Crossover and Special Perturbations.

1.1 IN DEX

1.0 Description

1.1 Index

1.2 Equipment

1.3 Figure list

1.4 Table List

1.5 Attachment List

1.6 Reference List

1.7 Test Documentation List

2.0 Pre-Test Setup For all Tests (Except Yaw and Sway)

2.1 36-Inch Instrumented Wheel Set Installation

2.2 Coupling of the Test Car and the Instrumentation Car

2.3 Instrumentation Checkout

3.0 Lateral Stability on Tangent Track (Unloaded, Half-loaded)

3.1 Test Setup

3.2 On-track Testing

4.0 Constant Curving Test (Loaded, Unloaded, Half-loaded)

4.1 Test Setup
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4.2 On-track Testing

5.0 Spiral Negotiation and Wheel Unloading Conditions
\

5.1 Test Requirements

6.0 Twist and Roll Test (Loaded, Unloaded, Half-loaded)

6.1 Test Setup

6.2 On-track Testing

7.0 Pitch and Bounce Test (Loaded, Half-loaded)

7.1 Test Setup

7.2 On-track Testing

8.0 Dynamic Curving Test (Loaded, Half-loaded)

8.1 Test Setup

8.2 On-track Testing

8.3 Test Tear-down

9.0 Turnout and Crossover Test (Loaded, Unloaded, Half-loaded)

9.1 Test Setup

9.2 On-track Testing

10.0 Special Perturbations

10.1 Test Setup

10.2 On-track Testing

11.0 Yaw and Sway Test (Loaded, Half-loaded)

11.1 Test Setup

11.2 On-track Testing

12.0 Configuration Test Requirements '* ‘ .

13.0 Test Tear-down

14.0 Quality Verification
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12 EQUIPMENT LIST

a. 2ea. IIT'RI Instrumented Wheel Sets

. b. 2ea. Single Roll Gyrometer

c. 2ea. Lateral Accelerometer

* d. 6ea. Strip Chart Recorder

e. lea. Digitizer

f. 4ea. 100-Ton Jacks

g- lea. Hewett-Packard (HP) 360 Data Acquisition System

h. Signal Conditioner

i. All Safety Equipment As Required By TTC

1.3 FIGURE LIST

Figure 2-1 

Figure 2-2 

Figure 11-1

1.4 TABLE LIST

Table 3-1

Instrumented Wheel Set Configuration 

Test Core Consist

Instrumented Wheel Set Configuration 

Constant Curving Conditions

1.5 ATTACHMENT LIST

Attachment 1 Chapter XI Track Worthiness Test Facilities

1.6 REFERENCE LIST

PRKG 2100.... Truck Inspection Procedure

PKRG 3100.... Instrument Installation Procedure

M1001......  Manual of Standards and Recommended Practices

PKRG-7000-FC
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PKRG 3500.... Section C, Part II, Volume I, Chapter XI
IITRI 36-Inch Instrumented Wheel Set Installation, Calibration 
and Operation

PKRG 3800.... Track Worthiness Test Instrumentation Setup

PKRG 7001.... Test Sequence Chart ^

PKRG 7002.... Daily Pre-Test Sign-Off Sheet

Peacekeeper Rail Garrison Test Implementation Plan, (for 
appropriate test car), Chapter XI Testing

ENSCO Operating Manual

TTC Safety Rule Book

1.7 REFERENCE DOCUMENTATION 

None
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NOTE' ■

All personnel involved in the performance of this procedure or 
observing the test(s) will comply with the TTC Safety Rule Book..

2.0 PRE-TEST FOR ALL TESTS (EXCEPT YAW AND SWAY)

2.1 36rlnch Instrumented Wheel Set Installation

TASK QA
NUMBER______________________ PROCEDURE_________________________ INITIAL

2.1.1 Disconnect the hand brake chain and air brake line. LDP

UNLD 

HLD_____

2.1.2 Ensure brake shoes and keys are removed from each wheel loca- ________
tion.

2.1.3 Remove all slack adjusters. _______

2.1.4 Secure emergency brake chain. ________

2.1.5 Remove and secure all loose brake system components. Mark 
removed components defining location from which removed and 
store for later re-installation.

2.1.6 Chock all A-end wheels.

2.1.7 Using two 100-ton jacks at the jacking pads, jack the B-end up 
approximately 12 inches.
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2.1.8 Roll out Truck 1.

2.1.9 Lift Truck 1 and remove the leading Axle 1 wheel set.

2.1.10 Replace the leading wheel set with the IITRIWS21 instrumented 
wheel set as illustrated in Figure 2-1 and in accordance with, 
PKRG-3500 Il l Kl 36-inch Instrumented Wheel Set Installation, 
Calibration and Operation, and PKRG-3800 Track Worthiness Test 
Setup.

IITRI 36 
WS22

IITRI 36 
VS21

Figure 2-1 Instrumented Wheel Set Configuration

2.1.11 Roll the truck back under the car.

2.1.12 Lower the car.

2.1.13 Check Steps 2.1.1 through 2.1.5.
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2.1.14 Chock all B-end wheels.

2.1.15 Using two 100-ton jacks at the jacking pads, jack the A-end up 
approximate 12 inches.

2.1.16 Roll out Truck 2.

2.1.17 Lift Truck 2 and remove Axle 3 (with respect to B-end) wheel set.

2.1.18 Replace Axle 3 wheel set with the ENSCO WS22 instrumented
wheel set as illustrated in Figure 2-1 and in accordance with, PKRG- 
3500IITRI 36-Inch Instrumented Wheel Set Installation, Calibration 
and Operation, and PKRG-3800 Track Worthiness Test Setup.

2.1.19 Roll the truck back under the car,

2.1.20 Lower the jacks.

2.1.21 Quality verify the completion of the wheel set change out. LDD_

UNLD

HLD
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22 Coupling of the Test Car and the Instrumentation Car

TASK QA
NUMBER PROCEDURE INITIAL

2.2.1 Couple the B-end of the test car behind the instrumentation car.
Figure 2-2 shows the core test consist. Buffer cars may be added or 
removed as required for each test.

IJ
u 6 1 r-7 ( ----------a-!|

^~a----------- 1

)1
© " © -------1 © > ©

Note: Additional buffer cars may be added as required 

Figure 2-2 Core Test Consist

CAUTION

Restrict coupling speed to 3.5 mph

2.3 Instrumentation Checkout

TASK QA
NUMBER______________________ PROCEDURE______________________  INITIAL

2.3.1 Calibrate instrumentation in accordance with, PKRG-3500 Il'lKl 36- LDD 
Inch Instrumented Wheel Set Installation, Calibration and 
Operation, and PKRG-3800 Track Worthiness Test Setup. UNIT)

HLD

2.3.2 Quality verify coupling of the Fuel Car and the Instrumentation LDD_ 
Car is complete.

UNLD

HLD
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NOTE

Test sequence is arbitrary. The test sequence 
may bedictated by track availability at TTC. Anticipated 

test sequence is shown in PKRG-7001 Test Sequence Procedure.

3.0 LATERAL STABILITY ON TANGENT TRACK (UNLOADED, HALF-LOADED)

3.1 Test Setup

TASK QA
NUMBER PROCEDURE INITIAL

3.1.1 Ensure that no buffer car is coupled to the core test consist shown in 
Figure 2-2.

3.1.2 Ensure that instrumentation meets the requirements outlined in UNLD 
PKRG-3500 111 RI 36-Inch Instrumented Wheel Set Installation,
Calibration and Operation, and PKRG-3800 Track Worthiness Test HLD_ 
Setup.

3.2 On-Track Test

TASK QA
NUMBER PROCEDURE_________________________INITIAL

3.2.1 Ensure that the instrumentation is checked-out in accordance with 
Section 3.1.1 and 3.1.2.

NOTE

Test to be "conducted on 5000 feet of dry tangent track on the 
RTT with Class 5 or better track (R39-R33).
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CAUTION

Stop testing before lateral acceleration exceeds
1.0 g peak-to-peak or any maximum axle sum L/V exceeds 1.3

3.2.1.1 Ensure applicable perturbations have been verified.

3.2.1.2 Ensure pre-test sign-off sheet PKRG-7002 has been completed.

3.2.2 During the initial 30 mph track conditioning run, keep the speed 
constant through the test zone.

3.2.3 Start taking lateral acceleration data 200 - 300 feet before reaching 
the test zone. The computer should be triggered by Automatic 
Location Device (ALD).

3.2.4 Stop data acquisition 200 - 300 feet beyond the test zone.

3.2.4.1 Review test, ensure data is acceptable and indicates that the test can 
be continued.

3.2.5 Repeat test once.

3.2.5.1 Compare maximum limiting values. Ensure readings are within 15% 
for instrumented wheel sets, 5% on roll gyros and accelerometers.

3.2.6 Increase speed in increments of -  10 mph, -  1 mph with each pair
of test runs, until approachong a critiacl point (80 % of stop critiera,
0.8 g peak-to-peak, and 1.0 L/V); then, increase speed in increments 
of 2 mph until maximum test speed of 70 mph is reacded.
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3.2.7 In the Test Engineers Log, note the speed at which the car sustains UNLD
truck hunting if hunting occurs (Per Chapter XI criteria 1.0 g peak- 
to-peak for 20 seconds). » HLD_

3.2.8 Quality verify that the test is completed. UNLD

HLD

3.3 Post Test 

TASK
NUMBER _________ PROCEDURE

3.3.1 Perform Post Test Cal per PKRG-3500 and 3800. UNLD

HLD_

3.3.2 Perform Post Test Visual Inspection. UNLD

HLD

QA
INITIAL

4.0 CONSTANT CURVING TEST (LOADED, UNLOADED, HALF-LOADED)

4.1 Test Setup

TASK QA
NUMBER PROCEDURE INITIAL

4.1.1 Instrumentation for this test should be as per Section 2.0.

PKRG-7000-FC u



4.1.2 Ensure that instrumentation meets the requirements outlined in LDD 
PKRG-3500IITRI 36-Inch Instrumented Wheel Set Installation,
Calibration and Operation, and PKRG-3800 Track Worthiness Test UNLD 
Setup.

HLD

4.1.3 Place fully loaded 125-ton buffer car #UP31934 at the end of the 
core consist.

CAUTION

Restrict coupling speed to 3.5 mph.

4.2 On-track Testing

TASK QA
NUMBER PROCEDURE INITIAL

4.2.1 This test utilizes all of the different degrees of curvature and super
elevation (7.5-, 10-, 12-degree with 3,4 and 5 inches of supereleva
tion respectively) available on the WRM track.

4.2.1.1 Ensure applicable perturbations have been verified.

4.2.1.2 Ensure pre-test sign-off sheet PKRG-7002 has been completed.

4.2.2 Determine the test run speed by equation:

K - V l 4 8 0 ^  ..

Where: U = unbalance in inches
H = superelevation in inches 
D = degree of curvature.

•
4.2.3 For U = -3, 0, and +3 inches of unbalance.

PKRG-7000-FC J2



NOTE

Track speed may be lower than the calculated 
speed for the + 3-inch run. If this condition exists use the track 

speed limit of 45 mph.

The speed calcuated for the -3-inch run may be zero or 
less. If this condition exists, use a negative 
difference from the balance equal to the 

positive difference for the + 3-inch.

CAUTION

Stop testing before any L/V exceeds .8 
or any axle sum L/V exceeds 1.3.

4.2.4 Operate the test consist at a constant speed for each condition shown 
in Table 3-1 z 1 mph).

Table 3-1 Constant Curving Conditions

DEGREE
SUPER

ELEVATION
BALANCE

SPEED +3 INCH -3 INCH
7.5 3 24.0 32.0 14.0
10 4 24.0 32.0 12.0

12 5 25.0 32.0 16.0

4.2.5 With each test run, record data 200 - 300 feet before the curve and
through the length of the body of the curve. The computer should be 
triggered by the ALD.

4.2.5.1 Repeat 4.2.4 for opposite direction.

4.2.6 QA verify that the test matrix is complete. LDD

HLD

PKRG-7000-FC 13



5.0 SPIRAL NEGOTIATION AND WHEEL UNLOADING CONDITIONS

5.1 Test Requirements

TASK QA
NUMBER PROCEDURE INITIAL

5.1.1 This test will run concurrently with the Constant Curving Test speed 
conditions.

5.1.2 Record data while running through the spirals on the WRM during 
the curving test.

CAUTION

Stop testing before the vertical wheel force 
is less than 10% static wheel load or any wheel 

L/V exceeds 0.8.

5.1.3 QA verify that the test is complete. LDD

HLD

6.0 TWIST AND ROLL TEST (LOADED, UNLOADED, HALF-LOADED)

6.1 Test Setup

TASK QA
NUMBER PROCEDURE INITIAL

6.1.1 Couple a buffer car (UP31934) to the end of the core test consist.
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6.1.2 Ensure that instrumentation meets the requirements outlined in LDD_
PKRG-3500IITRI 36-Inch Instrumented Wheel Set Installation,
Calibration and Operation, and PKRG-3800 Track Worthiness UNLD 
Test Setup.

HLD

62 On-track Testing

TASK QA
NUMBER PROCEDURE INITIAL

6.2.1. Ensure applicable perturbations have been verified.

6.2.1.2 Ensure pre-test sign-off sheet PKRG-7002 has been completed.

6.2.2 This test will be performed on the Precision Test Track (PTT) as 
shown in Attachment 1.

6.2.3 Approach the test zone at a constant speed of 10 mph, -  1 mph.

6.2.4 Record the wheel forces, mean roll angle and differences in roll 
between the ends for each truck for approximately 200 feet before 
the test zone and continuously through the test zone.

CAUTION

Stop testing before the car body peak-to-peak roll 
exceeds 6 degrees, any single wheel L/V exceeds 0.8, any 

axle sum L/V exceeds 1.3 or any vertical wheel load measures 
less than 10 % of its static wheel load.

PKRG-7000-FC IS



mph then increasing at increments of 2 mph until resonance is 
passed; then, increase speeds in increments of 5 mph.

6.2.5 Run tests at constant speeds, increasing in increments of 5 mph, z 1

6.2.6 Make two runs at each speed. In the Test Engineers Log, note the LDD_ 
speed at which resonance is reached.

UNLD

HLD

6.2.7 Stop testing if an unsafe condition is encountered or when the LDD_
maximum speed of 70 mph is reached.

UNLD

HLD

6.2.8 Quality verify that the Twist and Roll Test is completed. LDD___

UNLD

HLD

6.3 Test Tear-Down

TASK QA
NUMBER PROCEDURE INITIAL

6.3.1 Remove the loaded buffer car from the test consist (if applicable).

6.3.2 Quality verify that the Test Tear-down is completed. LDD_

UNLD

PKRG-7000-FC 16



7.0 PITCH AND BOUNCE TEST (LOADED* HALF-LOADED)

7.1 Test Setup

TASK
NUMBER PROCEDURE

7.1.1 This test is to be performed on the PTT located between stations 
1716 + 00 and 1719 + 90 as shown in Attachment 1.

7.1.2 Place a light car (11X479303 empty flat) that has at least 45 ft. truck 
center spacing at the end of the consist directly behind the test car.

7.1.3 Ensure that instrumentation meets the requirements outlined in 
PKRG-3500IITRI 36-Inch Instrumented Wheel Set Installation, 
Calibration and Operation, and PKRG-3800 Track Worthiness Test 
Setup.

72  On-track Testing 

TASK
NUMBER PROCEDURE

7.2.1 Approach the test section at a constant speed of 30 mph, -1  mph.
Start recording test data approximately 100 feet before the test 
section and continuously through the test section.

7.2.2 Using the computer, record the vertical wheel forces.

CAUTION

Stop testing when any wheel shows a vertical load of 
10 % or less of its static load.

QA
INITIAL

LDD

HLD

QA
INITIAL
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7.2.3 Run the test twice at each speed.

7.2.4 Increase speed in increments of 10 mph until unsafe conditions are LDD 
encountered, the resonance is passed, or a maximum of 60 mph is 
reached. Increments may be reduced to 2 mph when nearing reso- HLD 
nance. Resonance to be determined prior to testing.

7.2.5 Quality verify that the Pitch and Bounce Test is completed. LDD

HLD

8.0 DYNAMIC CURVING TEST (LOADED, HALF-LOADED)

8.1 Test Setup

TASK QA
NUMBER__________ _________ PROCEDURE INITIAL

8.1.1 This test is to be conducted on the 10-degree curve (station 1 + 00 to 
3+50) of the wheel/rail mechanism (WRM) track, as shown in -
Attachment 1.

8.1.2 Place a loaded buffer car (UP 31934) at the end of the core consist 
coupled directly to the test car.

8.1.3 Ensure that instrumentation meets the requirements outlined in 
PKRG-350011'l Kl 36-Inch Instrumented Wheel Set Installation, 
Calibration and Operation, and PKRG-3800 Track Worthiness Test 
Setup.

PKRG-7000-FC 18



82  On-track Testing

TASK
NUMBER PROCEDURE

CAUTION

It shall be regarded as unsafe and the test will be stopped if a wheel 
lifts, if any wheel L/V exceeds 0.8, if the instantaneous sum of the absolute 
L/V values of the individual wheels on any axle exceeds 1.3, or the car body 
roll exceeds 6 degrees peak-to-peak or minimum wheel load of 10% static.

Approach the test zone at a constant speed of 5 mph.

Start acquiring test data approximately 200 feet before the test zone. 
Record the lateral and vertical wheel forces and the roll angle.

Increase speed in increments of 2 mph until a maximum speed of LDD
32 mph is reached or an unsafe condition is encountered.

HLD

8.2.4 Quality verify that the Dynamic Curving Test is completed. LDD

HLD

8.3 Test Tear-down

QA
PROCEDURE INITIAL

8.3.1 Remove the loaded buffer car from the test consist if applicable.

8.3.2 Quality verify that the Test Tear-down is completed. LDD

TASK
NUMBER

8.2.1

8.2.2

8.2.3

QA
INITIAL

HLD
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9.0 TURNOUT AND CROSSOVER TEST (LOADED, UNLOADED, HALF-LOADED)

9.1 Test Setup

TASK QA
NUMBER______________________ PROCEDURE _______ _____________ INITIAL

9.1.1 Use whatever configuration the consist is in while traversing from 
one test section to the other.

9.1.2 This test will be performed on the turnouts and crossover of the RTT
and TTT near Post 85 (Attachment 1).

9.2 The Fuel Car shall be run at 10 mph 15 mph through a #8 turnout 
and also shall be run at 15,25, 35 through 602A and B crossover.

9.3 Quality verify Turnout and Crossover Test completed. LDD_

UNLD

HLD

10.0 SPECIAL PERTURBATIONS

10.1 Test Setup

TASK QA
NUMBER PROCEDURE INITIAL

10.1.1 If necessary, the consist may be run through special perturbations to 
be identified at a later time.
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10.1.2 Test setup will be defined at that time.

10.2 On-track Test 

TASK
NUMBER______________________ PROCEDURE__________________

10.2.1 Test procedure and stop criteria will be identified at a later time.

11.0 YAW AND SWAY TEST (LOADED, HALF-LOADED)

11.1 Test Setup

TASK
NUMBER PROCEDURE

11.1.1 Disconnect cables between T-7 and the Fuel Car. Uncouple the 
Fuel Car from T-7.

11.1.2 Using four 100-ton jacks at the jacking pads, jack the test car up 
approximately 12 inches.

11.1.3 Roll both trucks away from the car.

PKRG-7000-FC
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11.1.4 Remove the trailing axle of Truck 1 (Axle 2)iand the leading axle ofTruck 2.

WS22 WS21 

' IITRI 36'
Figure 11-1 Instrumented Wheel Set Configuration

11.1.5 Place the instrumented wheel set from Truck 2 in the trailing axle 
position of Truck 1, as shown in Figure 11-1.

LDD

HLD

11.1.6 Place the old trailing axle from Truck 1 under Truck 2 (Axle 3).

11.1.7 Roll the trucks back under the car.

11.1.8 Lower the jacks.

11.1.9 Quality verify that the wheel sets have been changed over. LDD

HLD
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11.1.10 Ensure that instrumentation meets the requirements outlined in LDD 
PKRG-3500ITTRI 36-Inch Instrumented Wheel Set Installation, 
Calibration and Operation, and PKRG-3800 Track Worthiness Test HLD 
Setup.

11.1.11 Place the test car at the end of the consist behind the T-7 Instrument 
Car. Reconnect instrumentation cables per procedure PKRG-3500 
and 3800.

11.2 On-track Testing

TASK QA
NUMBER PROCEDURE INITIAL

11.2.1 This test is to be conducted on Section 21 + 00 to 26+00 of the PTT, 
as shown in Figure 3-1 (Attachment 1).

11.2.2 The initial test run is to be conducted at a constant speed of 20 mph 
and increasing in increments of 5 mph,  ̂ 1 mph until resonance is 
passed and top speed is accomplished.

11.2.3 Begin test data acquisition approximately 200 feet before reaching 
the test section.

CAUTION

It shall be regarded as unsafe and the test will be 
stopped if the ratio of the total lateral forces oh any 

one side measured exceeds 0.6 for a duration equivalent to 
6 ft. or any axle sum L/V exceeds 1.3.
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11.2.4 Repeat the test at speed increments of 2 mph, 3 1 riiph. The test LDD_____
will continue until an unsafe condition is encountered, the reso
nance is passed or the maximum speed of 60 mph is reached. HLD
Speed may be increased in increments of 5 mph when resonance 
has passed.

11.2.5 Quality verify that the Yaw and Sway Test is completed. LDD_____

HLD

12.0 CONFIGURATION TEST REQUIREMENTS

TASK QA
NUMBER PROCEDURE INITIAL

1 2 .0. 1 Repeat applicable tests in half-loaded and loaded conditions.

13.0 TEST TEAR-DOWN

TASK QA
NUMBER______________________PROCEDURE_________________ _______ INITIAL

13.0. 1 The procedure for tear down of the IITRI 36-Inch Instrumented LDD
Wheel Sets is located in PKRG-3500, Section 5.0 through 5.1. Refer
to this procedure and the applicable section to complete test tear- UNLD
down.

HLD
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14.0 QUALITY VERIFICATION 

TASK
NUMBER________  PROCEDURE________________________

14.0. 1 Quality Verify that Procedure PKRG-7000-FC is complete and closed.

14.0. 2 Authorized QA signature_______________ ____________________

QA
INITIAL
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ATTACHMENT 1

CHAPTER XI TRACK WORTHINESS TEST FACILITIES
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APPENDIX C

M E A S U R E M E N T  LIST



t
V

F U E L  CARTEST  NAME 
INSTR. ENGR./TECH.  _ 
S O F T W A R E / V E R S I O N .  
S A M PLE  R A T E _______

P E A C E K E E P E R  RAIL G A R R I S D N  
T E S T  C D N E I G U R A T I D N  D A T A  S H E E T  
_________ riATF 7 - 2 3 - 9 0  v.n. 8 7 5 6 0  i nn.

" T E ST  ENGR. B R A BB  ____________

PAGE . OF

QA
___________ _ RECORDER  I.D. NO.
E N C O D E R /D IG IT I Z E R  I.D. NO. ___ _

SET-UP FILE

INST
INIT

DAS
CHCH
PP MEAS.

CDDE
T R A N S D U C E R

MFG. S.N. SENS. . LUC. CAL VOID DATE
A M P LIFIER

S.N.CM. VOID BfltE
F I L T E R

Na FREQ GAIN I DATE
S Y S T E M

ENGR.
UNITS

R E C O R D E R
C O M M E N T S

AID XBX 0D1A VARNER
20 MS 
PULSE

X= I EVENT
10V EVEN! ALD

TSPD RDV 001A AIR.
PAX

64 PULSE/REV* 10 MPH
HPH SPEED

EVIL
,X= 964

LBV 00IA IITRI 21A CALC Y= 28.5
1= IB

10.246 K
KIPS

IVS TRK-1 
VERT LEFT

LEAD AXLE

X= 964
FV1R LBV 002A IITRI 2IB CALC -28.5

_ia_
10.246 K

KIPS
IVS TRK-1 
VERT RIGHT

LEAD AXLE

_264_
FUL LBV 003A IITRI Z1A CALC Y= 28.5Z= 1R

10.246 K
KIPS

IVS TRK-1 
LAT LEFT

LEAD AXLE

X= 9A4

FUR LBV 004A IITRI 21B CALC Y= -20.5
Z= IB

10246 K
KIPS

IVS TRK-1 
LAT RIGHT

LEAD AXLE

|X= 964

LVIL LBV 005A IITRI 21A CALC X= 28.5
Z= 1R

5 L/V
L/V

IVS TRK-l 
L/V LEFT

LEAD AXLE

X= 964

LVIR LBV 006A IITRI 21B CALC T= -2B.5Ifl
,5 L/V L/V IVS TRK-1 

L/V RIGHT
LEAD AXLE

_364_
FT1 LBV 007A IITRI CALC

5.0 KIPS KIPS IVS TRK-1 
TORQUE

LEAD AXLE

X= 964

FV3L 9 9 LBV 008A IITRI 22A CALC 1= 28.5
Z= 1R

10.246 K KIPS IVS IRK-2 
VERT LEFT

LEAD AXLE

NOTES:

ACAD FILE: FC10F7.DVG



P E A C E K E E P E R  RAIL G A R R I S D N  
T E S T  C O N F I G U R A T I O N  D A T A  S H E E T PAGE_2__  DF.

F U E L  CARTEST  NAME 
INSTR. ENGR./TECH.  _ 
S D F T W A R E /V E R S I D N  
SAMPLE  R A T E _______

D A T E _______
T E S T  ENGR.

_ w.n. 87560- 
BRABR

LDC..

QA
RECORDER  I.D. ND. SET-UP FILE

E N C D D E R /D IG IT IZ E R  I.D. ND.

INST
INIT

DAS
CH

PP
CH

MEAS.
CODE

T R A N S D U C E R
MFG. S.N. SENS. LDC. iH VDID DATE

AMPLIFIER
CH. EXC.- GAIN ft-CAL CAL. E.U. L S.N.Na L/R FIX/VAR RES. VOLTS CAL VQlf) IlAfE

E I L T E R
CAL VDID DATE

S Y S T E M
m<tu> ENOR.

UNITS

RECORDER
C O M M E N T S

FV3R 10 10 LBV 009A IITR1 22B CALC
X- 1392
Y=
7=~

-2B.5
18

10.246 K
KIPS

IVS TRK-2 LEAD AXLE 
VERI RIGHT

FL3L LBV 0I0A IITRI 22A CALC
|X = 1392
Y=
T=

-28.5
18

10.246 K
KIPS

IVS TRK-2 LEAD AXLE 

LATERAL LEEI

FL3R LBV 011A IITRI 22B CALC
X= 1392
Y= -28.5
2 -  18

10246 K
KIPS

IVS TRK-2 LEAD AXLE 

LATERAL RIGHT
X= 1392

LV3L LBV 012A IITRI 22A CALC Y= -28.5
2= IT

.5 L/V
L/V

IVS TRK-2 LEAD AXLE 

L/V LEFT

LV3R LBV 0I3A IITRI 22B
iX= 1392

CALC Y= -28.5
7  ̂ IS-

.5 L/V L/V
IVS TRK-2 LEAD AXLE 

L/V RIGHT

ET3 LBV 014A IITRI 22 CALC
X= 139?
Y= -28.5
2= 18
X= 958

5.0 KIPS KIPS
IVS TRK-2 LEAD AXLE 

TORQUE

AY1A Y001A 7280 196.4
nv/G

0
Z= 41

15V
2

FIX VSUB .888 G 
3.333 V

2.5458 ACCEL LATERAL B-END 
CARBODY FLOOR PLATE 
__________ 5/5

AY2A Y0O2A 7290
AC
58-

201.9

nv/G

X= 1470Y=_0 I5V
2

FIX VSUB .888 G 
3,333 V

1ST
2.4765 ACCEL LATERAL A-END 

CARBODY ELD0R PLATE _ _ __ _ 5/5_
543A
AY3A Y003A

ENDEVCT

7265-HS
BP
90

2759
nv/G

Y= 44 10 V
1= 24

FIX
29.8K 4.0 V 

3.6 G
3.6245 ACCEL LATERAL TRK-I 

AXLE 1 LEFT VHEfl̂ ADPT

AY4A YD04A
ENDEVCC
7265-HS

BM
38

23.53
nv/G

X= 1034
Y= 44
z=_ 24_ FIX

29.8
K 4.0 V

3.6 G
4.2499 ACCEL LATERAL TRK I 

AXLE 2 LEFT VHEEL ADP1 
__________ 25/5.

NOTES:

&onegX!*



I

F U E L  CARTEST NAME 
INSTR. ENGR./TECH, _ 
SDFTWARE/VERSIDN. 
SAMPLE RATE______

P E A C E K E E P E R  R A I L  G A R R I S O N  

T E S T  C O N F I G U R A T I O N  D A T A  S H E E T  

d a t e ________  w .n 87560 i n r ___

page _3__o f .

t e s t  engr ; ERABB QA
RECORDER I.D. NO. SET-U P F ILE

ENCODER/DIGITIZER I.D. NO.
INST
IN IT

DAS
CH

pp
C H

M E A S .

C O D E

TRANSDUCER
MFG. S.N. SENS. LDC. ML VOID DATE

AMPLIFIER
S.N.

CftL VOID DATE

FILTER
Na FREQ GAIN I DATE

SYSTEM
ENGR.
UNITS

RECORDER
COMMENTS

zm
AXIA 20 20 X001A ENDEVCT

7265
BI
36

25.76
nv/G

X=
Y=
7T 46

100
FIX 29.88 

K
3.8B20 ACCEL LONG B-END ABOVE 

TRK-1 CTR PLATE

273A
AX2A X002A ENDEVCE

7265
2780

nv/G

X= 1426
n

Z- 46

100
FIX 2988

K
3.5971 22 ACCEL LAT A-END ABOVE 

TRK-2 CTR PLATE

276A
AY5A

22 22 Y005A ENDEVCE
7265

2280
nv/G

X= 101
Y= 0
Z= 46

100
FIX

29.88
K

4.3859 23
ACCEL LATERAL B-END 
ABOVE TRK-1 CTR PLATE

275A
AZ1A 23 23 2001A ENDEVCE

7265 82
27.38

nv/G
X =
Y= 0 
7=~46~

100
FIX 2988

K
3.6523

24
ACCEL VERT B-END ABOVE 
TRK-1 CTR PLATE

272A
AZ2A

24 Z0D2A ENDEVCE
7265

26.30
nv/G

X= 1426
Y=
Z= 46

100
FIX 29.88

K
3.8023

25
ACCEL VERT A-END ABOVE 
TRK-2 CTR PLATE

AZ3A 25 25 Z003A ENDEVCE 
7265 33

,24.75
nv/G

J213_
X
50

100
FIX 29.88

K
4.0404

26
ACCEL VERT CTR OF CAR 
FLOOR

545A
AY8A 26 26 Y008A ENDEVCE

7265ID
2420

nv/G
X= 1389

41
_24_

100
FIX 29.88

K.
4.1322

27
ACCEL LAI TRK-2 
AXLE 3 VHEEL CAP

544A
AY6A 27 27 Y006A ENDEVC1

7265 HI
21.68

nv/G
X=
Y= 41
Z= 31

FIX 29.88
K

4.6125
28

ACCEL LAI TRK-1 LEFT 
SIDE FRAME CTR

546A
AY7A 28 28 YO07A ENDEVCE

7265 HI
32

23.00
nv/G

X= 1426
Y= 41
^~1T

100
FIX 29.88

K
4.3478 29 ACCEL LAT TRK-2 LEFT 

SIDE FRAME CTR

AZ4A 29 29 2D04A CCLESC0 A
45607

622.6
hv/G

X= 101
Y~ 48
IZ= 80

2
■Fix VSUB

N O T E S :

803 
in/v inch

DISPLACEMENT VERT 
SPRING NEST TRK-1 LEFT

ACAD FILE: FC30F7A.DVG



F U E L  CARTEST NAME 
INSTR. ENGR./TECH. _ 
SHIFT WARE/VERSIDN.. 
SAMPLE RATE______

P E A C E K E E P E R  R A I L  G A R R I S O N  

T E S T  C O N F I G U R A T I O N  D A T A  S H E E T  

d a t e ________  w.g. 875.60 l d c ___

PAGE. □F.

TEST FNGR:. BRABB QA
RECORDER I.D. ND. SET-U P F IL E

ENCDDER/DIGITIZER I.D. ND.
INST
INIT

DAS
CH

PP
CH

MEAS.
CODE

TRANSDUCER
MEG. S.N. SENS. LDC. CAL VOID DATE

AMPLIFIER
EXC.- GAIN R-CAL CAL. E.U t  S.N.
L/R FIX/VAR RES. VOLTS VDlD tlATg

FILTER .
CAL VOID DATE

SYSTEM
ENGR. 

(C.U/VOLT) UNITS

RECORDER
COMMENTS

JBX1A 30 30 JBX 001A HUMPREY 101 4.052
deg/v

X= 930

J6_
1
FIX VSUB

deg/V deg 30 C/L B-END CARBDDY 
ROLL ANGLE 8/8

JBX2A JBX 002A HlWREY 102 4.087
deg/v

1484
Y= 
lz= 40

1
FIX

VSUB 1.018
deg/v deg

C/L A-END CARBDDY 
ROLL ANGLE 8/8

AZ5A 32 32 Z005A CELESCI A
45608

623.0
nv/G

,X= 1426.
4B
20

2
FIX VSUI .803

in/v
inch

DISPLACEMENT VERTICAL 
SPRING NEST TRK-2 

LEFT SIDE

AZ6A 33 33 Z006A CELESC I A
45609

6224
nv/G

X= 1000
Y=
T=~ -2Q-

2
FIX VSUI .803

in/v
inch

DISPLACEMENT VERTICAL 
SPRING NEST TRK-1 

RIGHT SIDE

AZ7A 34 34 Z007A CELESC I A
45610

622.4
nv/G

X= 1426
Y=. -48 
2= 20

2
FIX VSUI .803

in/v inch
DISPLACEMENT VERTICAL
SPRING NEST TRK-2 RIGHT SIRE

35 35 SLZ1A
GEHS 

36460- 
£0_

700 121 161.9 nv/in X= 1426
Y= 31
z= 73

1
FIX 6.0 0.515'

V
SLASH GAUGE A-END CAR 
FLOOR RIGHT SIDE

36 36 SLZ2A
GEHS
36460-
|60

700 122 161.9 nv/in X= 1426
r- -35
lz= 73 FIX 6.0 0.515'

V
SLOSH GAUGE A-END CAR 
FLOOR LEFT SIDE

37 37 SLZ3A
GEHS 
36460-601700 123

161.9 nv/in X= 1213.
|T= 35
z= 73 nx 6.0 oay

-v
SLOSH GAUGE CTR OE 
TANK RIGHT SIDE

38 38 SLZ4A GEMS
36460- 700 124 161.9 nv/in X= 1213

-35
_Z1_ FIX 6.0 0.515'

V
SLOSH GAUGE CTR OF CAR 
ABOVE LEFT SIDE

39 39 SL75A GEHS
36460- I 125 161.9 nv/in x= m

35
Z= 73 FIX 6.0 0.515'

V
SLOSH GAUGE B-END 
RIGHT SIDE

NOTES:

ACAD riLE= FC40F7.DVG
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P E A C E K E E P E R  R A I L  G A R R I S D N  
T r ^ T  r n N i n n  i d a t t f i m  f i a t  a  c u r r T  p a g f _5___df

T E S T  N A M E  F U E L  CAR_________________________ D A T E

I N S T R .  E N G R . / T E C H .  , ■ T E S T .  E N C  
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1.0 INTRODUCTION

« T h e  A sso c ia tio n  o f  A m erican  R ailroads (A A R ), Transportation T est C enter (T T C ), Pueblo,

C olorado, has contracted w ith  the F edera l R ailroad A dm inistration  (F R A ) to  perform  veh icle  

'  perform ance tests on  th e P eacek eep er  R a il G arrison (P K R G ) rail cars according to  specifi

cations in  C hapter X I, A A R ’s M -1001, Manual of Standards and Recommended Practices. 

T h ese  tests are designed  to  provide the F R A  and U n ited  States A ir F orce  (U S A F ) w ith

structural and veh ic le  dynam ic perform ance data for each  car and for the assem bled  train.
r

T his docum ent describes the P K R G  E ngineering M od el (E M ) F u e l Car’s veh ic le  

characterization  testing w hich includes static truck characterization (A ir B earing), quasi-static  

truck characterization (M ini-Shaker U n it (M S U )), and v eh ic le  dynam ic characterization  

(M S U  m od al).

T h e  P K R G  F u el Car is a  74,100 pound (unloaded) convention al tank car w ith  a  21,644  

: gallon , 5 /8 -in ch -th ick  sh ell tank that is in tended to carry d iese l fu e l for th e P K R G  consist.

2 .0  O BJECTIV ES

T he objective o f  this test program  was to  determ ine the car body and suspension  characteristics 

o f  the E M  F u el Car. T h ese  characteristics w ere used  to  generate veh ic le  dynam ic perform ance  

pred ictions for an  on-track test program  scheduled for th e F u el Car in  A ugust o f  1990.
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T he first test objective w as to  m easure the static suspension  characteristics o f  the two  

100-ton three-p iece trucks that w ere used  under th e F u el Car to  include:

•  Truck Y aw  M om ent

•  A xle  A lignm ent

•  A xle  B ox L ongitudinal Stiffness

•  A xle  Y aw  and Inter-axle B en din g Stiffness

T he second objective w as to  m easure the quasi-static su sp en sion  characteristics o f  the  

tw o 100-ton trucks to  include:

•  Secondary Suspension  V ertica l Stiffness and D am ping

•  Secondary Suspension  L ateral Stiffness and D am ping

•  Secondary Suspension  Truck R o ll Stiffness

T he third objective w as to  m easure the m od al respon se param eters o f  th e F u e l Car in  

loaded , half-loaded, and u n loaded  conditions, to  include:

•  P itch and B ounce

•  U p p er and L ow er C enter R o ll

•  Y aw  and Sway

•  V ertical and L ateral B ending

•  L ongitudinal T orsion  (Tw ist)

•  F u el S losh Frequency
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3.0 PROCEDURES

T h ese  tests w ere perform ed follow ing procedures specified  in  A ppendix  B  o f  C hapter XI.

3 .1  AIR REARING  TABLE TEST

Static truck characterization w as perform ed using air bearing tables. T h ese  tables u tilized  six 

air bearings to  float an  object o ff the ground on  a cushion o f  air. This effectively  elim inated  

th e friction b etw een  th e w h eels  and the rail. Figure 3.1 shows an  air bearing table.

Figure 3.1 Air B earing Table
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•  Truck Y aw  M om ent

•  A xle  A lignm ent

•  A xle  B ox L ongitudinal Stiffness

•  A xle  Y aw  and Inter-axle B ending Stiffness

3.1.1 Truck Yaw M om ent T est

T he Truck Y  aw M om ent T est w as u sed  to  determ ine the force necessary  to  break static friction
\ ■ ' 

and rotate the truck about th e car body center p late. Truck rotation  is resisted  by friction  in

th e center p la te  and side bearing m ating surfaces o f  the truck bolster, and the veh ic le  car 

body. T he value desired in  this test is the breakaway torque.

A n  air bearing tab le w as p laced  under the truck b ein g  tested . A ctuators w ere attached  

at opp osite  corners o f  th e tab le to  induce the forces necessary for rotation . String pots w ere  

p laced  at the tw o free  com ers to  m easure the rotational d isp lacem ent. T h e force w as app lied  

equally and gradually w ith both  actuators until the tm ck  broke away. C hain hoists w ere  u sed  

to  rep osition  the tm ck  for re-test. B oth  o f  the trucks w ere tested  in  clockw ise and counter

clockw ise rotations.

The Air Bearing Table Test consisted of the following four sub-tests described in
Appendix A  of Chapter XI:
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The actuators and string pots, for the Truck Yaw Moment Test, were assembled as
shown in Figure 3.2.

Figure 3.2 Truck Y aw M om ent T est Setup

3.1.2 A xle A lignm ent Test

T he A x le  A lign m en t T est w as perform ed to  determ ine the lateral or radial m isalignm ent 

b etw een  th e  tw o axles in  a truck.

S ince b o th  axles in  the truck n eed ed  to  m ove independently  for this test, the air tab le  

arrangem ent had  to  b e  changed. Tw o air tables w ere p laced  under on e  truck, o n e  under each  

axle.
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In order to measure radial and lateral misalignments, an optical transit and four precision
scales were used in the arrangement shown in Figure 3.3.

Figure 3.3 A xle A lignm ent T est Setup

E ach tim e the tables w ere floated  and set back  down, the axle spacing on  each  side o f  

the truck w as m easured . T he scales w ere th en  put in  p lace  and the m isalignm ents calculated. 

T his test w as perform ed three tim es on  b oth  o f  the trucks.
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3.1.3 Longitudinal Stiffness Test

F or this test th e  air tab les w ere le ft in  the sam e configuration as they w ere  for axle alignm ent 

test. A ctuators w ere  connected  to the ends o f  the axles v ia  axle spuds b o lted  o n  th e bearing  

end  caps. T h e actuators and string pots w ere connected b etw een  the tw o axles o n  b oth  sides  

o f  the truck, as show n in  Figure 3.4.

Figure 3.4 L ongitudinal Stiffness T est Setup

String pots w ere u sed  to  m easure displacem ent b e tw een  the tw o axles on  each  side o f  

th e  truck. T h e axles w ere pushed apart and pulled together to  determ ine th e  longitudinal 

stiffness. T his test w as accom plished on  both  trucks.
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3.1.4 Axle Yaw and Inter-axle Bending Stiffness Test ;

T h e A xle Y aw  and Inter-axle B ending Stiffness T est w as perform ed in  conjunction w ith  the  

Longitudinal Stiffness T est. T he axles w ere yaw ed by pushing th em  apart on  on e  side o f  the  

truck w hile pulling them  together on  the other side o f  the truck.

3 2  M IN I-SH A K E R  U N IT  TR UC K  CHARACTERIZATIO N TEST

T he quasi-static truck characterization tests, described in  A ppendix  A  o f  C hapter X I, w ere  

conducted  to  find th e vertical and lateral suspension  characteristics o f  the tw o A m erican  S tee l 

Foundries’ (A S F ) 100-ton design  ride control trucks. B o th  trucks w ere  equipped  w ith  eight 

D -7  outer springs and seven  D -7  inner springs, the cen ter outside spring pockets w ere  em pty. 

T h e trucks w ere individually tested  under the B -en d  o f  a  U n io n  Pacific gond ola  (U P 31923). 

T h e gondola w as load ed  to  approxim ate the average axle load  (59,000 lbs.) o f  th e  F u e l Car. 

T he tests included vertical, lateral, and roll tests at low  frequencies to  determ ine the stiffness  

and dam ping characteristics o f  the truck suspension  com ponents. T h ese  param eters w ere  

required as input for a m athem atical m odel, N ew  and U n tried  Car A nalytic R eg im e S im ulation  

(N U C A R S ), u sed  to  predict rail car perform ance; A ll o f  the characteristics u sed  w ere for the  

secondary suspension  because  the truck design  did n o t have prim ary suspension.

3 .2 .1  T est Specim en and T est A pparatus

T he M S U  utilized  tw o 140-kip hydraulic actuators for vertical input excitation  to  th e veh ic le  

and o n e  140-kip hydraulic actuator for lateral excitation. T h e actuators w ere  a ttached  to  

reaction  m asses b o lted  to  the floor o f  the R a il D ynam ics Laboratory (R D L ). E ach  actuator  

w as connected  b e tw een  the car body and a reaction  m ass w ith  special brackets that w ere  

w eld ed  to the car structure. S inusoidal input signals w ere provided to  the actuator control 

valves w ith a  H ew lett Packard (H P ) 360 desktop com puter team ed  w ith  a  program m able
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fu n ction  generator. T h e actuators w ere controlled  with 0.1 and 0.25 H ertz  (H z) signals during 

th e  quasi-static tests. F igures 3.5 and 3.6 show  the M S U  in  th e vertica l and lateral test con

figurations, respectively.

REACTION MASS REACTION MASS

-o- w

Figure 3 .5  M S U  V ertical Test C onfiguration
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3.2.2 E M  Fuel C ar Instrum ent Setup

M S U  applied m easurem ents consisted  o f  input forces and d isp lacem ents o f  th e hydraulic  

actuators. R esp o n se  d isplacem ents w ere  m easured  across th e  various suspension  e lem en ts. 

V ertica l and lateral w h e e l/r a il forces w ere m easured  by strain gaged  rail. String p ots w ere  

insta lled  as show n in  F igure 3 .7  and F igure 3.8. T he vertica l and lateral stiffness and dam ping  

w ere determ ined from  th ose  locations. A  general m easu rem en t list is presen ted  in  T ab le  3.1. 

A  com plete  m easurem ent list is included in  the "M SU Truck C haracterization Procedure"  

found in  A ppendix E  o f  the final report.

F igure 3 .7  Q u asi-S ta tic  D isp lacem en t and Instrum ented  R ail L ocation
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Figure 3.8 Q u asi-S ta tic  Truck and Car Instru m entation  L ocations

T able 3 .1  T ruck C haracterization  M easurem ent D escrip tion s

MEASUREMENT MEASUREMENT
NAME DESCRIPTION

VRF3 Vertical Wheel/Rail Force - Lead Axle Right
LRF3 Lateral Wheel/Rail Force - Lead Axle Right
VRF4 Vertical Wheel/Rail Force - Lead Axle Left
LRF4 Lateral Wheel/Rail Force - Lead Axle Left
VRF5 Vertical Wheel/Rail Force - Trail Axle Right
LRF5 Lateral Wheel/Rail Force - Trail Axle Right
VRF6 Vertical Wheel/Rail Force - Trail Axle Left
LRF6 Lateral Wheel/Rail Force - Trail Axle Left

DZ03 Vertical Displacement - Right Car Body to Truck Bolster
DZ04 Vertical Displacement - Left Side Spring Group
DZ14 Vertical Displacement - Left Car Body to Truck Bolster
DZ15 Vertical Displacement - Right Side Spring Group
DY01 Lateral Actuator Displacment
DY02 Lateral Displacement - Right Side Frame to Truck Bolster
DY03 Lateral Displacement - Left Side Frame to Truck Bolster
DY04 Lateral Displacement - Car Body to Truck Bolster
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3.2.3 Test D escrip tions (Ver t ic a l  R o llf and L ateral In p u ts^

3.2.3.1 V ertical Q u asi-sta tic  Su sp en sion  C haracterization

T h e vertical quasi-static characterization tests w ere conducted  by cycling b oth  vertical 

actuators in-phase at frequencies o f  0.1 H z  and 0.25 H z. T h e actuators w ere  extended  and  

retracted to  the fu ll extent o f  th e spring travel and to  various leve ls  b e lo w  th e m axim um  spring 

travel. It w as determ ined, during the tests, that approxim ately 4 inches o f  actuator dis

p lacem ent w as sufficient to  fully com press th e springs. F igure 3 .9  is a fo rce  versus d isp lacem ent 

hypothesis p lot. T he m eth od  u sed  to  find stiffness and dam ping is a lso  displayed.

STIFFNESS DAMPING
K1 = (FI -  F3) /  (P2 -  PI) D1 = FI -  F2
K2 = (F2 -  F4) /  (P2 -  PI) D2 = F3 — F4

Figure 3.9 S tiffn ess and  D am ping O btained  from  H ysteresis P lot

T he straight lin e  portions o f  th e curve in  Figure 3.9 represent either the com pression  

or extension  o f  the suspension  system  (springs). T he near vertical p ortion  at each  end  o f  

th e cycle represent the fu ll ex tension  or com pression  o f  th e  spring. T h e stiffness increases

12



greatly due to  stee l on  s tee l contact w hen  com ponents run up against th e stops. T he differ

en ce  in  force at any g iven  d isp lacem ent on  this p lo t represents the frictional com ponent o f  

th e  to ta l force. T h e s lop e  represents the stiffness w hile the d ifference b e tw een  the slopes  

represents damping.' • . . ,

3 .2.3.2 R oll Q u asi-sta tic  Su sp en sion  C haracterization

T h e  roll quasi-static characterization tests w ere very sim ilar to  th e vertica l characterization  

tests, w ith  exceptions b e in g  that the vertical actuators w ere operated  180 degrees out-of-phase  

and actuator d isp lacem ents w ere tested  at ± 2  inches.

3.2.3.3 L ateral Q u asi-sta tic  Su spension  C haracterization

T h e lateral quasi-static characterization tests required reconfiguration  o f  the M S U  to  a  single  

la tera l actuator arrangem ent. T he input was cycled at 0.1 H z  and 0.25 H z  in  the range from  

± 10 kip to  ± 1/5 tim es th e  vertical static load  o f  the car (± 20  kips), w hich is the A A R  C hapter  

X I criterion.

3 .2 .4  T est P rerequ isites /  T est Sequence

Prior to  the F u el Car’s arrival at TTC, the car had derailed  tw ice in  C hicago. M aintenance  

p erson n el in  C hicago greased  the ride control assem bly to, supposedly, increase the cars 

stability for interchange to  TTC.

B efore  a truck w as tested , the ride control assem bly w as in spected  and degreased , the  

pre-com pression  on  the constant contact side bearings w as checked , th e cen ter p lates and  

w ear liners w ere in sp ected  and photographed, and the D 7  springs from  th e center outside  

spring p ockets w ere  rem oved  to  provide an 8 outer and 7 inner spring configuration. T he
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trucks also underw ent a warm -up period  to  w ear-in the friction  snubbers. In  this w ear-in  

period  each  truck w as cycled in  the vertica l setup for on e  hour. T h e  w ear-in  w as don e b efore  

th e vertical quasi-static characterization tests.

T h e vertical, roll, and lateral quasi-static characterization tests w ere  perform ed o n  Truck

1. Truck 2  w as th en  p laced  in  the M S U  and w as tested  first in  th e  lateral and th en  in  the  

vertical and roll configuration.

3.3 M O D A L  R E SPO N SE  TEST

T h e M odal R esp on se  T est w as perform ed on  the F u el Car to  determ ine the first natural 

frequencies for the follow ing m odes:

•P itc h  and B ou n ce  

•U p p e r  and L ow er C enter R o ll 

•Y a w  and Sway 

•V e r tica l and L ateral B ending  

•  L ongitudinal T orsion  (Tw ist)

•F u e l  Slosh Frequency

3.3.1 T est A pparatus

T h e  m od al response tests w ere  perform ed on  the F u el Car in  loaded , un loaded , and half- 

lo a d ed  configurations utilizing th e M S U  in  the R D L . T he test apparatus u sed  for the m od al 

respon se test w as alm ost identica l to  that u sed  for the quasi-static truck characterization test. 

T h e only d ifference w as that the M S U  w as equipped w ith  55 kip hydraulic actuators instead  

o f 140 kip hydraulic actuators.

T h e actuators w ere connected  b etw een  reaction  m asses and th e  car bod y  v ia  attachm ent 

fixtures w eld ed  to  the car.
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3 .3.2 Fuel C ar Instrum entation  Setupi

R ig id  body and flex ib le  bod y  m od es w ere assessed with th e array o f  accelerom eters show n in  

Figure 3.10. String pots w ere installed  in  the locations show n in  F igure 3.11. F rom  those  

m easurem ents, rigid bod y  bou nce, pitch, upper and low er center roll, and yaw  and sway w ere  

determ ined.

Slosh gages w ere in sta lled  inside the tank (see  Figure 3.12). T h e  gages w ere G em s 36000  

Series tank lev e l indicating transm itters. T hey allow ed calcu lation  o f  th e  resonant frequency  

o f  the fu el during the ha lf-loaded  M S U  Testing.
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F igure 3 .11 C ar Body To G round D isp lacem en ts
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Figure 3.12 Slosh Gages

Vertical and lateral loads were measured at each wheel on the A-end of the car via 

instrumented rail sections. Actuator force and displacement was also measured. Acceler

ometers and string pots were installed on the A-end trucks. A  complete measurement list is 

presented in the "M odal Test Procedure" in Appendix E  o f the final report.
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3.3.3 R igid Body V ertical Test

The M SU  was set up in the vertical test configuration as shown in Figure 3.10. The actuators 

were cycled in-phase with 5,10, and 15 kip sinusoidal inputs. The frequency increased from 

.2 H z to 5.0 H z in .1 H z steps at 10 cycles per step.

3.3 .4  R igid Body R oll Test

The M SU  setup remained in the vertical configuration; however, the actuators were cycled 

180 degrees out-of-phase with each other.

3.3 .5  F lexib le Body V ertical Test

The M SU  remained in the vertical test configuration. The actuators were cycled in-phase, 

but they were in displacement control rather than force control. Displacement control was 

used for a constant acceleration (g) input. The sweeps were from 3 H z to 30 H z at constant 

acceleration inputs of .1, .2, and .3 g. Additional sweeps, depending on the configuration of 

the Fuel Car, were also performed if  deemed necessary.

3.3 .6  F lex ib le  Body Twist Test

The Flexible Body Twist Test was also performed in the vertical configuration with the 

actuators 180 degrees out-of-phase with respect to each other.
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3.3.7 R ig id  B ody L a te ra l Test

The M SU  was configured to the lateral test setup as shown in Figure 3.13.

Figure 3.13 M S U  L ateral C onfiguration

The Rigid Body Lateral Test was performed with basically the same frequency sweeps 

as the Rigid Body Vertical Test but with only one actuator in the lateral direction.

3.3.8 F lex ib le  Body L ateral Test

The Flexible Body Lateral Test was performed with the same type o f inputs as the Flexible 

Body Vertical Test. This was also done with just one actuator in the lateral direction.
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4.0 RESULTS

4.1 AIR BEARING TEST RESULTS

4.1.1 100-Ton Truck Yaw Moment

Force versus displacement was plotted for each actuator after each test. Figure 4.1 shows a 

typical force versus displacement plot.

Figure 4.1 First Actuator Force versus Displacement, Yaw  Moment Test

The force increased with relatively small displacement until the static friction was 

overcome. A t that point, the truck rotated with very little increase in force. This was called 

the breakaway point. It should be noted that the Fuel Car had constant contact side bearings.
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Since two actuators were used, the actual breakaway torque or yaw moment was cal

culated by summing the two breakaway torques. Force versus displacement for the second 

actuator is shown in Figure 4.2 and is very similar to Figure 4.1.

TOTAL DISPLACEMENT SP1

Figure 4.2 Second Actuator Force versus Displacement, Yaw  Moment Test

In this case, the breakaway force on each actuator was slightly more than 2,000 pounds. 

The plots are not smooth because a hand pump was used to drive the actuators. A fter the 

breakaway point, friction still exists; this can be seen by the smaller but positive slope o f the 

characteristic line.

The perpendicular distance from each actuator to the truck center pin was approximately 

36 inches. The yaw moment or breakaway force was then calculated by multiplying the sum 

of the two forces by the distance of 36 inches. The yaw moment for run FCA016, shown in 

the previous figures, was (2,150 + 2,050) X  36 = 144,000 in-lbs. The yaw moment is generally 

largest during the first test. The overall yaw moment average o f both trucks was 108,300 in-lbs.
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The clockwise breakaway torque o f Truck 2 was affected by the fact that the brakes were 

inadvertently left on; hence, that data was not used in the averages. Tables 4.1 and 4.2 show 

a summary of the Y aw  Moment Test results.

Table 4.1 Yaw  Moment Test Results For Truck 1

DIRECTION RUN
NO.

FORCE 1 
(kips)

FORCE 2 
(kips)

TOTAL
(kips)

MOMENT
(in-lbs)

AVERAGE
(in-lbs)

STD
DEV

CCW 016 2.0 2.0 4.0 144,000 * -- --

CCW 017 1.5 1.6 3.1 111,600 - -

CCW 018 1.5 1.5 3.0 108,000 109,800 3,600

CW 019 . 1.6 1.65 3.25 117,000 - -- ''

CW 020 1.4 1.4 2.8 100,800 - --

CW 021 1.425 1.425 2.85 102,600 106,800 8,879

'_______ A V E R A G E  Y A W  M O M E N T : 108,300 in-lbs

NOT USED IN AVERAGE

Table 4 2  Yaw Moment Test Results For Truck 2

DIRECTION RUN
NO.

FORCE 1 
(kips)

FORCE 2 
(kips)

TOTAL
(kips)

MOMENT
(in-lbs)

AVERAGE
(in-lbs)

STD
DEV

CCW 025 1.4 1.5 2.9 104,400 - -

CCW 026 1.6' 1.6 3.2 115,200 - -

CCW 027 1.4 1.5 2.9 104,400 108,000 6,235

CW 022 2.5 2.5 5.0 *180,000 - -

CW 023 2.7 2.8 5.5 *198,000 -- --

CW 024 2.7 2.8 5.5 *198,000 *192,000 10,392

. AVERAGE YAW MOMENT : 108,000 in-lbs

Values affected by hand brake were not used for averages.
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4.1.2 A x le  A lig n m e n t Test

The radial misalignment and the lateral misalignments of the individual axles in a truck were 

the subject o f this investigation. Six measurements, described in Table 4.3, were made during 

each test and are shown in Figure 4.3.

T able 4.3 A xle A lignm ent M easurem ents

MEASUREMENT
NAME

DESCRIPTION

AS1 Right Side Axle Spacing Measured Directly From Caliper
AS2 Left Side Axle Spacing Measured Directly From Caliper
LAI Leading Axle Lateral Alignment - Leading Half of Wheel
LA2 Leading Axle Lateral Alignment - Trailing Half of Wheel
TA1 Trailing Axle Lateral Alignment - Leading Half of Wheel
TA2 . Trailing Axle Lateral Alignment - Trailing Half of Wheel

TA2

a A : a
TA1

AS2 7 0 "  NOMINAL AS1

V V
LA2

V

LA1

8 9 .6 2 5 ' '

RADIAL M ISALIG N M EN T =  (AS1 -  A S 2 ) / 8 9 . 6 2 5

Figure 4.3 A xle A lignm ent M easurem ents
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Axle radial misalignment was calculated with the axle spacing values A S 1 and A S2 as 

shown in the equation in Figure 4.3. Axle lateral misalignment was calculated with the leading 

axle and trailing axle measurements L A I, LA2, T A 1, and TA2, respectively. Those numbers 

were read from rulers with a Brunson Optical Transit. The transit was first rotated until L A I  

was equal to TA2. It was then translated so that L A I  and T A 2 were on a round number. I A 2  

and T A 1  were measured and then delta L A ’s and T A ’s were calculated. The transit was 

parallel to the side frame when L A I  and T A 2 were equal. The lateral misalignment could 

be implied from the deltas. Table 4.4 is a tabulation of alignment measurements from both 

trucks.

T able 4 .4  A xle A lignm ent D ata

TRUCK
NO.

RUN
NO.

A S 1. 
(IN.)

AS2 . 
. (IN.)

RADIAL
MIS.

(MRAD)

DELTA
LA
(IN.)

DELTA
TA

(IN.)

1 1 69.968 70.000 0.3 +0.100 +0.107

1 2 70.036 70.038 0.0 +0.041 +0,013

1 3 70.034 70.101 0.7 +0.044 +0,026

2 29 70.056 70.026 0.3 -0.100 -0.081

2 30 70.063 69.988 0.8 -0.106 -0.082

2 31 70,077 70.017 0.6 -0.100 -0.094

The variations were consistent and typical for a conventional three-piece truck 

design, and should have little affect on the on-track performance of the Fuel Car. No 

further analysis was performed.

\
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4.1.3 A x le  B o x L o n g itu d in a l S tiffn e ss

A xle box longitudinal stiffness is related to the ability o f the axles to move longitudinally 

independently o f each other. In standard three-piece trucks, the longitudinal stiffness is 

very high once the bearing adapters run up against the side frame stops. In trucks with pri

mary suspension components, there is some stiffness associated with the stretching o f the 

suspension before the bearing adapters run up against the stops. The Fuel Car has no 

primary suspension. Figure 4.4 is a side view representation o f the components to be inves

tigated during the Longitudinal Stiffness Test.

Figure 4.4 Longitudinal Stiffness Theory

N U C A R S  requires axle box stiffness rather than truck side stiffness. It was assumed 

that the truck side was symmetric. Force versus displacement plots were produced for each 

truck side on all test runs. Typical plots, run FCA015 in this case, are shown in Figures 4.5 

and 4.6. The stiffness slope was calculated with linear regression.
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Figure 4.5 Right Truck Side Stiffness Plot

Figure 4.6 Left Truck Side Stiffness Plot
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Linear regression was performed on each graph. Table 4.4 is a  tabulation o f the truck 

side stiffness measurements. The overall average truck side longitudinal stiffness was 73.33 

kips/inch. This stiffness is due to sliding friction between the bearing adapter and side 

frame.

Table 4.4 Truck Side Longitudinal Stiffness Measurements

RUN NO. TRUCK NO. DIRECTION LC1SLOPE 
(KIPS/INCH)

LC2SLOPE 
(KIPS/INCH)

005 1 Pulling 71.6 65.5

006 1 Pulling 65.2 76.9

007 1 Pulling 59.4 61.7

008 1 Pushing 53.3 51.1

009 1 Pushing 83.7 95.4

010 1 Pushing 78.1 89.5

AVERAGE : 68.6 73.35

STANDARD DEVIATION : 11.5 17.04

032 2 Pulling 60.51 60.83

033 2 Pulling 84.72 *108.46

034 2 Pushing 76.30 94.90

035 2 Pushing *45.95 77.74 •

036 2 _ Pushing 78.93 97.73

037 2 Pulling 76.20 96.81

AVERAGE : 75.33 71.33

STANDARD DEVIATION : 8.97 16.08

OVERALL AVERAGE : 73.33 kips/inch

OVERALL STANDARD DEVIATION : 8.9 kips/inch

Not used in calculations
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The truck side averages were then doubled to give axle box stiffnesses. A  final stiff

ness of 10 3 kips/inch was estimated to represent the bearing adapter up against the stops. 

Contact was never made in the test. The axle needed to displace 1/8-inch before that 

would happen (see Figure 4.7).

Figure 4.7 Axle Box Stiffness Test Measurements

It Was necessary to provide a complete force versus displacement profile in the form 

of a look-up table for N U C A R S. The first slope was extrapolated to a deflection of 1/8 

inch, point 2, and the second slope was assumed to be 10 3 kips/inch as shown in Table 4.6 

and Figure 4.8.

The equations used to extrapolate the stiffness data are shown below.

F z = K (1_2)* 6 2

b3 = F 3 ~ F 2^ K (2-3) + ̂  2
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T a b le  4.6 N U C A R S  L o o k-u p  T ab le  F o r A x le  B o x S tiffn e ss

1 2 3

0 18.4 50.0 ■

0 0.125 0.156

F =  F o r c e  In KIPS . 

fj =  D i s p l a c e m e n t  In I n c h e s

6
AXLE BOX DISPLACEMENT (inches)

Figure 4.8 Axle Box Stiffness Graph
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In curving, the axles have a tendency to yaw with respect to each other as shown in Figure 

4.9.

4.1.4 A x le  Y aw  A n d  In te r-a x le  B e n d in g  S tiffnesses

B = Axle Length © = Axle..Deflection Angle
F = Force Applied at Axle K = Stiffness of Axle Yaw 

M = Moment Applied at Axle

Figure 4.9 Axle Yaw  Stiffness Theory

The first step in finding axle yaw stiffness was to calculate the stiffnesses K 1  and K2 

in the same manner as longitudinal stiffness.
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Table 4.7 shows a summation of stiffness data for each test.

Table 4.7 Axle Yaw Stiffness Summary Sheet

RUN NO. TRUCK NO. DIRECTION LC1SLOPE 1 LC1SLOPE2

Oil 1 LC1PUSH/LC2PULL 80.9 48.2

012 1 LC1PUSH/LC2PULL 85.8 92.6

013 1 LC1PUSH/LC2PULL *41.2 71.3

014 1 LC1PULL/LC2PUSH 98.7 106.6

015 1 LC1PULL/LC2PUSH 90.3 103.0

AVERAGE : 88.9 84.34

STANDARD DEVIATION : 7.56 15.86

K1 = AVERAGE PUSH STIFFNESS LC1 and LC2 : 83.50 kips/inch 
K2 = AVERAGE PULL STIFFNESS LC1 and LC2 : 80.22 kips/inch

038 2 LC1PULL/LC2PUSH 76.1 83.6

039 2 LC1PULL/LC2PUSH 77.5 104.4

040 2 LC1PULL/LC2PUSH 71.5 ' 99.3

041 2 LC1PUSH/LC2PULL *41.2 88.1

042 2 LC1PUSH/LC2PULL 81.7 87.5

043 2 LC1PUSH/LC2PULL 83.0 84.4

AVERAGE : 77.96 91.21

STANDARD DEVIATION : 4.6 8.58

K1 = AVERAGE PUSH STIFFNESS LC1 and LC2 : 80.87 kips/inch 
K 2= AVERAGE PULL STIFFNESS LC1 and LC2 : 82.20 kips/inch

* Not included in calculations
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The calculation for average axle yaw stiffness is shown below. R efer to Figure 4.9 for 

the definitions o f the variables.

F  k  =  2 ( K 1 +  K Z ~ ) B Q  

M  =  F k B  =  ( K i + K 2 ) B 2 Q

K a y  =  A X L E  Y A V  S T I F F N E S S  =  ^ -  =  C K 1 +  k ^ b 2

K \ Y  =  ( 8 3 . 5 0  +  8 0 . 2 2 ) ( 7 9 ) z =  1 , 0 2 1 , 7 7 6 I N C H  -  k i p s / R A D  =  1 0 2 1  I N C H  -  k i p s / M R  A D  

K * y  =  ( 8 0 . 8 7  +  8 2 . 2 0 ) ( 7 9 ) 2 =  1 , 0 1 7 , 7 1 9 I N C H  -  k i p s / R A D  =  1 0 1 7  I N C H  - k i p s / M R  A D

The final calculation yielded axle yaw stiffnesses of 1021 and 1017 in-kips/mrad for 

trucks one and two, respectively. The average of 1019 in-kips/mrad was to be compared to 

N U C A R S calculations o f yaw stiffness from the longitudinal stiffness inputs. The axle box 

stiffness of 147 kips/inch obtained in the longitudinal stiffness test would yield an axle yaw 

stiffness of 918 inch-kips/mrad, 10 percent lower than the axle yaw test results.

4.2 MSU TRUCK CHARACTERIZATION TEST RESULTS

The test data was reduced using A A R  developed software on an H P 360 computer system. 

Plots were made to display stiffness and damping in the particular suspension component. 

The x-axis corresponds to the displacement measurement; the y-axis corresponds to the 

rail-force measurement (the rail forces, not the load cells, were used for these plots). The 

upper and lower slopes of the curves correspond to the stiffness in kips/inch for the vertical 

and lateral runs, and inch-kips/radian for the roll runs. The damping corresponds to the 

vertical gap (hysteresis) between the upper and lower sloped lines. Figure 4.10 is a typical 

hysteresis plot. In this case the sum of the right vertical rail forces is plotted versus the sum
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of the right vertical spring displacement. Table 4.8 lists the test runs that were analyzed.

Figure 4.10 Force versus Displacement Plot Showing Vertical Stiffness and Damping 
(Hysteresis) for the Right Side Truck Secondary Suspension
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Table 4.8 Quasi-static Test Runs

RUN
NAME

DESCRIPTION FREQUENCY TRUCK
NO.

TEST

FC01 RN003 Stroke Control* *CP" 0.1 Hz 1 Vertical
FC01 RN006 Stroke Control* C.P" 0.25 Hz 1 Vertical
FC01 RN010 Stroke Control* 2.0" 0.1 Hz 1 Roll
FC01 RN014 Stroke Control* 2.0" 0.25 Hz 1 Roll
FC01 RN017 Force Control * *SL kip north 0.1 Hz 1 Lateral
FC01 RN020 Force Control * SL kip north 0.25 Hz 1 Lateral
FC01 RN023 Force Control *  SL kip south 0.1 Hz 1 Lateral
FC01RN026 Force Control * SL kip south 0.25 Hz 1 Lateral

FC02 RN003 Stroke Control* C.P" 0.1 Hz 2 Vertical
FC02 RN006 Stroke Control* C.P" 0.25 Hz 2 Vertical
FC02 RN010 Stroke Control* 2.0" 0.1 Hz 2 Roll
FC02 RN014 Stroke Control* 2.0" 0.25 Hz 2 Roll
FC02 RN017 Force Control *  SL kip north 0.1 Hz 2 Lateral
FC02 RN020 Force Control * SL kip north 0.25 Hz 2 Lateral
FC02 RN023 Force Control * SL kip south 0.1 Hz 2 Lateral
FC02 RN026 Force Control * SL kip south 0.25 Hz 2 Lateral

* C.P = Full Compressed Spring Distance
* SL = !/s Vertical Static Load

The secondary suspension rates for the chosen vertical, roll, and lateral tests were 

determined. Damping was calculated for the vertical and lateral runs. The stiffness and 

damping values were averaged for each truck in the vertical, roll, and lateral configurations. 

Tables 4.9(a) and 4.9(b) give the vertical secondary suspension average stiffness and damping 

for the vertical test runs at 0.1 and 0.25 H z respectively. W hen observing the vertical and roll 

data a consistently higher stiffness (approx. 7 % ) and damping (approx. 30%) for the right side 

over the left side on both trucks can be seen. This caused an investigation into the test setup. 

Truck 2 was rotated and tested. It was found that the stiffness and damping also reversed. 

This clearly showed the vertical characteristics o f both trucks were indeed asymmetric. No 

further investigation was considered necessary at that time.
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Table 4.9(a) Secondary Suspension Average Vertical Stiffness and Damping
for Test Runs @ 0.1 Hz

TRUCK LEFT SIDE AVERAGE 
VERTICAL DATA

RIGHT SIDE AVERAGE 
VERTICAL DATA

STIFFNESS DAMPING STIFFNESS DAMPING

1 24.39 kips/in. 10.78 kips 25.00 kips/in. 16.00 kips

2 24.37 kips/in. 11.05 kips 27.40 kips/in. 11.60 kips

Table 4.9(b) Secondary Suspension Average Vertical Stiffness and Damping
for Test Runs @ 0.25 Hz

TRUCK LEFT SIDE AVERAGE 
VERTICAL DATA

RIGHT SIDE AVERAGE 
VERTICAL DATA

STIFFNESS DAMPING STIFFNESS DAMPING

1 24.23 kips/in. 10.65 kips 24.72 kips/in. 15.84 kips

2 24.41 kips/in. 09.95 kips 26.27 kips/in. 15.34 kips

Table 4.10 lists the secondary suspension average roll stiffness for each truck in the roll

case.

Table 4.10 Secondary Suspension Average Roll Stiffness

T R U C K

NO.

A V E R A G E  T R U C K  R O L L  STIFFNESS

1 67,502 inch-kips/radian

2 65,275 inch-kips/radian
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T ables 4 .11 (a ) and 4 .1 1 (b ) lis t th e  la te ra l secondary suspension average s tiffness and

dam ping  fo r  b o th  tru cks  in  th e  la te ra l case a t 0.1 and 0.25 H z , re sp ective ly . A s  th e  tab les

show, T ru c k  1 had  a p p ro x im a te ly  tw o  tim es the  la te ra l stiffness o f T ru c k  2.

Table 4.11(a) Secondary Suspension Average Stiffness and Damping
for Test Runs @  0.1 Hz.

TRUCK LEFT SIDE AVERAGE 
LATERAL DATA

RIGHT SIDE AVERAGE [ 
LATERAL DATA

STIFFNESS DAMPING STIFFNESS DAMPING

1 45.57 kips/in. 36.85 kips 46.67 kips/in. 38.14 kips

2 26.40 kips/in. 27.20 kips 27.30 kips/in. 26.20 kips

Table 4.11(b) Secondary Suspension Average Lateral Stiffness and Damping
for Test Runs @  0.25 Hz.

TRUCK LEFT SIDE AVERAGE 
LATERAL DATA

RIGHT SIDE AVERAGE 1 
LATERAL DATA

STIFFNESS DAMPING STIFFNESS DAMPING

1 43.18 kips/in. 38.08 kips 46.51 kips/in. 38.15 kips

2 26.95 kips/in. 28.70 kips 26.10 kips/in. 28.83 kips

Please note that the lateral stiffnesses are taken from the forces seen on all four 

instrumented rails; therefore, they must be divided by two to give the rates o f the individual 

spring groups.

36



4.3 MODAL RESPONSE TEST ANALYSIS

M odal analysis was performed with Structural Measurements System’s (SMS) software. 

Transfer functions for each point shown in Figure 4.11 were created with A A R  analysis 

software and imported into the SMS model.

5'

Figure 4.11 Car Body Accelerometer Location
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4.3.1 R ig id  B ody V e rtic a l

D ata from runs RN017, RN031, RN043, and RN077 were analyzed to obtain pitch and 

bounce in the loaded, unloaded, and half-loaded configurations.

Figure 4.12(a) shows the loaded car’s transfer function between the actuator input 

force and a vertical accelerometer at the B-end of the car. From  the peaks in the transfer 

function and simulation by SMS modal software, it was postulated that the loaded car’s 

bounce natural frequency was 2.0 Hz.

Figure 4.12(a) Loaded Bounce Transfer Function
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Figure 4.12(b) shows phase relationship o f transducers located at each end of the car. 

Bounce describes the frequency at which the car has in-phase vertical response along the 

car. The phase relationship at the 4.75 H z peak in the transfer function does not corre

spond to bounce.

Figure 4.12(b) Loaded Bounce Phase Relationships

Transfer functions and phase relationships were analyzed, in the same manner, for 

the half-loaded and unloaded configurations. The natural bounce frequencies found for the 

half-loaded and unloaded cases were 2.875 H z and 3.875 Hz, respectively.

Pure pitch was not found in any of the configurations; however, approximate pitch 

frequencies were found.
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Figures 4.13(a) shows the transfer function between the actuator input force and a 

transducer mounted on the bottom B-end of the car. The pitch frequency found from  the 

peak in the transfer function and SMS was 4.5 Hz.

Figure 4.13(a) Pitch Transfer Function
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Figure 4.13(b) shows the phase relationship of transducers mounted at each ends of 

the loaded car. Pitch is when the vertical response o f a car body is 180 degrees out-of

phase between the ends o f the car. The phase difference found was 215. degrees.

FREQUENCY (Hz)
--------  A-END ■ / ------- B-END

Figure 4.13(b) Pitch Phase Relationships

The matrix below is a summary of the pitch and bounce modes identified. Half- 

loaded pitch was near 4.6 H z and unloaded pitch was near 4.75 Hz.

MODE LOADED HALF-LOADED UNLOADED

Bounce 2.0 Hz 2.875 Hz 3.875 Hz

• Pitch 4.5 Hz 4.625 Hz 4.75 Hz

• Approximate pitch frequencies
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4.3.2 R ig id  B ody L ow er C e n te r R o ll

D ata from runs RN024, RN045, and RN080 were analyzed to obtain lower center roll in 

the loaded, half-loaded, and unloaded configurations.

Figure 4.14(a) shows the loaded car’s transfer function between the actuator input 

force and a transducer near the center o f the car at the sides. Lower center roll is begins 

at 1 H z as shown by the beginning o f the peak in the transfer function. This was substan

tiated by the mode being seen in SMS.

FREQUENCY (H z )

Figure 4.14(a) Loaded Lower Center Roli
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The phase relationship o f transducers mounted on the right and left side o f the car 

are shown in Figure 4.14(b). Even though lower center roll begins at 1 H z the sides o f the 

car are nearly 180 degrees out-of-phase at all frequencies.

------  Left Side of Car ------ Right Side of Car

Figure 4.14(b) Loaded Lower Center Roll Phase Relationships

Transfer functions and phase relationships were analyzed, in the same manner, for 

the half-loaded and unloaded configurations. The lower center roll frequencies found for 

the half-loaded and unloaded cases were 1.125 H z and 1.25 Hz, respectively. The matrix 

below is the summary o f the lower center roll frequencies found. '

MODE | LOADED | HALF-LOADED | UNLOADED

L-Roll 1.00 Hz 1.125 Hz 1.25 Hz
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4.3.3 Rigid Upper Center Roll

D ata from runs RN005, RN062, and RN069 were analyzed in an attempt to obtain upper 

center roll in the loaded, unloaded, and half-loaded configurations. A  pure upper center 

roll frequency was not determined.

4.3.4 Flexible Body Vertical

D ata from runs RN031, RN054, and RN085 were analyzed to obtain first vertical bending 

in the loaded, half-loaded, and unloaded configurations.

Figure 4.15(a) shows the loaded car’s transfer function between the actuator input 

force and a vertical accelerometer near the middle of the car used to find first vertical 

bending at 11.0 Hz. A  mode that was not expected, which we will call the vertical flex 

mode, was also found at 8.375 Hz.

Figure 4.15(a) Loaded Flexible Body Vertical
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Figure 4.15(b) is a side view representation and shows the motion on the top of the 

car is in-phase with the motion on the bottom of the car in vertical bending; while, in the 

vertical flex mode the motion on the top of the car is 180-degrees out-of-phase with the 

motion on the bottom  of the car.

Figure 4.15(b) Vertical Bending Shape Illustration
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T ransfer functions and p h ase rela tion sh ip s w ere also  analyzed  to  fin d  vertica l bend ing  

for th e  h a lf-load ed  and u n load ed  configurations. A gain , in  b oth  cases, th e  vertica l flex  

m od e appeared . T he resu lts are sum m arized in  th e m atrix b elow .

MODE LOADED HALF-LOADED UNLOADED

V ertical Flex 8.375 Hz 11.875 Hz 16.25 Hz

V ertical Bending 11.0 Hz 15.125 Hz 18.875 Hz

4 .3 .5  F lex ib le  B ody T orsion  (Tw ists

D a ta  from  runs R N 039,.R N 054, and R N 090  w ere analyzed in  an  attem p t to  ob ta in  first 

tw ist in  th e  load ed , h alf-load ed , and u n load ed  configurations. ,

P ossib ly  due to  a  large in h eren t stiffn ess associa ted  w ith  a  cylinder (tan k ), tw ist w as 

n o t found.

4 .3 .6  R igid  B ody L ateral

D a ta  from  runs R N 009, R N 058, and R N 069 w ere analyzed in  an  attem p t to  d eterm ine the  

natural yaw  and sway freq u en cies for th e load ed , un loaded , and h a lf-load ed  F u el Car.

F igure 4 .16 (a ) show s th e transfer fu n ction  b etw een  actuator inp ut force  and a  lateral 

accelerom eter at a  b ottom  o f th e car a t on e end.
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F rom  th e  p eak s in  th e transfer fu nction  and sim u lation  by th e SM S softw are it  w as 

p ostu lated  th at th e  sw ay natural frequency w as 1.5 H z. N o  obvious yaw  frequency w as 

determ ined .

F igure 4 .16(a) L oaded Yaw and  Sway
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F igure 4 .16 (b ) show s th e p h ase rela tion sh ip s o f accelerom eters m ou n ted  at eith er end  

o f th e car at th e bottom .

A t 1.5 H z  th e car’s ends w ere 50 d egrees ou t-of-p h ase ind icating  sway. In  pu re sway 

th e  car’s ends w ould  b e  in-phase.

T h e ends o f th e car w ere ou t-of-p h ase la tera lly  from  2.3 H z to  4 .8  H z. O ut-of-phase  

m otion  cou ld  b e  ind icative o f yaw; how ever, n o  dom inate frequency w as determ ined .

F igure 4 .16(b ) L oaded Y aw  and Sway P h ase R ela tion sh ip s

T ransfer functions and ph ase relation sh ip s w ere analyzed, in  th e sam e m anner, to  

find  yaw  and sway for the h a lf-load ed  and u n load ed  configurations. T h e u n load ed  sway 

frequency w as n ot determ ined. T he resu lts are sum m arized in  th e m atrix b elow . *

MODE LOADED HALF-LOADED UNLO ADED

Sway 1.5 Hz 1.625 Hz Not Found

Yaw Not Found Not Found Not Found
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4 .3 .7  F lex ib le  B ody L ateral

* D a ta  from  run num bers R N 009, R N 063, and R N 074 w ere analyzed  to  ob ta in  first la tera l 

b en d in g in  th e load ed , h alf-load ed , and u n load ed  configurations.

* F igure 4 .1 7 (a ) show s th e load ed  car’s transfer fu n ction  b etw een  th e actuator input 

force and th e  top  m id d le o f the car at the top, u sed  to  find first la tera l bend ing, and  

another u n exp ected  m od e that w e’ll ca ll th e la tera l flex  m od e. T he transfer fu n ction  show s 

first la tera l b en d in g  in  it’s p eak  at 11.25 H z, and the la tera l flex  m od e at 8 .875 H z.

F igure 4 .17 (a ) L oaded F lex ib le B ody L ateral
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In  F igure 4 ,17(b ) (top  v iew ), first la tera l b en d in g is show n on  th e right hand sid e.

T h e m otion  o f th e top and bottom  cen ter lin es o f th e car are gen erated  from  accelerom eter  

data that are in-phase; w hile, the la tera l flex  m od e is show n on  th e le ft sid e  o f  F igure

4 .17 (b ), as th e m otion  o f the top  and b ottom  lin es o f  th e car that are ou t-of-p h ase (flex in g).
/'

T h e la tera l flex  m od e rep resen tation  has b e e n  exaggerated  to  show  th e b en d in g  o f  th e car. 

T he la tera l flex  figure a lso  appears to  have a  ro ll com pon en t as show n by th e gap b etw een  

th e top  and b o ttom  o f the car. ,
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T ransfer fu nctions and ph ase relationsh ip s w ere a lso  analyzed  to  fin d  la tera l bend ing  

for th e h a lf-load ed  and u n loaded  configurations. A gain , in  b oth  cases, th e la tera l flex  

m od e app eared . T h e resu lts are sum m arized in  th e fo llow ing m atrix.

MODE LOADED HALF-LOADED UNLOADED

LATER AL FLEX 8.875 Hz 11.5 Hz 16.0 Hz

LATER AL BENDING 11.25 Hz 14.625 Hz 19.0 Hz

-4.3.8 F u el

D a ta  from  th e rigid  h alf-load ed  runs show ed th e resonant frequency o f th e fu e l slo sh  to  b e

0.5 H z. F igu re 4 .18  is a  Pow er Spectral D en sity  (P S D ) o f on e o f th e six slo sh  gauges (vertical 

d isp lacem en t flo a ts) th at w ere in sta lled  in sid e th e tank o f th e car.

F igure 4 .18 H alf-loaded  R igid  F u el
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4.4 RESULTS SUMMARY

T ables 4 .12  and 4.13 p resen t a  sum m ary o f characterization  data w hich  w as p rovid ed  

for N U C A R S.

T able 4.12 T ruck C h aracterization  Sum m ary

PARAMETER VALUE

STIFFNESS | DAMPING

Secondary Suspension Vertical 2S.1 kips/in  | 6.3 kips

Secondary Suspension Lateral 18.04 kips/in  | 16.3 kips

Truck R o ll Rate 66,388 in-kips/rad

Truck Yaw Moment 108,300 in-lbs

Axle Alignm ent No E ffect

Axle Box Longitudinal Stiffness 147 kips/inch

In te r Axle Yaw and Bending Stiffness 1,019 in-kips/m rad

T able 4.13 M od al Sum m ary

PARAMETER
FREQUENCY

LOADED HALF-LOADED UNLOADED

Bounce Frequency 2.0 Hz 2.875 Hz 3.875 Hz

Pitch Frequency 4.5 Hz 4.625 Hz 4.75 Hz

R oll Frequency Lower Center 1.00 H z 1.125 Hz 1.25 Hz

R oll Frequency Upper Center • * *

Sway Frequency 1.5 Hz 1.625 Hz •

Yaw Frequency • * •

F irst Vertical Bending Frequency 10.6 Hz 15.125 Hz 18.875 Hz

V ertical Flex 8.375 Hz 11.875 Hz 16.25 Hz

F irst Torsional Frequency * • •

F irst Lateral Bending Frequency 11.25 Hz 14.625 Hz 19.0 Hz

Lateral Flex 8.875 Hz 11.5 Hz 16.0 Hz

* NOTFOUND
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5.0 CONCLUSIONS

1. In  gen eral, th e characterization  data seem ed  reason ab le.

2 . A x le  alignm ent test data w ill n o t b e  used.

3 . L ongitu d in al stiffness test data w ill b e  u sed  in  N U C A R S .

4 . A  la tera l variation  in  th e trucks existed; a lso , o n  b oth  trucks th e vertica l right side  

stiffn ess and dam ping are h igher than the le ft sid e stiffn ess and dam ping.

5 . T h e rigid body m od es o f low er cen ter roll, sway, and b ou n ce, h ave correlated  

track sp eed s that w ill b e  seen  in  operations o f less than  60 m ph o n  39-foo t 

w avelen gth  perturbations. C lose atten tion  should  b e  ob served  w h en  near th ose  

sp eed s. T h e follow ing is a  list o f th e tests and sp eed s th at sh ou ld  b e  c losely  

observed  w h ile  in  th e track w orthiness test regim e:

•  L ow er cen ter ro ll 25 to  38 m ph, depending on  vertica l lo a d in g ,

•  Sway 39 to  approxim ately 50 m ph, depend ing on  vertica l load in g

•  B ou n ce 50  to  55 m ph in  th e load ed  condition

6 . A ll m od es found above 2.63 H z (70  m ph) should  n ot b e  ex cited  in  th e T rack  

W orthiness T est.
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1.0 INTRODUCTION

T h e A sso c ia tio n  o f A m erican  R ailroads (A A R ), T ransportation T est C enter (T T C ), P u eb lo , 

C olorado, has contracted  w ith  th e F ed era l R ailroad  A dm inistration  (F R A ) to  perform  v eh ic le  

perform ance tests o n  th e  P eacek eep er  R a il G arrison (P K R G ) ra il cars according to  sp ecifi

cations in  A A R ’s, Manual o f Standards and Recommended Practices, C hapter X I (M -1001).

T h ese  tests in clu d e sta tic  (a ir bearing) and quasi-static truck characterization , v eh ic le  

dynam ic (m od al) characterization , rail car service w orth iness testin g , and track w orthiness 

testin g . S tatic  brake tests w ere also  perform ed to verify th e braking capab ility  o f th e cars.

T his is  th e report on  th e  service w orthiness testin g  o f th e E n gin eerin g  M od el (E M ) 

P K R G  F u el C ar (T B C X -90001). Service w orthiness consists o f a  variety  o f tests; how ever, 

on ly th e C urve S tab ility  T est w as perform ed w ith th e E M F u el Car b eca u se  th e car w as assum ed  

to  b e  a  p roven  structural design .

T he P K R G  F u el C ar is a  74,100 pound (u n loaded) con ven tion a l tank  car w ith  a  21,644  

gallon , 5 /8 -in ch -th ick  sh e ll tank that could  b e  used  to  carry d ie se l fu e l for th e P K R G  consist.

2 .0  O B JE C T IV E /D E SC R IP T IO N

T h e ob jective o f th e C urve S tab ility  T est w as to  p lace th e F u el Car o n  a  10-degree-curve track  

th at had le ss  th an  1 /2  inch  su p erelevation  and have it undergo b u ff and draft loads o f 200,000  

pounds w ith out car bod y su sp en sion  separation  or w h eel lift. T h e load s had to  b e  sustained  

for a m in im um  o f 20  secon d s for th e v eh ic le  to  pass the test. l.
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3.0 PROCEDURE

T h e test w as don e on  th e U rban  R a il B uild ing’s south  w ye. E xtrem ely short and lon g  cars 

w ere con n ected  adjacent to  th e F u el Car on  eith er sid e o f it  to  sim u late th e w orst case situation . 

C ar body suspension  sep aration  and w h ee l lift w ere m on itored  at 100 kips and at 200  k ips.

F or the purpose o f th is te st C hapter X I sta tes that w h ee l lift is d efin ed  as a  sep aration  

o f w h ee l and rail exceed in g  1 /8  in ch es w h en  m easured  2  and 5 / 8  in ch es from  th e rim  fa ce  at 

th e in sid e o f th e curve for b u ff and ou tsid e for draft. F igure 3.1 show s a  fe e ler  gage b ein g  

u sed  to  check  for w h eel lift.

F igure 3 .1  F eeler G age
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4.0 INSTRUMENTATION

•  200  kip  A ctuator

•  Instrum ented  C oupler, C onditioner  

® Strip C hart

•  S tee l C hocks

® 23 Car C onsist

5 .0  SER V IC E W O R T H IN E SS/C U R V E  STABILITY R E SU L TS

N o  car body su sp en sion  sep aration  or w h eel lift occurred on  th e F u e l Car during th e C urve 

S tab ility  T est.

The following is a list of the instrumentation and materials used in the Curve Stability Test:

r
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1.0 IN T R O D U C T IO N

T h e A sso c ia tio n  o f A m erican  R ailroads (A A R ), T ransportation  T est C enter (T T C ), P u eb lo , 

C olorado, has contracted  w ith  th e F ed eral R ailroad A dm in istration  (F R A ) to  perform  v eh ic le  

perform ance tests on  th e P eacek eep er R a il G arrison (P K R G ) rail cars according to  sp ecifi

cation s in  A A R ’s, Manual o f Standards and Recommended Practices, C hapter X I (M -1001).

T h ese  tests in clu d e sta tic  (air bearing) and quasi-static truck characterization , v eh ic le  

dynam ic (m od al) characterization , rail car service w orth in ess testin g , and track w orth iness 

testin g . S tatic brake tests w ere a lso  perform ed to  verify th e braking cap ab ilities o f th e cars.

T his is th e brake test report o f the E ngineering M od el (E M ), P K R G  F u el Car 

(T B C X -90001). T h e P K R G  F u el Car is a  74 ,100 pound (u n load ed ) con ven tion al tank car 

w ith  a 21 ,644  ga llon , 5 /8 -in ch -th ick  sh e ll tank that cou ld  b e  u sed  to  carry d ie se l fu e l for th e  

P K R G  consist.

2 .0  O BJEC TIV ES

T h e ob jective o f th e S tatic B rake T est w as to  determ ine sta tic  brake sh oe forces a t various 

brake cylinder pressures. T his in form ation  w as com pared to  accep ted  braking standards and  

w as a lso  u sed  to  ensure th e com patib ility  o f a ll car brake system s in  th e P K R G  train.

/
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3 .0  T EST D E SC R IP T IO N /P R O C E D U R E S
\

T h e Static B rake T est w as perform ed  by th e A A R  w ith  assistan ce from  Blaine; C onsulting  

Services. T he brake test w as perform ed  to  ensure com p lian ce w ith  existing A A R  and E R A  

ru les and regu lations.

A  S ingle Car T est w as perform ed  on  th e E M  F u el Car, fo llow in g  sp ecification s from  

th e W estinghouse A ir B rake C om pany in stru ction p am p h let en titled , Single Car Testing Device 

Code o f Tests for Freight Equipment, No. 5039-4 Sup. 1, Standard S-486, A p ril 1987.

A  N et Sh oe F orce T est w as perform ed  as part o f th e S tatic B rake T est. Instrum ented  

brake sh oe load  cells w ere in sta lled  at each  w h eel/b ra k e  in terface. B rake sh oe forces w ere  

th en  read  from  a  d igital read out for a  series o f d ifferen t brake p ip e  red uctions.

A  H and B rake N et S h oe F orce T est w as a lso  perform ed  w ith  th e instrum ented  brake 

sh oes in  b oth  trucks. T h e hand brake w as app lied  in  1,000 p ou nd  (h orizon ta l chain  force) 

increm ents and the brake sh oe forces w ere recorded.

4 .0  IN ST R U M E N TA T IO N /M A T E R IA L S

T h e fo llow in g is a  list o f in strum en tation  and m aterials that w as u sed  in  th e S tatic B rake T est:

•  S ingle Car T est D ev ice  and A ttachm ents

•  A ir G age and A ttachm en ts (200  p si)

•  Instrum ented brake sh oes (sta tic), C ond itioner and read out

•  Instrum ented clev is p in , C on d ition er/In d icator

•  T orque W rench (115 ft-lb s), too ls/h am m ers

•  C lean  dry A ir Supply (110  p si)
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5.0  STATIC BR AK E T E ST  R ESU L TS

T w o static  brake tests w ere  perform ed on  the E M  F u el Car. T h e first te st w as d on e in  1990  

w ith  th e assistance^of B la in e  C onsulting Services. T he secon d  w as d on e by th e  A A R  in  1991. 

T he resu lts o f b o th  tests  w ere sim ilar. T he 1991 data is p resen ted  h ere. T h e Static B rake  

T est con sisted  o f a  sin g le  car test and n et sh oe force tests.

Instru m ented  brake sh oes w ere in sta lled  at each  b r a k e /w h ee l in terface in  p lace  o f th e  

brake pad s. D a ta  w as ob ta in ed  w ith  th e brake rigging tap ped  and un tapp ed  (3-pound ham 

m ers). T h e tap ped  rigging sim ulates th e rigging resp on se due to  track inputs; h en ce, th e  

tap ped  va lu es w ere u sed  for th e fo llow ing analysis.

F igure 5 .1  show s th e  sum  o f th e sh oe forces from  b oth  trucks for each  test. A  lin ear  

regression  w as perform ed  for th e N et Sh oe F orce o f th e car and its eq u ation  is g iven  as fo llow s:

Net Shoe Force = (426 * Brake Cylinder Pressure) - 990

F igure 5.1 F u el C ar S ta tic  B rake T est R esu lts
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B raking perform ance is b ased  o n  n et sh oe force and car w eigh t. T h e n et braking  

ratio  percen tage, w hich is th e n et sh o e  force d ivided  by th e Car w eigh t and tim es one- 

hundred, is th e param eter regu lated  by th e A A R . T h e load ed  n et braking ratio  m ust b e  

w ith in  6.5 p ercen t m inim um  and 10 p ercen t m axim um  at a  brake cylinder pressure o f 50  

pounds p er square inch  (p si) (eq u a liza tio n  pressure) according to  A A R  Standard S-486. 

T h e fo llow in g  eq u ation  show s th e n e t braking ratio calcu lation .

Net Braking Ratio % = (Net Shoe Force/W eight o f Car) * 100

B y A A R  sp ecification , th e w eigh t o f th e car should  b e  D esign ed  G ross R a il L oad. 

T h e d esign ed  gross rail load  o f 100 to n  trucks is  263 ,000  pounds.

T h e n et brake ratio  p ercen tage at 50  p si for th e designed  gross rail load  w as 7 .7  w hich  

is w ith in  th e sp ecification . T h ere a lso  ex ists a  sp ecifica tion  for u n load ed  cars. T he m axi

m um  brake ratio  percen tage for an  u n load ed  car is 30. W hen th e F u el Car is u n load ed , it 

w eigh s approxim ately 77,000  pounds and th e braking ratio  p ercen tage is 26, w hich also  fa lls 

w ith in  sp ecification . T h erefore, th e car fa lls w ith in  A A R  standards.

B rake cylinder pressure is d ep en d en t on  th e train  lin e  pressure and th e am ount o f  

p ressure b led  o ff (red u ction ). S in ce th e  op eration al train  lin e  p ressure cou ld  b e  b etw een  

70  and 110 psi, T ab le 5.1 w as d ev e lo p ed  to  show  brake ratios for various brake cylinder 

pressures w ith  rea listic  (218 ,000  lb s.) load in g o f th e car. T he car w eigh t, filled  w ith  d iese l 

fu e l, is approxim ately 218,000 pounds bu t cou ld  b e  263,000 pounds at m axim um  allow ed  

gross ra il load .
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Table 5.1 Loaded (218,000 lbs.) Fuel C ar Net Braking Ratio Summary

EXPLANATION BRAKE CYLIN D ER  

PRESSU RE (psi)

N ET BR AKIN G 

RATIO (%)

Full Service Reduction at 70 psi Train Line 50 9.3

Full Service Reduction at 90 psi Train Line 64 12.0

Full Service Reduction at 110 psi Train Line 78 14.7

Emergency at 70 psi Train Line 60 11.2

Emergency at 90 psi Train Line 77 14.5

Emergency at 110 psi Train Line 93 17.7

The hand brake net shoe force tests were also performed. Hand brake chain forces 

from 1,000 pounds to 6,000 pounds were tested in 1,000 pound increments. Practically, a

6,800 pound force should be obtained in the horizontal chain after the first sheave with a 

125-pound application at the hand brake wheel on a high power (HP) hand brake. The 

instrumented pin used to measure chain force was only rated for 6,000 pounds so the test 

was halted at that point. N et shoe force versus chain force was plotted and a linear 

regression was performed. Figure 5.2 shows the plotted points and the linear regression 

best fit line and associated equation. The net braking ratio percentage equation is as 

follows.

N et Braking Ratio %  due to H and Brake =

(((5 .2  * H orizontal Chain Force) - 792) /  Weight o f C ar) * 1 0 0

5



Figure 5.2 Fuel C ar Hand Brake Results

A  horizontal chain force o f 6,800 pounds would have yielded a net shoe force (due to 

the hand brake) of 34,568 pounds and a net braking ratio percentage o f 15.8 when the car’s 

weight is 218,000 pounds. This value is well above the A A R  minimum of 11 percent for a 

loaded car. The net braking ratio percentage of the designed gross rail load (263,000 lbs.) 

is 13.1, which is also above the A A R  minimum.

*
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P E A C E K E E P E R  R A IL  G A R R ISO N  
P R O C E D U R E  PKRG-7000-FC 
T R A C K  W ORTH IN ESS T E ST



PEACEKEEPER RAIL GARRISON 
PRO CEDURE PKRG-7000-FC 
TR A CK  W ORTH INESS TESTS

1.0 D ESCR IPTIO N

This procedure outlines the sequence of steps to conduct Track Worthiness Tests at TTC. 
The Track Worthiness Tests consist of seven sub-tests: Hunting Test, Constant Curving 
Test, Spiral Test, R ock and R oll Test, Pitch and Bounce Test, Dynamic Curving Test and 
Y aw  and Sway Test; additionally tests have been added for the R ail Garrison program: 
Turnout and Crossover and Special Perturbations.

1.1 INDEX

1.0 Description

1.1 Index

1.2 Equipment

1.3 Figure List

1.4 Table List

1.5 Attachment List

1.6 Reference List

1.7 Test Documentation List

2.0 Pre-Test Setup For all Tests (Except Y aw  and Sway)

2.1 36-Inch Instrumented W heel Set Installation

2.2 Coupling o f the Test Car and the Instrumentation Car

2.3 Instrumentation Checkout

3.0 Lateral Stability on Tangent Track (Unloaded, Half-loaded)

3.1 Test Setup

3.2 On-track Testing \

4.0 Constant Curving Test (Loaded, Unloaded, Half-loaded)

4.1 Test Setup
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5.0 Spiral Negotiation and W heel Unloading Conditions

5.1 Test Requirements

6.0 Twist and R oll Test (Loaded, Unloaded, Half-loaded)

6.1 Test Setup

6.2 On-track Testing

7.0 Pitch and Bounce Test (Loaded, Half-loaded)

7.1 Test Setup

7.2 On-track Testing

8.0 Dynamic Curving Test (Loaded, Half-loaded)

8.1 Test Setup

8.2 On-track Testing

8.3 Test Tear-down

9.0 Turnout and Crossover Test (Loaded, Unloaded, Half-loaded)

9.1 Test Setup

9.2 On-track Testing

10.0 Special Perturbations

10.1 Test Setup

10.2 On-track Testing

11.0 Y aw  and Sway Test (Loaded, Half-loaded)

11.1 Test Setup

11.2 On-track Testing

12.0 Configuration Test Requirements

13.0 Test Tear-down

14.0 Quality Verification

4.2 On-track Testing
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1.2 EQUIPMENT LIST

a. 2ea. IITRI Instrumented Wheel Sets

b. 2ea. Single Roll Gyrometer

c. 2ea. Lateral Accelerometer

d. 6ea. Strip Chart Recorder

e. lea. Digitizer

f. 4ea. 100-Ton Jacks

g- lea. Hewett-Packard (HP) 360 Data Acquisition System

h. Signal Conditioner

i. A ll Safety Equipment As Required By T T C

1.3 FIG U RE LIST

Figure 2-1 Instrumented Wheel Set Configuration

Figure 2-2 Test Core Consist

Figure 11-1 Instrumented Wheel Set Configuration

1.4 TABLE LIST

Table 3-1 Constant Curving Conditions

1.5 ATTACH M EN T LIST

Attachment 1 Chapter XI Track Worthiness Test Facilities

1.6 REFEREN CE LIST

P R K G  2100.... Truck Inspection Procedure

P K R G  3100.... Instrument Installation Procedure

M 1001.......  Manual of Standards and Recommended Practices
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P K R G  3800.... Track Worthiness Test Instrumentation Setup

P K R G  7001.... Test Sequence Chart

P K R G  7002.... Daily Pre-Test Sign-Off Sheet

Peacekeeper R ail Garrison Test Implementation Plan, (for 
appropriate test car), Chapter X I Testing

E N SCO  Operating Manual

T T C  Safety Rule Book

1.7 REFERENCE DOCUM ENTATION

. None

PKRG 3500.... Section C, Part II, Volume I, Chapter X I
IITRI 36-Inch Instrumented Wheel Set Installation, Calibration

. and Operation -
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NOTE

A ll personnel involved in the performance of this procedure or 
observing the test(s) will comply with the T T C  Safety R ule Book.

2.0 PRE-TEST FO R  A L L  TESTS (EXCEPT YAW  AND SWAY)

2.1 36-Inch Instrumented Wheel Set Installation

T A SK  QA
N U M BER  PROCEDURE INITIAL

2.1.1 Disconnect the hand brake chain and air brake line. L D D _

U N LD

H L D _

2.1.2 Ensure brake shoes and keys are removed from each wheel loca
tion.

2.1.3 Rem ove all slaek adjusters.

2.1.4 Secure emergency brake chain.

2.1.5 Rem ove and secure all loose brake system components. M ark 
removed components defining location from which removed and 
store for later re-installation.

2.1.6 Chock all A-end wheels.

2.1.7 Using two 100-ton jacks at the jacking pads, jack the B-erid up 
approximately 12  inches.
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2.1.8 R oll out Truck 1.

2.1.9 Lift Truck 1 and remove the leading Axle 1 wheel set.

2.1.10 Replace the leading wheel set with the IIT R IW S2 1 instrumented 
wheel set as illustrated in Figure 2-1 and in accordance with, 
PKRG-3500 IITR I 36-inch Instrumented W heel Set Installation, 
Calibration and Operation, and PKRG-3800 Track Worthiness Test 
Setup. . ; ,

IITRI 36" IITRI 36
VS22 • VS21

Figure 2-1 Instrumented W heel Set Configuration

2.1.11 R oll the truck back under the car.

2.1.12 Lower the car.

2.1.13 Check Steps 2.1.1 through 2 .1.5.
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2.1.14 Chock all B-end wheels.

-  2.1.15 Using two 100-ton jacks at the jacking pads, jack the A-end up 
approximate 12  inches.

♦
2.1.16 R oll out Truck 2.

2.1.17 Lift Truck 2 and remove Axle 3 (with respect to B-end) wheel set.

2.1.18 Replace Axle 3 wheel set with the EN SCO  WS22 instrumented 
wheel set as illustrated in Figure 2- l  and in accordance with, P K R G - 
350011TRI 36-Inch Instrumented W heel Set Installation, Calibration 
and Operation, and PKRG-3800 Track Worthiness Test Setup.

■/

2.1.19 R oll the truck back under the car.

2.1.20 Lower the jacks.

2.1.21 Quality verify the completion o f the wheel set change out. L D D_

U N L D

’;v;' “ H L D _

*■
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2.2 Coupling of the Test Car and the Instrumentation Car

TA SK QA
NUM BER PRO CED U RE INITIAL

2.2.1 Couple the B-end of the test car behind the instrumentation car.
Figure 2-2 shows the core test consist. Buffer cars may be added or 
removed as required for each test.

J U || I M  _
T1 T-7

© 8® 1______ 1 © 8© 1 ^©•CsTO*®'— “0 ^

Note: Additional buffer cars may be added as required 

Figure 2-2 Core Test Consist

CAUTION

Restrict coupling speed to 3.5 mph

2.3 Instrumentation Checkout

T A SK  QA
NUM BER______________  PRO CED U RE_________  '_______INITIAL

2.3.1 Calibrate instrumentation in accordance with, P K R G -350 0 IIT R I36- L D P  
Inch Instrumented W heel Set Installation, Calibration and 
Operation, and PKRG-3800 Track Worthiness Test Setup. U N LD ___

H LD

2.3.2 Quality verify coupling o f the Fuel Car and the Instrumentation L D D  
Car is complete.

U N LD

H LD
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NOTE V

Test sequence is arbitrary. The test sequence 
may bedictated by track availability at TTC . Anticipated 

test sequence is shown in PKRG-7001 Test Sequence Procedure.

3.0 LATERAL STABILITY O N  TANGENT TRACK (UNLOADED, HALF-LOADED)

3.1 Test Setup

TA SK QA
N U M BER PROCEDURE INITIAL

3.1.1 Ensure that no buffer car is coupled to the core test consist shown in 
Figure 2-2.

3.1.2 Ensure that instrumentation meets the requirements outlined in U N LD  
PKRG -3500IITR I 36-Inch Instrumented W heel Set Installation,
Calibration and Operation, and PKRG-3800 Track Worthiness Test H L D _  
Setup.

3.2 On-Track Test

T A SK QA
N UM BER PROCEDURE INITIAL

3.2.1 Ensure that the instrumentation is checked-out in accordance with 
Section 3.1.1 and 3.1.2.

NOTE

Test to be conducted on 5000 feet of dry tangent track on the 
R T T  with Class 5 or better track (R39-R33).
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■\ CAUTION .

Stop testing before lateral acceleration exceeds
1.0 g peak-to-peak or any maximum axle sum L /V  exceeds 1.3.

3.2.1.1 Ensure applicable perturbations have been verified.

3.2.1.2 Ensure pre-test sign-off sheet PKRG-7002 has been completed.

3.2.2 During the initial 30 mph track conditioning run, keep the speed 
. constant through the test zone.

3.2.3 Start taking lateral acceleration data 200 - 300 feet before reaching 
the test zone. The computer should be triggered by Autom atic 
Location Device (ALD ).

3.2.4 Stop data acquisition 200 - 300 feet beyond the test zone.

3.2.4.1 Review test, ensure data is acceptable and indicates that the test can 
be continued.

3.2.5 Repeat test once.

3.2.5.1 Compare maximum limiting values. Ensure readings are within 15%  
for instrumented wheel sets, 5 %  on roll gyros,; and accelerometers.

3.2.6 Increase speed in increments of -  10 mph, -  1 mph with each pair

of test runs, until approachong a critiacl point (80 %  of stop critiera,
0.8 g peak-to-peak, and 1.0 L /V ); then, increase speed in increments 
of 2 mph until maximum test speed of 70 mph is reacded.

PKRG-7000-FC 10



3.2.7 In the Test Engineers Log, note the speed at which the car sustains U N LD  
truck hunting if  hunting occurs (Per Chapter XI criteria 1.0 g peak- 
to-peak for 20 seconds). H L D _

3.2.8 Quality verify that the test is completed. U N LD

H LD

3.3 Post Test

T A SK  QA
N UM BER_____________  PROCEDURE _______________ INITIAL

3.3.1 Perform Post Test C al per PKRG-3500 and 3800. U N LD

H LD ____

3.3.2 Perform Post Test Visual Inspection. U N LD

H LD

4.0 CONSTANT CU RVIN G TEST (LOADED, UNLOADED, HALF-LOADED)

4.1 Test Setup

TA SK QA
N UM BER PROCEDURE INITIAL

4.1.1 Instrumentation for this test should be as per Section 2.0.
•' • t
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4.1.2 Ensure that instrumentation meets the requirements outlined in L D D _  
PKRG-3500IITRI 36-Inch Instrumented W heel Set Installation,
Calibration and Operation, and PKRG-3800 Track Worthiness Test U N LD  
Setup.

H LD

4.1.3 Place fully loaded 125-ton buffer car #UP31934 at the end of the 
core consist.

CAUTION

Restrict coupling speed to 3.5 mph. * V-

4.2 On-track Testing

T A SK QA
N UM BER PRO CED U RE INITIAL

4.2.1 This test utilizes all o f the different degrees of curvature and super
elevation (7.5-, 10-, 12-degree with 3 ,4  and 5 inches o f supereleva
tion respectively) available on the W R M  track.

4.2.1.1 Ensure applicable perturbations have been verified.

4.2.1.2 Ensure pre-test sign-off sheet PKRG-7002 has been completed.

4.2.2 Determine the test run speed by equation:

V -  V  1 4 8 0 ^

Where: U  = unbalance in inches
H  = superelevation in inches 
D  = degree o f curvature.

4.2.3 For U  = -3, 0, and +3 inches of unbalance.
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Track speed may be lower than the calculated 
speed for the + 3-inch run. If this condition exists use the track 

speed limit of 45 mph.

The speed calcuated for the -3-inch run may be zero or 
less. If this condition exists, use a negative 

difference from the balance equal to the 
positive difference for the + 3-inch.

Mi., r : ; NOTE ' i,. •

CAUTION

Stop testing before any L/V  exceeds .8 
or any axle sum L/V exceeds 1.3.

4.2.4 Operate the test consist at a constant speed for each condition shown 

in Table 3-1 z  lm p h ).

Table 3-1 Constant Curving Conditions

DEG REE
SUPER

ELEVATION
BALANCE

SPEED +3 INCH -3 INCH

7.5 3 24.0 32.0 14.0

10 4 ; 24.0 32.0 12.0

12 5 25.0 32.0 16.0

4.2.5 With each test run, record data 200 - 300 feet before the curve and
through the length of the body of the curve. The computer should be 
triggered by the A L D .

4.2.5.1 R epeat 4.2.4 for opposite direction.

4.2.6 Q A  verify that the test matrix is complete. L D D

H LD

, PKRG-7Q00-FC



5.0 SPIRAL NEGOTIATION AND W H EEL UNLOADING CON D ITIO N S

' *
5.1 Test Requirements

T A SK  Q A l
N U M BER ______________ PRO CED U RE_______________  INITIAL

5.1.1 This test will run concurrently with the Constant Curving Test speed 
conditions.

5.1.2 Record data while running through the spirals on the W R M  during 
the curving test.

CAUTION

Stop testing before the vertical wheel force 
is less than 10% static wheel load or any wheel 

L/V  exceeds 0.8.

5.1.3 Q A  verify that the test is complete. . L D D __ _

H LD ____

6.0 TW IST AND R O LL TEST (LOADED, UNLOADED, HALF-LOADED)

6.1 Test Setup

T A SK 1 * ‘ Q A
N UM BER PRO CED U RE INITIAL

6.1.1 Couple a buffer car (UP31934) to the end of the core test consist.
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6.1.2 Ensure that instrumentation meets the requirements outlined in
PK R G -3500IITR I 36-Inch Instrumented W heel Set Installation, 
Calibration and Operation, and PKRG-3800 Track Worthiness 
Test Setup.

6.2 On-track Testing

TA SK
NUM BER PROCEDURE

6.2 .1 . Ensure applicable perturbations have been verified.

6.2.1.2 Ensure pre-test sign-off sheet PKRG-7002 has been completed.

6.2.2 This test will be performed on the Precision Test Track (PTT) as 
shown in Attachment 1.

6.2.3 Approach the test zone at a constant speed of 10 mph, -  1 mph.

6.2.4 Record the wheel forces, mean roll angle and differences in roll 
between the ends for each truck for approximately 200 feet before 
the test zone and continuously through the test zone.

CAUTION

Stop testing before the car body peak-to-peak roll 
exceeds 6 degrees, any single wheel L/V  exceeds 0.8, any 

axle sum L/V  exceeds 1.3 or any vertical wheel load measure 
less than 10 % of its static wheel load.

L D D _

U N LD

H LD

Q A
INITIAL
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6.2.5
mph then increasing at increments o f 2 mph until resonance is 
passed; then, increase speeds in increments of 5 mph.

Run tests at constant speeds, increasing in increments of 5 mph, z  1

6.2.6 M ake two runs at each speed. In the Test Engineers Log, note the L D D
speed at which resonance is reached.

U N L D  

H L D _

L D D _

U N L D  

H L D _

6.2.8 Quality verify that the Twist and R oll Test is completed. L D D

U N L D

H L D

6.2.7 Stop testing if an unsafe condition is encountered or when the 
maximum speed of 70 mph is reached.

6.3 Test Tear-Down

T A S K Q A
N U M BER PRO CED U RE INITIAL

6.3.1 Rem ove the,loaded buffer car from the test consist (if applicable).

6.3.2 Quality verify that the Test Tear-down is completed. L D D _

U N LD
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7.0 PITCH  AND BO U N CE TEST (LOADED, HALF-LOADED)

7.1 Test Setup

TA SK Q A
N UM BER PROCEDURE INITIAL

7.1.1 This test is to be performed on the P T T  located between stations 
... 1716+00 and 1719+90 as shown in Attachment 1.

7.1.2 Place a  light car (TTX479303 empty flat) that has at least 45 ft. truck, 
center spacing at the end of the consist directly behind the test Car.

7.1.3 Ensure that instrumentation meets the requirements outlined in L D D  
PK R G -3500IITR I 36-Inch Instrumented W heel Set Installation, 
Calibration and Operation, and PKRG-3800 Track Worthiness Test H LD  
Setup.

7.2 On-track Testing

TA SK Q A
N U M BER PROCEDURE INITIAL

7.2.1 Approach the test section at a constant speed of 30 mph, z  1 mph.

Start recording test data approximately 100 feet before the test 
section and continuously through the test section.

7.2.2 Using the computer, record the vertical wheel forces.

CAUTION
}

Stop testing when any wheel shows a vertical load of 
1 0  %  or less o f its static load.
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7.2.3 Run the test twice at each speed.

7.2.4 Increase speed in increments of 10 mph until unsafe conditions are 
encountered, the resonance is passed, or a maximum of 60 mph is 
reached. Increments may be reduced to 2 mph when nearing reso
nance. Resonance to be determined prior to testing.

7.2.5 Quality verify that the Pitch and Bounce Test is completed. L D D

H L D

L D D

H L D

8.0 DYN AM IC CURVING TEST (LOADED, HALF-LOADED)

8.1 Test Setup

T A SK • Q A
NUM BER PRO CED U RE INITIAL

8.1.1 This test is to be conducted on the 10-degree curve (station 1 + 00 to 
3+50) o f the wheel/rail mechanism (W RM ) track, as showii in 
Attachment 1.

8.1.2 Place a loaded buffer car (UP 31934) at the end of the core consist 
coupled directly to the test car.

8.1.3 Ensure that instrumentation meets the requirements outlined in 
PKRG -3500IITRI 36-Inch Instrumented W heel Set Installation, 
Calibration and Operation, and PKRG-3800 Track Worthiness Test 
Setup.
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8.2 On-track Testing

TA SK Q A
N U M BER PROCEDURE INITIAL

CAUTION

It shall be regarded as unsafe and the test will be stopped i f  a wheel 
lifts, i f  any wheel L/V  exceeds 0.8, i f  the instantaneous sum o f the absolute 
L /V  values o f the individual wheels on any axle exceeds 1.3, or the car body 
roll exceeds 6 degrees peak-to-peak or minimum wheel load o f 10% static.

8.2.1 Approach the test zone at a constant speed of 5 mph.

8.2.2 Start acquiring test data approximately 200 feet before the test zone. 
Record the lateral and vertical wheel forces and the roll angle.

8.2.3 Increase speed in increments of 2 mph until a maximum speed of L D D  
32 mph is reached or an unsafe condition is encountered.

H L D

8.2.4 Quality verify that the Dynamic Curving Test is completed. L D D

H L D

8.3 Test Tear-down

TA SK
N U M BER PROCEDURE

8.3.1 Rem ove the loaded buffer car from the test consist if applicable.

8.3.2 Quality verify that the Test Tear-down is completed. L D D

H L D

Q A
INITIAL
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9.0 TURNOUT AND CROSSOVER TEST (LOADED, UNLOADED, HALF-LOADED)

9.1 Test Setup

T A SK  Q A
NUM BER___________________ PRO CED U RE _______________  IN ITIAL

9.1.1 Use whatever configuration the consist is in while traversing from 
one test section to the other.

9.1.2 This test will be performed on the turnouts and crossover o f the R T T  
and T IT ' near Post 85 (Attachment 1).

9.2 The Fuel Car shall be run at 10 mph 15 mph through a #8  turnout 
and also shall be run at 15,25, 35 through 602A and B crossover.

9.3 Quality verify Turnout and Crossover Test completed. L D D _

U N L D

H L D _

10.0 SPECIAL PERTURBATIONS

10.1 Test Setup

T A SK  Q A
NUM BER PRO CED U RE INITIAL

10.1.1 If necessary, the consist may be run through special perturbations to 
be identified at a later time.
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10.1.2 Test setup w ill be defined at that time.

1 0 . 2  On-track Test

TA SK
N U M BER PROCEDURE

Q A
INITIAL

10.2.1 Test procedure and stop criteria will be identified at a later time.

11.0 YA W  AND SW AY TEST (LOADED, HALF-LOADED)

11.1  Test Setup

11.1.1  Disconnect cables between T-7 and the Fuel Car. Uncouple the 
Fuel Car from T-7.

11.1.2 Using four 100-ton jacks at the jacking pads, jack the test car up 
approximately 12  inches.

11.1.3 R oll both trucks away from the car.

T A SK
N U M BER PROCEDURE

QA
INITIAL
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11.1.4 Rem ove the trailing axle of Truck 1 (Axle 2) and the leading axle of 
Truck 2.

• WS22 WS21 

IITRI 36"
Figure 11-1 Instrumented W heel Set Configuration

11.1.5 Place the instrumented wheel set from Truck 2 in the trailing axle L D D  
position o f Truck 1, as shown in Figure 11-1.

H LD

11.1.6 Place the old trailing axle from Truck 1 under Truck 2 (Axle 3).

11.1.7 R oll the trucks back under the car.

11.1.8 Lower the jacks.

11.1.9 Quality verify that the wheel sets have been changed over. L D D

H L D

PKRG-7000-FC



11.1.10 Ensure, that instrumentation meets the requirements outlined in 
PKR G -3500IITR I 36-Inch Instrumented W heel Set Installation, 
Calibration and Operation, and PKRG-3800 Track Worthiness Test 
Setup.

11.1 .11  Place the test car at the end of the consist behind the T-7 Instrument 
Car. Reconnect instrumentation cables per procedure PKRG-3500 
and 3800.

11.2 On-track Testing

TA SK
N U M BER PROCEDURE

11.2.1 This test is to be conducted on Section 21 + 00 to 26 + 00 of the P IT , 
as shown in Figure 3-1 (Attachment 1).

11.2.2 The initial test run is to be conducted at a constant speed of 20 mph 

and increasing in increments of 5 mph, z  1 mph until resonance is 

passed and top speed is accomplished.

11.2.3 Begin test data acquisition approximately 200 feet before reaching 
the test section.

CAUTION

It shall be regarded as unsafe and the test will be 
stopped i f  the ratio o f the total lateral forces on any 

one side measured exceeds 0.6 for a duration equivalent to 
6 ft. or any axle sum L/V exceeds 1.3.

L D D

H LD

QA
INITIAL
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11.2.4 Repeat the test at speed increments of 2 mph, z  1 mph. The test L D D

will continue until an unsafe condition is encountered, the reso
nance is passed or the maximum speed of 60 mph is reached. H LD
Speed may be increased in increments o f 5 mph when resonance 
has passed.

11.2.5 Quality verify that the Y aw  and Sway Test is completed. L D D

H LD

12.0 CONFIGURATION TEST REQUIREM ENTS

T A SK  QA
N U M BER ________ PRO CEDURE_____________________  INITIAL

12.0.1 Repeat applicable tests in half-loaded and loaded conditions.

13.0 TEST TEAR-DOWN

T A SK  Q A
N UM BER___________________ PRO CEDURE______________________ INITIAL

13.0.1 The procedure for tear down of the IITRI 36-Inch Instrumented L D D ____
W heel Sets is located in PKRG-3500, Section 5.0 through 5.1. R efer
to this procedure and the applicable section to complete test tear- U N LD __ _
down.

H LD
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14.0 QUALITY VERIFICATION

TA SK ' - ! ' ! ’ “'i ' ■ ' ■ ' ’ ' ‘ 1 ' ‘ ’ Q A
NUM BER PROCEDURE INITIAL

14.0. 1 Quality Verify that Procedure PKRG-7000-FC is complete and closed.

14.0. 2 Authorized Q A  signature ■ , _____________________ _

\

\
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ATTACH M ENT 1

CH APTER X I TR AC K  W O R T H IN E SS T EST  FA C ILITIES
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PEA C EK EEPER  RAIL G A R R ISO N  
PR O C ED U R E PK R G -5100-FC  

M O DAL R E SPO N SE  TEST



PEA C EK EEPER  RAIL G A R R ISO N  
PR O C E D U R E  PK RG -5100-FC  

M O DAL R E SPO N SE  TEST

1.0 D E SC R IP T IO N

T h e purpose o f  this procedure is to outline the seq uence o f  steps 
for the R a il G arrison M odal R esp on se  T est to  be perform ed on  the  
R a il G arrison  F u el Car. T he M odal R esp on se  T est consists o f  six 
sub-tests, they  are: R igid  B ody V ertical T est, T w ist/R o ll 
(R ig id  B od y) T est, F lex ib le  B ody V ertical T est, F lex ib le  B ody (Tw ist) 
T est, R ig id  B ody  L ateral T est and F lexib le  B ody L ateralT est. T he  
tests w ill b e  conducted  in  three configurations, m il, em pty and ha lf
full.

1.1 IN D E X

1,0. D escrip tion

1.1 Index

1.2 E quipm ent List

1.3 F igure L ist

1.4 A ttachm en t L ist

1.5 R eferen ce  D ocum entation

1.6 M odal T est Procedure

2 .0  M odal T est Procedure

2.1 T est Setup

2 .2  L oad  C ell Calibration

2.3 L V D T  C alibration

2.4 Instrum ented R ail C alibration

2.5 A ccelerom eter  Calibration

2.6 String P o t Calibration

3 .0  M odal T est

3 .1  R ig id  B ody V ertical M odal T est Procedure.

3 .2  T w ist/R o ll M odal T est Procedure (R igid  B ody)

3.3 F lex ib le  B ody V ertical M odal T est

3 .4  F lex ib le  B ody (Twist) M odal T est Procedure

3.5 R ig id  B ody  Lateral M odal T est Procedure

3.6 F lex ib le  B ody L ateral M odal T est Procedure
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4.0  T est T ear D ow n

5.0  Q uality V erification

1.2 E Q U IP M E N T  LIST

a. 2  ea. 55 KIP A ctuators

b. 2  ea. Load C ell, O-lOOk R ange

c. 8 ea. Instrum ented R ails, O-lOOk V ertica l R ange

0-60k L ateral R an ge

d. 2  ea. D isp lacem en t Transducer (L V D T ) ,+ / - 5 "  R ange

e. 4  ea. String P o t ,+ / - 4 "  R an ge

f. 2  ea. Strong P o t ,+ / - 1 "  R an ge

g- 14 ea. String P o t ,+ / - 5 "  R an ge

h. 27  ea. A ccelerom eter, +  / -5 G  R ange

i. 1 ea. H ew lett Packard (H P ) 9000, M od el 360  C om puter System

j- 1 ea. H ew lett Packard (H P ) 6944a M ulti-Program m er

k. A s n eed ed Safety E quipm ent as required by R ail D ynam ics L ab (R D L )

i. 2  ea. 90-87560-X X X  A ttachm ent Fixture

m . .. 1 ea . H ew lett Packard (H P ) 3325B  F unction  G enerator

n. 1 ea. M TS C ontrol System

0 . 77  ea. Signal C onditioners

P- 77  ea. Filters (0-50H z)

1.3 FIG U R E  LIST

Figure 2-1 M S U /R a il G arrison T est C onfiguration and Instrum entation. 

Figure 2-2  V ertica l T est C onfiguration  

Figure 3-1 L ateral T est C onfiguration
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1.4 A TTA C H M ENT LIST

(1 ) A p p licab le  P S D ’S

(2 ) Instrum entation P lacem ent ( 3  sheets )

(a ) Truck A nd B olster Instrum entation

(b ) Car B ody A ccelerom eter

(c) Car B ody T o G round D isp lacem ents

(3 ) T est C onfiguration D ata  Sheets

1.5 R E FE R E N C E  LIST

P K R G -2200  Car Inspection  Procedure

Instrum entation Installation Procedure  

Instrum entation V erification Procedure

P K R G -3100

P K R G -3200

M 1001 M anual o f  Standards and R ecom m end Practices, S ection  C, 
Part II, V olum e I, Chapter X I

T T C  O peration  R ules for the T ransportation T est C enter, 
Pueblo, C olorado, A A R , N ovem ber 1 ,1 9 8 9

P eacek eep er  R a il G arrison T est Im plem entation  P lan, F u e l Car 
C hapter X I T esting

P K R G -5 110 F C  M odal T est Car A ttachm ent Fixture Installation  Procedure  

P K R G -5115 F C  W eld  M agnaflux T est Procedure  

P K R G  5120 M odal T est Car A ttachm ent Fixture R em oval

A A R /T T C  Fueling Procedure
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N O TE

A ll person nel involved  in  the perform ance o f  this procedure or observing the test(s) w ill
com ply w ith the T T C  Safety R u le  B ook .

2 .0  M O D A L TEST PR O C E D U R E S

2.1 T est Setup

TA SK  N U M B E R _______________________ P R O C E D U R E  Q A IN IT IA L

N O T E

T h e fo llow ing tests are to  b e  conducted  using three  
configurations: fully loaded , em pty and half-loaded.
T esting w ill start w ith the fully load ed  configuration.

2.1.1 M ove test car onto  th e R D L  m ini-shaker as illustrated  in  Figure 2-1.
Com ply w ith  T TC  O perating R ules. F L

H L F

E P T

Figure 2-1  M S U /R a il G arrison  T est C onfiguration  
A nd Instru m entation
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2.1 .2  Install car attachm ent fixtures per PK R G -5110-FC , M odal T est Car.
A ttachm ent Fixture Installation Procedure. F L

H L F

E P T

NO TE

C alibration procedures w ill b e  accom plished at th e start 
o f each  test day for all the follow ing tasks except for  

the instrum ented rail procedure. T he instrum ented  rail 
procedure w ill b e  accom plished every third consecutive

test day.

2 .2  L oad C ell C alibration  Procedure

T A SK  N U M B E R _______________________ PR O C ED U R E__________________ QA INITIAL

2.2.1  This calibration procedure is for all load  cell channels.

2 .2 .2  R efer  to  Procedure PK R G -3100 for com pleting th e A ttachm en t (3 ) T est 
C onfiguration D a ta  Sheet, PK R G -3100 Section  5.1 through 5.8.

2.2.3 R efer  to  A ttachm ent (2) Instrum entation P lacem ent S h eets for instru
m entation  location .

2 .2 .4  V erify  loads are zero by checking appropriate load  cell.

2.2.5 Z ero  the load  cells by adjusting the zero knob on  the north  
and south M TS 443 D C  conditioners, ( + / - 1 0  m V ).

2 .2 .6  Print checkout values and label Pre-test Load C ell Z eros.
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2.2 .7  R C A L  the load  cells by pressing the C A L  bu tton  o n  the D C  conditioners
and com pare the values w ith  th e T est C onfiguration D a ta  Sheet, to ler
ance should b e  + / -  5 percent.

2 .2 .8  Print checkout values and lab el Pre-test L oad C ell R C A L .

2.2.9 Q uality verify load  ce ll calibration com pleted . F L _

H L F

E P T

2.3 LVDT C alibration  (A ccom plish  during L.C. Zero)

TA SK  N U M B E R  _____________________ PR O C E D U R E __________________ QA INITIAL

2.3.1 L V D T , this calibration procedure is for all L V D T  C hannels.

2 .3 .2  R efer  to  Procedure P K R G -3100 for com pleting the A ttachm ent (3 ) T est 
Configuration D a ta  Sheet, P K R G -3100 S ection  5.1 through 5.8.

2.3.3 R efer  to  A ttachm ent (2) Instrum entation P lacem en t Sheets for instru
m entation  location .

2.3.4 Z ero  all L V D T s  using th e knob labeled  Z E R O  on  the A C  conditioner  
located  inside th e M TS443 hydraulic control system  + / - 1 0  m V .

2.3.5 Print calibration values and lab el P re-test L V D T  Z eros.

2.3.6 U nd er static hydraulic control m ove actuators at 1-inch increm ents up to  
4 inches and verify output w ith depth dial indicator. O utput (E U ’s) 
should correspond to  assigned channels per T est C onfiguration D a ta  
Sheet.
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NO TE

If output d oesn ’t match, adjust gage factor knob o n  the  
A C  conditioner and repeat Steps 2.3.4 through 2.3.6.

2.3 .7  Q uality verify L V D T s  calibration com pleted. F L __

H L F

E P T

2.4  Instrum ented  R ail C alibration

TA SK  N U M B E R _______________________ PR O C ED U R E__________________ Q A INITIA L

2.4.1 This calibration procedure is for all instrum ented rail data channels.

i
2.4.2 R em ove  hydraulic actuators.

2.4.3 M ove the test car forward until clear o f instrum ented rail assem bly.

2.4.4 R efer  to  Procedure PK R G -3100 for com pleting th e A ttachm en t (3) T est 
C onfiguration D a ta  Sheet, PK R G -3100 Section  5.1 through 5.8.

2.4.5 R efer  to  A ttachm en t (2) Instrum entation P lacem ent Sh eets for intru- 
m entation  location .

2.4.6 A t patch  pa n el 0738A 8, patch T 27 to T 3 1.

2 .4 .7  Z ero  out the D C  offset o f  the conditioner am plifier, + / - 1 0  m V .

2.4.8 A djust the b a lan ce control (i.e. B A L ) for a bridge null.
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2.4.9 Set the C A L  knob to the +100 position,

2.4 .10  A djust the am plifier gain  for proper calibration engineering  units per T est 
Configuration D ata  S h eet (ensure C A L  knob is p osition ed  to  + 100).

2 .4 .11 P lace C A L  knob to O P R  position .

2 .4 .12  P lace B  and F  calibration controller into M ode O  record data for 60  
seconds. L abel data file  as Pre-test Instrum ented R a il Z ero .

2.4.13 P lace B  and F  C alibration C ontroller into  M ode I, record data for 60  
seconds. L abel data file  as P re-test Instrum ented R a il CALS.

2.4 .14 P lace B  and F  C alibration C ontroller into M ode 5.

2.4.15 M ove test car back onto  instrum ented rail assem bly.

2.4 .16 Install hydraulic actuators in  the vertical test configuration, as illustrated  
in  Figure 2-2.

F igure 2-2  V ertical T est C onfiguration
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2.4.17 Quality verify instrumented rail calibration completed.

H L F

E P T

F L _

2 .5  A ccelerom eter C alibration

TA SK  N U M B E R _____________ PR O C ED U R E__________________ Q A INITIA L

2.5.1 This calibration  procedure is for all p iezo  resistive accelerom eter  chan
nels.

2 .5 .2  R efer  to  procedure P K R G -3100 for com pleting the A ttachm ent (3 ) T est
C onfiguration D a ta  Sheet, P K R G -3100 Section  5.1 through 5.8.

2.5.3 R efer  to  A ttachm en t (2 ) Instrum entation P lacem ent Sheets for instru
m entation  location .

2.5.4 Install accelerom eters in  accordance w ith A A R /T T C  instrum entation  
SO P N O . 024 9 /8 9 .

2.5.5 Push  th e  E X C IT  bu tton  o n  the signal conditioner and adjust excitation
voltage for + 10.0 V D C  + / - 1 0 .0  m V  using the SP A N  control.

2 .5 .6  Z ero  out the D C  offset o f  the conditioner am plifier, +  / - 1 0  m V .

2.5 .7  A djust the ba lan ce control (i.e. B A L ) for a  bridge null.

2.5.8 S et the C A L  knob to  the + 100 position.

2.5.9 A djust the am plifier gain  for proper calibration engineering  units p er  
T est C onfiguration D a ta  Sh eet (ensure C A L  knob is p osition ed  to  +  
1 0 0 ).
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2.5.10 Place C A L  knob to O P R  position.

2.5.11 Push the Z E R O  bu tton  on  th e  am plifier and null the output at th e  zero  
adjust pot.

2 .5 .12  U sin g  a m anual adjustm ent too l, null the B A L  p o t on  th e signal condi
tioner + / - 1 0  m V .

2.5.13 Set the C A L  switch to  + 100%  and adjust the am plifier course and fine  
gain, adjust for the output to  correspond to  the system  E U /V O L T  
section  and the C onfiguration D a ta  Sheet.

2 .5 .14 Q uality verify accelerom eter  calibration com pleted' FL  

H L F

E P T

2.6  String P ot C alibration

TA SK  N U M B E R  ________________PR O C E D U R E  _________  QA INITIAL

2.6.1 This calibration procedure is  for all string p o t channels.

2 .6 .2  R efer  to Procedure P K R G -3 100 for com pleting the A ttach m en t (3 ) T est 
C onfiguration D a ta  Sheet, P K R G -3100 S ection  5.1 through 5.8.

2.6.3 R efer  to  A ttachm ent (2 ) Instrum entation P lacem ent S h eets for instru
m entation  location .

2.6.4 A ttach  string pots in  accordance w ith A A R /T T C  Instrum entation  SO P  
N O . 024 9 /8 9 .
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2.6.5 Push the E X C IT  bu tton  on  the signal conditioner and adjust excitation  
vo ltage  for + 10.0 V D C  + / - 1 0 .0  m V  using th e S P A N  control.

2.6.6 Z ero  out th e  D C  offset o f  the conditioner am plifier, + / - 1 0  m V .

2.6.7 A djust th e  b a lan ce control (i.e. B A L ) for a bridge null.

2.6.8 S et the C A L  knob to  the + 100 position.

2.6.9 A djust the am plifier gain for proper calibration engineering units per  
A ttachm en t (3 ) T est C onfiguration D a ta  S h eet (ensure C A L  knob is 
p osition ed  to  +  100).

2 .6 .10 P lace  C A L  knob to  O P R  position.

2.6.11 P lace  B  and F  calibration controller into M ode O  record data for 60  
seconds. L ab el data file  as Pre-test Instrum ented R ail Z ero .

2.6.12 P lace  B  and F  C alibration Controller into M ode I, record data for 60 
seconds. L ab el data file  as Pre-test Instrum ented R ail CALS.

2.6.13 P lace  B  and F  C alibration C ontroller into M ode 5.

2.6.14 Z ero  th e am plifier, + / - 1 0  m V.

2.6.15 R ep o sitio n  C A L  knob to O P R  position

2.6.16 Q uality verify string p o t calibration com pleted . F L _

H L F

E P T
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3.0  M O D A L  TEST

3.1 R igid  Body V ertical M odal T est P rocedure

T A SK  N U M B E R  _________  PR O C E D U R E  ________________ Q A  INITIA L

3.1.1 Setup com puter and control system  for R igid  B ody V ertica l M odal 
Test.

A . A t th e 443 C ontrol System  P anel, set M O D E  switches to  th e positive  
p osition  to  p lace actuators in  phase.

B . A t th e D a ta  A cquisition  System  (D A S ) (H P  360 D ata  A cq u isition  and  
C ontrol) set the follow ing param eters:

1. L oad (K IP) 5 KIP
2. D isp lacem en t (stroke) .2"
3. Freq. R ange (H z) .2-5H z

a. D w ell Points (cy c les /s tep ) 10
b. Frequency Steps (H z) .1
c. C onstant G  N /A

4. Sw eep D uration  (sec) 350

3.1 .2  Start data acquisition and control program.

3.1.3 T est w ill stop w hen  param eters are satisfied. Save file.

3 .1 .4  C alculate a  Pow er Spectral D en sity  (P S D ) (see  A ttachm ent 1) for test 
data. E xam ine for pitch and bou n ce resonant freq u en c ie s ..

3.1.4.1 Q uality verify 5 KIP test param eters are satisfied. F L

H L F

E P T

3.1.5 R ep ea t Steps 3.1.1 through 3 .1 .4  w ith force control settings o f  10 KIP  
and 15 KIP if  it is determ ined safe after previous test.
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3.1.5.1 Quality verify that test parameters are satisfied for:
10 KIP  
15 KIP

3.2 T w ist/R o ll M od a l T est Procedure (R igid  Body)

TA SK  N U M B E R _______________________ PR O C E D U R E __________________ Q A IN ITIA L

3.2.1 Setup th e  H P  360 data acquisition and control com puter for T w ist/R o ll
T est.

A . A t the C ontrol System  Panel, set the top M O D E  switch to 
th e  p ositive  p osition  and the low er M O D E  switch to  the  
negative  p osition  to achieve 180 degree out o f  phase.

B . A t th e  D a ta  A cquisition  System  (D A S ) set th e follow ing  
param eters:

1. L oad  (K IP) 5
2. D isp lacem en t (stroke) N /A
3. F requency R ange .2-5H z

a. D w e ll Points (cyc les/step ) 10
b. F requency Steps (H z) .1
c. C onstant G  N /A

4. Sw eep  D u ration  (sec) 350

3.2.2 Start data acquisition  and control program  to  b eg in  test.

3.2.3 Save file  w h en  test stops.

3.2.4 C alcu late a  P S D ’s (see  A ttachm ent 1) for test data. E xam ine for  
tw ist/ro ll resonant frequencies.
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3.2.5 Quality verify 5 KIP twist/roll test parameters are satisfied;
F U L L F L
5 KIP
10 K IP H L F
15 KIP

E M P T Y E P T
5 KIP
6 KIP
7 KIP

3.2.7 R ep ea t Steps 3.2.1 through 3.2.6 for force control settings o f  6 and 7  
KIPS if  it is determ ined safe after previous test.

3.2.7.1 Q uality verify that test data for tw ist/ro ll test param eters are satisfied  
at:

10 KIP  
15 KIP

F L _

H L F

E P T

3.3 F lexib le  Body V ertical M odal T est

T A SK  N U M B E R ______________________P R O C E D U R E  Q A  IN IT IA L

3.3.1 D iscon n ect all string pots. F L

H L F _

E P T

PKRG-5100-FC 14



-  3 .3 .2 Setup com puter and control system  for F lexib le B ody V ertical M odal 
T est.

A . A t th e  443 C ontrol System  Pariel, set M O D E  sw itches to  th e p ositive  
p osition  to  p lace  actuators in  phase.

B . S et th e fo llow ing param eters on  the H P  360 data acquisition and  
control com puter for d isplacem ent control w ith constant G:

1. L oad  (K IP) N /A
2. D isp lacem en t (stroke) .2"
3. Freq. R an ge  (hz) > 3-30H z

a. D w ell Points (cyc les/step ) N /A
b. F requency Steps (H z) N /A
c. C onstant G  .10

4. Sw eep  D uration  (sec) 300

3.3.3 Start data acquisition and control program  to b eg in  test.

3.3.4 Save file  w h en  test stops.

3.3.5 C alcu late P S D ’s (see  A ttachm ent 1) for test data. E xam ine for vertical 
ben d in g  (first, second  and third if  p ossib le) frequencies.

3.3.6 Q uality verify acceptable constant G  lev e l at .10. F L

H L F___

E P T ___

3.3.7 R ep ea t Steps 3.2.3 through 3.2.6 for constant G  levels o f  .15, .20 and .30  
at 10 -30 H z, .40g at 5 -30 H z  and .5Og at 10 -30 H z, i f  it is determ ined  
sa fe  after previous test.
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3.3.7.1 Quality verify acceptable constant G  level at:

F U L L F L
.15
.20 H L F
.30

.40 at 5-30  H z E P T

E M P T Y F L
.15
.20 H L F
.30

.40 at 5-30  H z E P T

NO TE:

T est R uns m ay b e  at different frequencies if  d eem ed
necessary.

3 .4  F lexib le B ody (Twist) M odal T est Procedure

TA SK  N U M B E R ____________ PR O C E D U R E  __________ QA IN IT IA L

3.4.1 D iscon n ect a ll string pots. F L

H L F

E P T

3.4.2 Setup th e  H P  360 data acquisition and control com puter for F lex ib le
B ody Tw ist M odal Test.

A . A t the C ontrol System  Panel, set the top  M O D E  switch to  
th e  positive position  and th e low er M O D E  switch to  the  
negative position  to  achieve 180 d egree out o f  phase.

B . A t the H P  360 data acquisition and control com puter set the  
fo llow ing param eters w ith constant G .

PKRG-5100-FC



1. L oad  (K IP) : ■ N / a
2. D isp lacem en t (stroke) .2" m ax
3. F req . R an ge (H z) . 3-30

a. D w ell Points (cyc les/step ) / N /A
b! F requency Steps (H z) N /A
c. C onstant G .10

4. Sw eep  D uration  (sec) 300

3.4.3 Start data acquisition and control program  to b eg in  test.

3 .4 .4  Save file  w h en  test stops.

3.4.5 C alcu late P S D ’s (see  Attachm ent, 1) for test data. E xam ine for tw ist 
(first, secon d  and third if  possib le) frequencies.

3 .4 .6  Q uality  verify acceptable constant G  level at .10.< ; F L

E P T

3.4.7 R e p e a t Steps 3.2.3 thru 3.2.6 for constant G  levels o f .15, .20, .3g at 3 - 
30  H z  and .4g at 10 - 30 H z  if  it is determ ined safe after previous test.

3.4.7.1 Q uality verify acceptable constant G  lev e l at: =

F U L L  F L  
.15 ~

• ■ .20 H L F
,./■ . .30

.40 at 5 -30  H z  E P T

• E M P T Y  F L  
.15 —
.20 H L F  
.30

.40 at 5 -30  H z  E P T

PKRG-5100-FC 17



TA SK  N U M B E R ________ ______________ PR O C E D U R E  Q A INITIA L

3.5.1 Setup hydraulic actuators for rigid and flex ib le  body lateral test configu
ration as show n in  Figure 3-1. R econ n ect string pots.

3.5 Rigid Body Lateral Modal Test Procedure

Figure 3-1 L ateral T est C onfiguration

3.5.2 Ensure all instrum entation is connected  for L ateral F L
M odal T esting.

H L F

E P T

3.5.3 A t the 443 C ontrol System  Panel, ensure the top M O D E  switch  
is in  th e  positive position .

3.5.4 A t th e H P  360 data acquisition and control com puter set the follow ing  
param eters:

/
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3.5.5

3.5.6

3.5.7

3.5.7.1

3.5.8

3.5.8.1

1. L oad (K IP) 5
2. D isp lacem en t (stroke) 2.5 KIP (Em pty)
3. Freq. R an ge (H z) .2-5

a. D w ell Points (cy c les/step ) 10
b. F requency Steps (H z) .1
c. C onstant G  N /A

4. Sw eep  D uration  (sec) 350

Start data acquisition  and control program  to b eg in  test.

Save file  w h en  test stops.

C alculate a  P S D ’s (se e  A ttachm ent 1) for test data. E xam ine for lateral 
rigid body resonant frequencies.

Q uality verify 5 KIP rigid body lateral is acceptable. F L _

H L F

E P T

R ep ea t Steps 3.5.4 through 3.5.7 w ith force control settings o f  10 and 15 
K IP if  it  is determ ined  safe after previous test.

Q uality verify acceptab le rigid body laterals at:
10 K IP  F L  
15 KIP —  

H L F

E P T
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T A SK  N U M B E R _______________________ PR O C E D U R E __________________ QA INITIA L

3.6.1 D iscon nect a ll string pots. F L

H L F

E P T

3.6 Flexible Body Lateral Modal Test Procedure

3.6 .2  Setup the H P  360 data acquisition and control com puter for F lex ib le  
B ody L ateral M odal Test.

A . A t the 443 C ontrol System  P anel, set the top  M O D E  sw itches 
to  the positive position .

B. A t the H P  360 data acquisition and control com puter set the  
follow ing param eters for d isp lacem ent w ith constant G:

1. L oad (K IP) N /A
2. D isp lacem en t (stroke) .2"max
3. Frequency R an ge 3-30

a. D w ell Points (cycles/ step ) N /A
b. Frequency Steps (H z) N /A
c. C onstant G  .10

4. Sw eep D uration  (sec) 300

3.6.3 Start data acquisition and control program  to  b eg in  test.

3.6.4 Save file  w h en  test stops.

3.6.5 C alculate P S D ’s (se e  A ttachm ent 1) for test data. E xam ine for lateral 
bending (first, second  and third if  p ossib le) frequencies.

3 .6 .6  Q uality verify acceptab le constant G  lev e l at .10 (d m ax = .1082). F L

H L F

E P T
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3.6.7 R ep ea t Steps 3.2.3 through 3.2.6 for constant G  levels  o f  .15 and .20 at 3 
- 30  H z, .30g at 10 - 30  H z  and .40g at 15 - 30  H z  if  it is determ ined  safe  
after previous test.

3 .6.7.1 Q uality verify acceptab le  constant G  levels at.

F U L L  F L  
.1600 —  
.2200 H L F  
.0242
.0173 E P T

E M P T Y  
.13-30H z F L  

.15 5-30H z . —  
.2 5-30H z H L F  
.3 5-30H z  
.4 9-30H z E P T

NO TE

A ny on e  or m ore o f  these to b e  u sed  for extra data points  
if  deem ed necessary.

4 .0  TEST TEAR D O W N

TA SK  N U M B E R _______________________ PR O C ED U R E_________________ Q A INITIA L

4 .0 . 1 R em ove instrum entation from  car.

4.0. 2  R em ove car from  M S U  follow ing TTC operating procedures.

4.0. 3 R em ove  car attachm ent fixtures per PK R G -5120-FC  M od al R esp on se  F L _____
T est Fixture R em oval.

H L F _

E P T
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4.0.4 Perform  car and truck inspection  per PK R G -2200. F L _

H L F

E P T

4.0.5 R ep ea t Steps 2.0 through 5 .0  for em pty arid ha lfloaded  conditions o f  F u el 
Car.

5.0 Q uality  Acceptance

TA SK  N U M B E R _______________________ PR O C E D U R E  QA INITIA L

5.1 Q uality verified  that PK R G -5100-F C  is com plete  and closed .

5 .2  A uthorized Q A  signature___________ ______________________________
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A PPLIC A BLE P S D ’S TO BE REVIEW ED B E FO R E  C O N T IN U IN G  TEST

A T T A C H M E N T  1

TEST PE R T IN E N T  P S D  C H A N N EL

* R IG ID  V E R T IC A L A Z 1, A Z 3, A Z 4, A Z 5, A Z 8, D Z 7 , D Z 1 1 , D Z 1 2

* R IG ID  R O L L D Z 7, D Z 8, D Z 11 , D Z 9 , D Y 4 , D Y 5

F L E X IB L E  V E R T IC A L A Z 4, A Z 5, A Z 8, A Z 11, A Z 12 , A Z 15 ,

F L E X IB L E  T W IST A Z 4, A Z 16, A Y 4, A Y 16, A Z 8, A Y 8, A Z 14, A Y 15

R IG ID  L A T E R A L D Y 4, D Y 5, D Y 6

F L E X IB L E  L A T E R A L A Y 4, A Y  15, A Y 8, A Y 12, A Y 16 , A Y 03, A Y 05, A Y 11, A Y 13

* A lso  determ ine p eak  spring displacem ent to  ensure springs are 
not bottom ing out.

c

PKRG-5100-FC 23



A T T A C H M E N T  2

INSTR U M EN TA TIO N  PLA C EM EN T SH EETS
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9

DZ03 RIGHT DISPL. VERTCAR BODY TD BDLSTER
DZ04 LEFT DISPL. VERT. SPRINGS
DZ14 LEFT DISPL. VERT

CARBDDY TD BDLSTER 
DZ15 RIGHT DISPL. VERT. SPRINGS

DY02 LAT. SPRING DISPL.BDLSTER TD RIGHT SIDE FRAME
DY03 LAT. SPRING DISPL.BDLSTER TD LEFT SIDE FRAME
DY04 LAT. CAR BODY DISPL.CAR BDDY TD BDLSTER

(a) Truck A nd B olster Instrum entation

PKRG-5100-FC 25
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CAR B O D Y  TO G RO UND B O D Y D IS P L A C E M E N T S

A-END

(c) Car Body To G round D isp lacem ents
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*

TEST CONFIGURATION DATA SHEETS

ATTACHMENT 3
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TEST NAME _
INSTR. ENGR./TECH. _ 
SOFT WARE/VERS ION. 
SAMPLE RATE P 5 6

FC-HDDAL

xG N R r“AQ8 A /H F“T t

P E A C E K E E P E R  R A I L  G A R R I S O N  

T E S T  C G N F I G U R A T I D N  D A T A  S H E E T  

_ _ _ _ _ _ _  riATF APR 90 w.n 87560 i nr. RDL-MSU

p a FiF 1 n r  6

TEST ENGR.
______  RECORDER. I.D,

ENCGDER/DIGITIZER I.D, ND,

H P - 3 6 0
Q A

NO._______
H P - 6 9 4 4 4

S E T - U P  F I L E

INST
INIT

DAS
CH

PP
CH

MEAS.
CODE

TRANSDUCER
MFG. S.N. SENS, LDC. CAL VOID DATE

AMPLIFIER
S.N .

CAL VOID DATE

FILTER
CAL VOID DATE

SYSTEM RECORDER
COMMENTS

49 VAF1 INTERFA
9978
26538

0.41022
MV/KLBS 5-JUL-90

MTS
BOUT!

59.88
K

35585lbs
6.47V 50 2-DCT-90

5.5647
klbs/v klbs 1-1

VERTICAL ACTUATDR 
FORCE, LEFT, A-END 
SOUTH

50 VAF2 INTERFA
9979
26630

0.40573
MV/KLBS 5-JUL-90

MTS
«TH

59.88
K

250251bs
4.55V 50 2-DCT-90

5.5612
klbs/v klbs 1-2

VERTICAL ACTUATOR 
FORCE RIGHT, A-END 
NORTH

49 LAF1 INTERFA
9978
26538

0.41022
MV/KLBS

5-JUL-90
MTS
SOUTH

59.88
K

355851bs 
6.47V 2-OCT-90

5.5647 
klbs/ v klbs LATERAL ACTUATOR 

FORCE, LEFT, A-END 
SDUTH

A41 VRF3 TTC 3
68.413
MV/KLBS 5-JAN-91 15V

R
499
K

76.886klbs
5.26V 2-DCT-90

14.617
klbs/v klbs

VERTICAL RAIL LOAD 
AXLE 4, LEFT, SOUTH 
A-END, TRUCK 2

A45 39 VRF4 TTC
71.559
MV/KLBS 5-JAN-91

15V
R

499
K

72.667klbs
5.20V

50 2-DCT-90
13.974
klbs/v klbs

VERTICAL RAIL LOAD 
AXLE 4, RIGHT, NORTH 
A-END. TRUCK 2

A49 VRF5 TTC
76.577
HV/KLBS 5-JAN-91 15V

R
499
K

69.277klbs
5.305V 50 2-OCT-90 0,0

13.059
klbs/v

klbs VERTICAL RAIL LOAD 
AXLE 3, LEFT, SOUTH 
A-END, TRUCK 2

A53 43 VRF6 TTC
78.416
HV/KLBS 5-JAN-91

15V
R '

499
K

66.823klbs
5.24V P-DCT-90

12,752
klbs/v

klbs VERTICAL RAIL LOAD 
AXLE 3, RIGHT, 
A-END, TRUCK 2

A43 38 LRF3 TTC
183.637 . 
HV/KLBS 5-JAN-91

15V
R

499
K

29,025klbs
5.33V 2-DCT-90 0.0

5.446
klbs/v

klbs LATERAL RAIL LDAD 
AXLE 4, LEFT, SOUTH 
A-FNO. TRIirk ?

A47 LRF4 TTC
165.574
MV/KLBS 5-JAN-91

15V
R

499
K

32,131klbs
5.32V

ITH 50 2-DCT-90
6.040
klbs/v klbs

LATERAL RAIL LOAD 
AXLE 4, RIGHT, NORTH 
A-END, TRUCK 2

A51 9 42 LRF5 TTC
173.419
MV/KLBS 5-JAN-91

15V
R

499
K

30.331klbs
5.26V 50 6-OCT-90 0.0

5.766
klbs/v klbs

LATERAL RAIL LOAD 
AXLE 3, LEFT, SDUTH 
A-END, TRUCK 2
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t e s t  n am e  F C - M D D A L ___________________ d a t e _________  w . n . 8 7 5 6 0  i n r .  R D L - M S U ________________

PEACEKEEPER R A IL  GARRISDN
TEST CENEIGURATIEN DATA SHEET page^  df_ °

INSTR. ENGR./TECH. TEST ENGR__________________________________ QA _______________________
s n F T W A R F / v r R S T n N ~ x G N R L _ A Q 8 A / M IF _ F C  _________  r e c o r d e r  i .d , Nn. H P - 3 6 0 ______________________  S E T - U P  F I L E
SAMPLE RATE_256________ ENCODER/DIGITIZER I.D, Nn. H P ~ 6 9 4 4 4  ____________________

INST DAS P P MEAS, TRANSDUCER AMPLIFIER - FILTER SYSTEM RECORDER
COMMENTSIN IT CH CH CODE MFG. S.N. SENS. LUC. CAL VOID DATE CH. EXC.- GAIN R-CAL CAL. E.U. & S.N. NO. FREQGAINCAL VOID DATE AO A1 ENGR. CH. SENS.NU. l/R FIX/VAR RES. VOLTS CAL VOID DATE <DJ.> <EJJ./VOLT> UNITS ND. (E.U./DIV.)

LRF6 145.765 X= r47 15v- 499 35.880 kilo ITH 6.860 LATERAL RAIL LDAD
TTC Y= 5-jan-91 50 klbsA55 10 44 6 nv/klbs R V K 5.23 v 10 6-DCT-90 klbs/v AXLE 3, RIGHT, NORTH 

A-END. TRUCK 2Z= 131
PA16
21026

11,14 X= Q1 lOv 179.53 ITH 0.5 VERTICAL CAR BODY 
ACCEL, A-END, C/L 
IINDFPSIDF

ll 115 ENDVECD y- 25-JAN-91 100 6-DCT-90 GC41 AZ01 MV/G 0 R V 11 50 G/Vz=
KR88 12.90 x= 02 lOv 155.04 ITH 0.5 LATERAL CAR BODY

C43 12 116 AY01 ENDVECD Y= 25-JAN-91 50 0.0 ACCEL, A-END, C/L21025 MV/G R 100
12

1 6-DCT-90 G/V G 3-1z= 1 V UNDERSIDE
MY28 11.67 x= Q3 lOv 171.38 ITH 0,5 VERTICAL CAR BODY 

ACCEL, A-END (3/4)C45 AZ02 ENDVECD 25-JAN-91 100 50 6-0CT-90 . G13 117 21024 MV/G 2 R 13 0.0
z= V G/V C/l. UNDERSIDE

TG93 10.09 x= Q4 lOv 198.22 ITH 0.5 LATERAL CAR BDDY 
ACCEL, A-END, (3/4)C47 14 nn AY02 ENDVECD Y= 8-AUG-90 100 50 6-DCT-90 G 3-2llo MV/G 3 R 14 G/VZ= V C/L. UNDERSIDE

ML36 12.23 x= Q5 lOv 163.53 ITH 0.5 VERTICAL CAR BDDY
C49 15 H9 AZ03 ENDVECD 25-JAN-91 100 50 6-DCT-90 G ACCEL, CENTER (1/2)21027 MV/G 4 R U.U G/Vz= V 15 1 C/l. IINDFRSIDF

TG91 12.31 x= Q6 lOv 162.47 ITH 0.5 LATERAL CAR BDDY 
ACCEL CENTER (1/2) 
C/l, MNDFRSMIF

in

16 AY03 ENDVECD y- 30-JUN-90 100 ■ 50 6-DGT-90 G120 16 3-321812 MV/G z= 5 R V G/V
RV99 9.282 x= Q7 10v 215.47 ITH 0.5

G/V
VERTICAL CAR BDDY 
ACCEL, B-END (1/4) 
r/i umsinF

C53 17 121 AZ04 ENDVECD Y= 3-JUL-90 100 50 23-JAN-9121525 MV/G Z= b R V 17 1 u.u G
NZ07 8.613 X= Q0 lOv 232.21 ITH 0.5 LATERAL CAR BDDY

C55 122 ENDVECD Y= 30-JUN-90 inn 50 23-JAN-91 G 3-4 ACCEL, B-END (1/4)18 AY04 13738 MV/G 7 R 18 0,0 G/VZ= V 1
c / i  i iN T ir p s m r

NN23 11.95 X= Q9 lOv 167.36 ITH 0.5 VERTICAL CAR BDDY
C57 19 123 AZ05 ENDVECD Y = 30-JUN-90 100 50 1 ■23-JAN-91 0.0 G ACCEL, B-END, C/L12642 MV/G RZ= 8 V 19 G/V UNDERSIDE________

NOTES, FILE;\ACAD\HDDAL2
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PE ACEKEEPER R A IL  GARRISON
TEST CONFIGURATION DATA SHEET ■ page^ df_ !

TEST NAME _ F C  M O D A L ___________________ d a t e _________  w .n .87GA0 i n r .  R D L - M S U

INSTR. ENGR./TECH, LJII. . ' TEST ENGR------------ !__________________________
s n F T W A R F /v E R s in N ^< E N R L _A Q 8 A /H IF _F C  ________ r e c o r d e r  i .d . Nn. H P -3 6 0____________
s a m p l e  r a t e _256________  e n c d d e r / d i g i t i z e r  i .d . n o . ,.H P ~ 6 9 4 4 4 ________

S E T - U P  F I L E

INST DAS P P m e a s , TRANSDUCER AMPLIFIER FILTER SYSTEM RECORDER
COMMENTS

IN IT CH CH C E D E MFG. S.N. SENS. LOC. CAL VOID DATE CH. EXC.- GAIN R-CAl CAL. E.U. 8. S.N. NO. FREQ. GAINCAL VOID DATE AO A1 ENGR. CH. SENS.NU. L/R FIX/VAR RES. VOLTS CAL VOID DATE (E.U.) <EJJ./VOLT) UNITS NO. (E.U/DIV.)
MG10 9.43 X=

29-JUN-90 Q10 10V 212.09 ITH 0.5 LAILRAL CAR EDDY
C59 124 AY05 ENDVECO Y= 50 23-JAN-91 G ACCEL B-END, C/L30 12625 MV/G 9 R V 100 20

u.u G/V7= UNDERSIDE
KY10 12.22 X= Oil 10V 163.67 39.8 MV ITH 0.5 VERTICAL Car DDDy

C61 21 AZ06 ENDVECD Y= 29-JUN-90 100 3.257G 50 23-JAN-91 0.0 G ACCEL, B-END, RIGHT97 20491 R 21 1 G/VMV/G Z= 10 V 6.514V C/L. MIDWAY
RV85 9.564 X= Q12 10V- 209.12 39.3MV ITH 0.5 LATERAL CAR BODY

C63 22 AY06 ENDVECO Y= 3-JUL-90 100 4.109G 50 23-JAN-9198 21524 MV/G 11 R 22
1 0.0 G/V G ALLLL, B-tNU, KlbHI 

171 M1I1VAYZ= V 8.218V
MR84 .9.31' x= Q13 10V 214.82 39.5MV ITH 0.5 VERTICAL CAR BODY

D33 23 99 AZ07 ENDVECD Y= 29-JUN-90 4.243G 50 23-JAN-9I G ACCEL, CENTER, LEFT12630 12 R 23 1 QJ) G/VMV/G Z= V 8.485V C/l. MIDWAY
NF15 12.85 x= Q14 10V 155.64 39.7MV ITH 0.5 LATERAL CAR BODY

135 24 AY07 ENDVECD Y= 30-JUN-90 100 3.089G 50 23-JAN-9i G ACCEL, CENTER, LEFT100 12639 MV/G 13 R V 24 Qi) G/V-Z= A179 V 171 MIDWAY
LD24 12.06 X= 015 10V 165.84 40.1NV ITH 0.5 VERTICAL CAR BODY 

ACCEL CENTER, RIGHT 
171 MIDWAY

25 AZ08 ENDVECD Y= 29-JUN-90 3.325G 50 0.0 GD37 101 20936 MV/G 14 100 1 22-JAN-91 G/VZ= R V 6.650V 25
MR29 8.95 X= QL6 10V 223.46 39.5MV ITH 0.5 LATERAL CAR BODY

D39 ENDVECD 29-JUN-90 100 4.413G 50 22-JAN-91 G ACCEL, CENTER, RIGHT26 12627 MV/G 15 R 26 1 0.0 G/Vz= V 8827V C/l. MIDWAY
EY98 22.91 x= Q17 10V 87.30 39.7MV ITH 0.5 VERTICAL CAR BODY

D41 27 AZ09 ENDVECD y- 24-JAN-91 inn 1.733G 50 22-JAN-91 0,0 G ACCEL, A-END, LETT103 13580 MV/G 16 R 27 G/Vz= V 3.466V C/L. MIDWAY
EY97 25.05 x= Q18 10V 79.84 39.7MV ITH 0.5 LATERAL CAR BODY 

ACCEL A-END, LEFTr/| M |p \JA Y

D43 28 AY09 ENDVECD Y= 23-JAN-91 100 1.585G 50 22-JAN-91 0.0 G101 8834 MV/G 17 R V 28 1 G/V1 = 3.170V
GT42 28.80 x= Q19 10V 69.44 39.9MV ITH 0.5 VERTICAL CAR BODYD45 29 105 AZ10 ENDVECD Y= 24-JAN-91 100 1.385G 50 22-JAN-91 G13579 MV/G 18 R V 29 G/V ACCEL, A-END, C/L 

JOE____________Z = 2.771V
NOTES.'



P E A C E K E E P E R  R A I L  G A R R I S O N  '

T E S T  C O N F I G U R A T I O N  D A T A  S H E E T  p a g e ^  n F _ 6

t f s t  n a m e  F C - M D D A L ________________________ d a t e ___________  w . n . 8 7 5 6 0  i n r  R D L - M S U ________________

INSTR, ENGR./TECH, TEST ENGR__________________________________ QA _______________
s n F T V A R F /v E R s in N ~ x G N R L _ A Q 8 A /M IF _ F L "________ r e c o r d e r  i .d . n i i . H P -3 6 0 ___________________  S E T - U P  F IL E
s a m p l e  r a t e _256________ e n c d d e r / d i g i t i z e r  i .d . n d . H P - 6 9 4 4 4  ____________________

INST DAS P P MEAS. TRANSDUCER AMPLIFIER FILTER SYSTEM RECORDER
COMMENTSINIT CH CH CDD E MEG. S.N. SENS. LHC. CAL VOID DATE CH. EXC.- GAIN R-CAL CAL. E.U, & S.N. NO. FREQGAINCAL VOID DATE AO A1 ENGR. CH. SENS.l/R RES. VDLTS CAL VOID DATE (E.U.) (EJJ./VQIT) UNITS NO. (E.U./DIV.)

RH83 20.92 x= Q20 10V 95.60 39.9HV 1TH 0.5 LATERAL CAR BODY
30 ENDVEC1 Y= 25-JAN-91 100 1.907G 50 1 22-JAN-91 G 3-6 ACCEL, A-END, C/LD47 106 AY10 21510 MV/G 19 R 30 0.0 G/Vz= 3.814V TDP

JQ78 24.17 X= Q21 10V
R 82.75 ITH 0.5 ■VERTICAL CAR BUOY------

149 31 107 AZll mvec'o Y" 24-JUAN-91 100 50 22-JAN-91 G ACCEL A-END (3/4)9991 MV/G 20 G/Vz= V C/L,- TDP
JQ66 19.36 x= Q22 10V 103,31 ITH 0.5 LATERAL CAR BODY 

ACCEL A-END (3/4)151 32 AY11 ENDVECD Y= 24-JUAN-91 100 50 22-JAN-919990 21 R 0,0 GlUo MV/G Z= V G/V C/l. TDP
FM79 . 21,03 X= Q23 10V 95.10 ITH 0.5 vertical car body

1)53 33 AZ12 ENDVECD Y= 24-JUAN-91 inn 50 1 23-JAN-91 n ft ACCEL CENTER (1/2)!QQ 8816 MV/G 22 R u.u G/V G
Z= V C/L. TDP

JQ54 24.69 X= 024 10V 81.00 100 ITH 0.5 LATERAL CAR BODY 
ACCEL CENTER (1/2) 
r / i  t i p

D55 34 AY12 ENDVEC1 24-JUAN-91 50 1 23-JAN-91 0.0 G 3-7uo 9989 MV/G 23 V G/Vz= R

CV96 10.91 x= Q25 10V 183.32 ITH 0.5 VERTICAL CAR BODY 
ACCEL B-END (1/4) 
C/l. Tnp

AZ13 ENDVEC1 28-JUN-90 100 50 1 23-JAN-91 GD57 35 111 7091 HV/G 24 R U.U
z= V G/V

AY13 HF67 23.82 x= Q26 10V 83.96 ITH 0.5 LATERAL CAR BDDY 
ACCEL B-END, C/LD59 36 112 ENDVECD Y = 24-JAN-91 in n 50 | 23-JAN-91 G13575 MV/G 25 R V G/Vz= Tnp

EH18 9,30
MV/G

x= Q27 10V
R

215.05 ITH VERTICAL CAR BDDY
D61 37 113 AZ14 ENDVECD Y= 29-JUN-90 100 50 1 23-JAN-91 0.0 0.5 G ACCEL, B-END, C/L Tnp •

7084 z= 26 V G/V

ENDVECD EZ49 18.63 x= 028 10V 107.35 ITH 0.5 LATERAL CAR BDDY 
ACCEL, B-END, C/L 
mp

38 AY14 Y= 24-JAN-91 ion 50 1 23-JAN-91 0.0 GA15 114 13579 HV/G 27 R V G/VZ=
ENDVEC1 RH68 20.06 X= Q2‘ 10V 99.70 39.5 MV 

1.969 G
ITH 0.5 VERTICAL CAR BDDY

A1 '39 65 AZ15 25-JAN-91 100 50 1 23-JAN-91 0.0 G 1-521509 MV/li R V 39 G/V AlltL, klbHI, NUKIH ACTUATE INTFRFAPF_z= 28 3.938 V
NDTESl - ■ • FILD\ACAD\FCHDDAL4
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TEST NAME .
I'NSTR. ENGR./TECH, _ 
SDFTWARE/VERSIDN 
SAMPLE RATE_256__

F C - M D D A L

x G N R L  A W A / M I F  F C

P E A C E K E E P E R  R A I L  G A R R I S D N  

T E S T  C O N F I G U R A T I O N  D A T A  S H E E T

______  v/.n.8 7 5 6 0  l d c . _

p a g e . □ F — 61-

DATE _______
TEST ENGR,

R D L - M S U

______ RECORDER I,D.
ENCODER/DIGITIZER I,D, NO,

Kin H P - 3 6 0
Q A

H P - 6 9 4 4 4
S E T - U P  F I L E

INST 
INI T DAS

CH
PP
CH

MEAS,
CODE

TRANSDUCER
MFG. S.N, SENS, LDC. CAL VOID DATE

AMPLIFIER
S.N .

CAL VOID DATE

FILTER
CAL VOID DATE

SYSTEM RECORDER
COMMENTS

A3 40 66 AY15 ENDVECL
KR29
20937

12.80
MV/G 29-JUN-90

29
10V
R

156.25
V

39.9 MV 
3.117 G 
6.234 V

23-JAN-91 0.5
G/V

1-6
LATERAL CAR BDDY 
ACCEL, RIGHT, NORTH 
ACTUATOR INTERFACE

A5 67 AZ16 ENDVECO FP90
13582

17.24
MV/G 24-JAN-91

10V
R

116.01
V.

39.6 MV 
2297 G 
4594 V 22-JAN-91 0.5

G/V 1-7
VERTICAL CAR BODY 
ACCEL, LEFT, SOUTH 
ACTUATOR INTERFACE

A7 42 63 AY16 ENDVECO
KE52
20942

12.44
MV/G 29-JUN-90 10V

R
160,77

V
39.8 MV 
3.199 G 
6.399 V

50 22-JAN-91 0.5
G/V

LATERAL CAR BODY 
ACCEL LEFT, SOUTH ACTUATOR TNTFRFACF

43 DZ01 MTS 21708

MTS 
SOUlH 
2 ACV

50 22-JAN-91 0.05
IN/V INCH 1-3

VERTICAL ACTUATOR 
DISPLACEMENT, LEFT END

44 52 DZ0P MTS. 21709
MTS 
NORTH 
2 ACV

22-JAN-91 0,05
IN/V

INCH 1-4
ACTUATOR 

DISPLACEMENT, RIGHT 
NORTH, A-END ___

B33 45 55 DZ03 CELESCO 14233
0.94751
V/1N 22-JUL-90

10V
R

2.11
V

500
3.684 IN 
7,369 V 315 22-JAN-91 0.5

IN/V
INCH

VERTICAL SPRING 
DISPLACEMENT, BOLSTER 
TO I EFT S1DF FRAME. TRK

B35 46 56 DZ04 :elescd 10063
0.9383
V/1N 28-JUL-90

10V
R

2.13
V

500
3.670 IN 
7.340 315 22-JAN-91 0.5

IN/V INCH
VERTICAL SPRING 
DISPLACEMENT, BOLSTER 
TO RIGHT SIDF FRAME TRK

B41 47 58 DZ07 CELESCO
10071

0.94418
V/1N 26-JUL-90

10V
R

212
V 500

3.654 IN 
7.308 V 315 22-JAN-91

0,5
IN/V INCH 2-1

VERTICAL CAR BODY 
DISPLACEMENT, A-END 
LOVER. RIGHT TO GROUND
'VERTICAL CAR BODY 
DISPLACEMENT, A-END 
LOVER, LEFT TO GROUND

B43 59 DZ08 CELESCO 10075
0.94263
V/1N

20-JUN-90-
10V
R

212
V

500 3.635 IN 
7.270 V 315 22-JAN-91 0.5

IN/V INCH 2-2

B45 49 127 DZ09 CELESCO
10076

0.93878
V/IN 20-JUN-90

10V
R

213
V

500. 3.647 IN 
7.294 V 16-JUL-90 0.5

IN/V INCH 2-3
VERTICAL CAR BODY 
DISPLACEMENT, B-END 
1 flVFR. RIGHT Tfl

NDTES: FILE:\ACAD\FCMDDAL5



TEST NAME _
INSTR, ENGR./TECH, _ 
SOFT WARE/VERSION 
SAMPLE r a t e _256___

FC-MDDAL

x G N R L  A Q 8 A / M I F  F C

P E A C E K E E P E R  R A I L  G A R R I S E N  

T E S T  C E N F I G U R A T I D N  D A T A  S H E E T

_______  w n  8 7 5 6 0  i n n  R D L - M S U

PAGE__ 6_ OF_6_

DATE ______
TEST ENGR.

H P - 3 F 0
Q A

_____ , RECORDER I.D. NO.
ENCODER/DIGITIZER I.D. NO. H P ~ 6 9 4 4 4

S E T - U P  F I L E

INST
INIT

DAS
CH

PP
CH

MEAS,
CDDE

TRANSDUCER
MFG. S.N. SENS. LUC. CAL VOID DATE

AMPLIFIER

CAL VOID DATE

FILTER
CAL VDID DATE

SYSTEM RECORDER
COMMENTS

VERIIL'AL CAR BODY--
DISPLACEMENT, B-END 
COVER, LEFT TO GROUNDB47 50 128 IZ10 CELESCO 10079

0.9400
V/IN 23-SEP-90

10V
R

2,13
V 500

3.631 IN 
7.261 16-JUL-90 0.5

1N/V 2-4
VERTICAL CAR BODY 
DISPLACEMENT, MIKKLE 

C/L TO IB49 95 DZ11 CELESCO
10364

0.93074
V/IN

22-JUL-90
10V
R

2.15
V 500

3.592 IN 
7.185 V 16-JUL-90 0.5

IN/V

B55 52 62 DZ14 CELESCO 14232
0.94768
V/IN

30-JUL-90
10V
R

2.11

V
500

3.583 IN 
7.165 V 16-JUL-90

0.5
IN/V INCH

VERTICAL BOLSTER 
DESPLACEMENT, A-END 
RIGHT, BOLSTER TO CAR :

B57 53 63 DZ15 CELESCO 0.93758
V/H 30-JUL-90

10V
R

2.11
V 500

3.657 IN 
7.313 V 16-JUL-90 0.0

0.5
IN/V INCH

TU SOUTH 
2

VERTICAL BOLSTER 
DISPLACEMENT, A-END 

.1FET, BOl STFR Til CAR
LATKAL ACTUATOR 
DISPLACEMENT, LEFT 
SOUTH, A-END

54 54 MTS 21708 ACV 50 22-JAN-91 0.0 0.05
IN/V

1-3

B63 55 93 DY02 CELESCO
14240

4.7746
V/IN 30-JUL-90 10V

R
2,09
V 500

.7091
7.091 16-JUL-90 0.1

IN/V INCH
LATERAL SPRING 
DISPLACEMENT, LEFT 

SOUTH
tSTERAU 
DISPLACEMENT, RIGHT 
TRUCK 2, A-END, NORTHC33

C35

56 53 CELESCO 14238
4.7537
V/IN

30-JUL-90 67
10V
R

2.10
V

500
.7087 
7.087 V 16-JUL-90

0.1
IN/V INCH

LATERAL TATI#-  
DISPLACEMENT, A-END 
LOVER BEAM. RIGHT57 54 DY04 CELESCO 10367

0,94576
V/IN

20-JUL-90
10V
R

2.11
V

3.586 IN 
7.173 V 16-JUL-90

0.5
IN/V INCH 2-6

C37 58 93 DY05 CELESCO
10074

0.94331
V/IN 31-JOL-90

10V
R

2.12
V

3.629 IN 
7,259 V 16-JUL-90 0.5

IN/V 2-7
LATERAL CAR BODY 
DISPLACEMENT, CENTER 
LOVER BFAM, RIGHT

C39 59 126 DY06 CELESCO 10062
0.94309
V/IN 23-SEP-90

10V
R

2.12
V

500 3.611 IN 
7.223 V 16-JUL-90 0.5

IN/V INCH
LATERAL CAR BODY 
DISPLACEMENT, B-END 
■LOVER. BEAM, RIGHT__

NOTES: FILD\ACAD\FCM0DAL6
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TRUCK CHARACTERIZATION -  AIR-BEARING TABLE TEST



PEACEKEEPER RAIL GARRISON  
PROCEDURE PKRG-4200-FC

T R U C K  CHARACTERIZATION -  AIR-BEARING TABLE TEST

l.ODESCRIPTION

The purpose o f this procedure is to outline the sequence of steps to conduct truck 
characterization tests on the Air-bearing Tables located in the Urban R ail Building 
(urb). The Truck Characterization Test consists of four sub-tests: Y aw  Moment Test, 
A xle Alignment Test, Longitudinal Stiffness Test and Axle Y aw  Stiffness Test.

1.1 INDEX

1.0 Description

1.1 Index

1.2 Equipment

1.3 Figure List

1.4 Table List

1.5 Reference L ist.

1.6 Test Documentation List

2.0 Y a w  Moment Test Procedure

2.1 Test Setup Procedure

2.2 Y a w  Moment Test

2.3 Test Tear-down Procedure

3.0 A xle Alignment Test procedure

3.1 Test Setup

3.2 A xle Alignment Test

3.3 Test Tear Down

4.0 Longitudinal Stiffness Test

PROCEDURE PKRG-4200-FC 1



4.1 Test Setup

4.2 Longitudinal Stiffness Test

4.3 Test Tear Down

5.0 Axle Y aw  and Inter-axle Bending Stiffness Test

5.1 Test Setup

5.2 Axle Y aw  and Inter-axle Bending Stiffness Test

5.3 Final Test Tear D own

6.0 Quality Verification

EQ U IPM EN T LIST

a. 6ea Machinists Scale (0-48")

b. 2ea Load C ell (10 KIP) with Accessories

c. 2 ea Celesco String Pot (+ /-5")

d. 2ea Celesco String Pot (+ /-10 ")

e. 2ea 20 Kip Load C ell

f. 2ea Enerpac Hydraulic Cylinder (6" throw) 
with Accessories

g- 2ea Axle Spud kit

h. le a String Pot M agnetic Bases

i. 4ea Transit Square, Brunson Optical

j- " 2ea Machine Scale, Support Stand

k. 2ea Air-bearing Tables ((120"x82"x7.5")

1. 4ea A ir Compressor with Accessories (750 cfm)

m. le a 100-ton Jack (15" base)

n. 8ea Chains and Clevis Kit

0. le a W heel Blocks (lead)

PROCEDURE PKRG-4200-FC



p- lOea 6’ Tape Measure

q- 8ea Aluminium Sheets (12’ X  4’)

r. 2ea Keepers, Axle

s. le a Reacting Fixture

t. 2ea X -Y -Y  Plotter

u. le a IBM  P C  with Metrabyte D A S 16F Card

V. 4ea Actuator (20 kip)

w. le a Signal Conditioners

a.a. le a Caliper, Vernier, 80 inch

b.b. le a Torque Wrench,
TB D

1.3 FIG U R E L IST

Figure 2-1 F C  Located at Reaction Fixture

Figure 2-2 Aluminum Sheet Placement

Figure 2-3 Truck Yaw  Moment Test Setup

Figure 3-1 Axle Alignment

Figure 3-2 Axle Alignment Test Configuration

Figure 4-1 Axle Spud Kit Installation

Figure 4-2 Longitudinal Stiffness and A xle Y aw  and Inter-axle Bending

Figure 4-3 Force versus Displacement Sample Plot

TABLE L IST

* 1 A ir Bearing Test Measurement List, ,

1.5 R EFER EN CE L IST
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P K R G  2200.... Car Inspection Procedure

P K R G  3100.... Instrument Installation Procedure

M 1001.......  Manual of Standards and Recommended Practices,
Section C, Part II, Volum e I, Chapter X I

T T C  Operation Rules for the Test Transportation Test Center, 
Pueblo, Colorado, A A R , November 1,1989.

Peacekeeper R ail Garrison Test Implementation Plan, (for 
appropriate test Car), Chapter X I testing

T T C  Safety R ule Book

1.6 REFEREN CE DOCUM ENTATION

1.6.1 Test Events Log

The Test Engineer will maintain a Test Events Log throughout the testing pro
cess. The log will be used to record;

a. Time of completion for each major phase o f the test procedure.

b. Any unexpected or unusual circumstances, anomalies, or delays.

c. Any event that potentially impacts the validity o f the evaluation 

or test results.

U pon completion o f this procedure, the Test Events Log will be permanently 
filed in the appropriate case file.

1.6.2 Test Run Matrix

A s test runs are completed, the Test Engineer will record the time of comple
tion of each run on the Test Run Matrix. The Test Run Matrix will be placed 
in the appropriate case file upon completion o f this procedure.

1.6.3 Test Configuration D ata Sheet

The Test Configuration D ata Sheet is produced by performance o f Procedure 
PKRG-3100, Instrumentation Installation. It will be permanently filed in the 
appropriate case file upon completion of this test procedure.

1.6.4 D ata Disk

PROCEDURE PKRG-4200-FC 4



D ata will be developed in Lotus Spreadsheet format for each test.
Copies o f each disk will be provided to the A SCO N .

1.6.5 Run Statistics Printout X -Y -Y  Plots

X -Y  Plots w ill be made in Lotus format during testing. Copies will be pro
vided to A SC O N .

1.6.6 Quality Control Checklist

The Quality Control Checklist will be completed and permanently filed in the 
appropriate case file upon completion o f this procedure.

PROCEDURE PKRG-4200-FC



■ 'NOTE ' ■ ' ■

A ll personnel involved in the performance o f this procedure or 
observing the test(s) will comply with the T T C  Safety Rule Book.

2.0 YA W  M O M EN T TEST PRO CED U RES

2.1 Test Setup

Perform the following steps to prepare test car for the Y aw  Moment Test:

N O TEr

Ensure all test equipment that requires calibration 
is current and in useable condition.

TASK
NUMBER PROCEDURE

2.1.1 Ensure test area is clean and secure from outside interference.

2.1.2 Measure and record side bearing and bolster clearance. Ensure side 
bearing top to bolster is 5 1 / 1 6 + / -  1/16-inch. Ensure car is level.

2.1.3 Position test car so that test end lead axle is centered on the center o f 
the first reaction fixture (see Figure 2-1).

Reaction Picture

Figure 2-1 FC  located at Reaction Fixture

PROCEDURE PKRG-4200-FC
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2.1.4 Chock all non-test wheels. Disconnect hand brake chain and air brake line.

2.1.5 Using two 100-ton jacks at jacking pad, jack the test end of the test car with the 
truck chained up to the car test end.1

2.1.6 Insert aluminum sheets beneath and around the test car, see Figure 2-2.

Figure 2-2 Aluminum Sheet Placement

2.1.7 F loat air bearing table under car.

2.1.8 Place truck onto table see Figure 2-3.

Figure 2-3 Truck Yaw Moment Test Setup

PROCEDURE PKRG-4200-FC



2.1.9 Ensure spring group is in its correct position.

2.1.10 Lower test car onto air bearing table, and remove jacks from test end of 
test car.

2.1.11 Level test car:

Step a. Apply air to air bearing table (float test end).

Step b. A t test end of car measure from bottom  of bolster (center) to 
floor.

Step c. A t non-test end of car measure from bottom of bolster 
(center) to floor.

Step d. Adjust non-test end jacks so that non-test end height equals the 
test end height + /- 1/2-inch or insert R ail Height Adjusters 
under non-test end trucks.

2.1.12 Connect reaction fixtures to facility floor.

NOTE

Actuators must be in-line with lead and 
trail axle respectively.

2.1.13 Connect string pots, actuators and load cells between air bearing table 
and reaction fixtures.

2.1.14 Connect transducer cables (string pots and load cells) through signal 
conditioners to the D ata Acquisition System (D AS).

PROCEDURE PKRG-4200-FC 8



2.1.15 M easure initial force at actuator for both tables. Ensure that actuators 
are at less than 500 lbs..

NOTE

D o not re-zero Load Cells at this time.

2.2 Yaw  Moment Test

TASK QANUMBER___________________ PROCEDURE______ _____ . ______INITIAL

2.2.1. Ensure initial pre-load on actuators is less than 500 lbs.. M ark initial 
table location if  different than previous test.

2.2.2 Start acquisition program, slowly apply force to actuators while observ
ing X -Y  plotter to ensure the force values rise together. The displacent 
will increase suddenly as the truck begins to rotate. A t this point stop 
force application. Record break-away force and cross check with mea
surement acquired on PC.

2.2.3 Realign truck using two come-a-longs.

2.2.4 R epeat Steps 2.2.1 through 2.2.3 twice, record load cell readings in  Test 
Events Log.

2.2.5 Reconfigure actuators to repeat test in opposite direction. Steps 2.3.1 through 
2.3.3.

2.2.6 R epeat Steps 2.2.1 through 2.2.4

2.2.7 Quality verify Y aw  Moment Test is complete.

PROCEDURE PKRG4200-FC 9



2.3 Test Tear Down

2.3.1 Remove string pots and load cells with actuators.

2.3.2 Lower non-test end of car, chock non-test end wheels, jack test end of 
car off o f the A ir Bearing Table.

2.3.3 Apply air and float table away from car.

2.3.4 Reverse Steps 2.1.5 through 2.1.14.

2.3.5 Lower both jacks evenly from side to side. Attach cut lever and place 
Bad Order Tag on car for non-functioning brakes.

2.3.6 Quality Assurance will verify test tear down is complete. _____

3.0 AXLE ALIG N M EN T TEST

3.1 Test Setup

Perform the following steps to prepare test car for the A xle Alignment Test:

TASK QA
NUMBER____________________PROCEDURE_____ _________________ INITIAL

PROCEDURE PKRG-4200-FC 10



NOTE

Ensure all test equipment that require calibration 
is current and in useable condition

TASK
NUMBER PROCEDURE

I
AIR TABLE

F igur3-1 Axle Alignment

3.1.1 Chain truck to car, chock non-test end wheels.

3.1.2 Jack up test end of car.

3.1.3 Position air bearing tables under test end truck (one table per axle). 
See Figure 3-1.

3.1.4 • Lower test car onto the air bearing tables, and remove jacks from the
test end of the car.

3.1.5 Ensure spring group is in its correct location.

3.1.6 Level test car and apply air to the air bearing tables (float test end).

QA
INITIAL
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3.2 Axle alignment test

TASK
NUMBER PROCEDURE

3.2.1 Position transit as illustrated in Figure 3-2, and set transit 
elevation to center of wheel. Float car and release air.

Figure 3-2 Axle Alignment Test Configuration

3.2.2 M ark a level with 4 lines, one pair at 20 inches and the other at 22 
inches apart.

3.2.3 Trace the top o f the level at the points on the wheel where the 20-inch 
marks lines up at the inside rim, yet remain level.

3.2.4 Measure back 1-inch from the inside rim and make a 1/4-inch long 
vertical line (at the 22-inch marks).

3.2.5 Place machinists scales in holders.

PROCEDURE PKRG-4200-FC
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3.2.6 Place a scale and holder at each mark. The bottom  o f the scale should 
be at the horizontal line and the scale should be on the vertical line.

3.2.7 Ensure that the scales are square with the wheel by equating the 
diagonals ( + / - 1/ 8-inch).

3.2.8 R epeat Steps 3.2.2 through 3.2.7 for axle #2.

CAUTION

End Caps should be re-torqued to 360 - 390 ft.-lbs.. 
DO N O T permit wheels to rotate while caps are off.

3.2.9 Rem ove End Caps on all four bearings.

3.2.10 Measure axle spacing on the both sides of the Truck with vernier calipers.

3.2.11 Measure inside wheel spacing for each axle. Take two measurements 
per axle.

3.2.12 Align Transit (rotationally) until front most and rear most rulers read . 
within 1/ 100th o f an inch of each other.

3.2.13 R ead all scales to a 1 / 1000th of an inch and record them on the D ata 
Sheet.

3.2.14 Reinstall end caps and torque to 360 - 390 ft/lbs.

3.2.15 Perform axle alignment test three times per truck.
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3.3 Test Tear Down

TASK QANUMBER PROCEDURE INITIAL

3.3.1 Rem ove scales and transit ___

4.0 LONGITUDINAL STIFFNESS TEST

4.1 Test Setup Procedure

TASK QA
NUMBER PROCEDURE INITIAL

4.1.1 Ensure Steps 3.1.1 through 3.1.5 have been complished.

4.1.2 Install Axle Spud K it as illustrated in Figure 4-1 and in accordance with 
A A R  W heel Axle Manual, torque bolts to 360 - 390 ft.-lbs..
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CAUTION

Ensure axles do not rotate with End Caps removed.

4.1.2.1 Install actuators and string pots as illustrated in Figure 4-2.

4.1.2.2 Connect load cell and string pot cables to the signal conditioners and to 
the D A S.

4.1.2.3 C-clamp and shim bar (actuator and loadcell) to the truck to prevent 
any motion other than linear.

4.1.2.4 Check zero and R C A L  on each load cell, check excitation and zero 
stringpots.

Displacement

Figure 4-2 Longitudinal Stiffness, Axle Yaw and, Inter-axle Bending
Test Setup
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4.2 Longitudinal Stiffness Test

TASK
NUMBER PROCEDURE

4.2.1 Start Test with whatever force exists in the load cells and actuators, 
providing the force is less than 400 lbs.. D O  N O T  re-zero the load 
cells.

4.2.2 Start D ata Acquisition Program

W ARNING

Do not exceed a maximum force o f 20,000 lbs.

4.2.3 Continue applying tension load until force versus displacement is 
no longer linear, refer to Figure 4-3.

Figure 4-3 Force Versus Displacement Sample

QA
INITIAL
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4.2.4 Ensure axle is centered in pedestal before proceeding with testing, by, 
allowing axles to come to rest in their normal position. R epeat test two 
additional times.

4.2.5 Reverse actuators and repeat Stepss 4.2.1 through 4.2.3 three times.

4.3 Test Tear Down

TASK QA
NUMBER PROCEDURE INITIAL

4.3.1 Test tear down is not required at this point in order to continue this Truck 
Characterization Test.

5.0 AXLE YA W  AND INTER-AXLE BENDING STIFFNESS TEST

5.1 Test Setup

TASK QA
NUMBER PROCEDURE INITIAL

5,1.1 Check zero and R C A L  of each channel before testing.

5.1.2 Ensure trucks are unchained.

5.2 Axle Yaw  and Inter-axle Bending Stiffness Test

TASK QA
NUMBER PROCEDURE INITIAL

5.2.1 Apply a compressive load to actuator # 1  and a tensile load
to actuator #2. The same pre-loading as Step 4.2.1 should be used 
Force will be applied at separate rates through the same pump.

PROCEDURE PKRG-4200-FC 17



5.2.2 Start D ata Acquisition Program.

5.2.3 Continue applying force to both actuators until force versus displace
ment is no longer linear as illustrated in Figure 4-3

5.2.4 Repeat test two times and record data.

5.2.5 Reverse hydraulic pump and repeat Steps 5.2.1 through 5.2.4.

5.3 Test Tear Down 

TASK
NUMBER PROCEDURE

CAUTIO N

Torque End Cap Bolts to 360 - 390 ft.-lbs.

i

5.3.1 Rem ove actuators, load cells, string pots, and spud kit.

5.3.2 Apply end plates with new information and torque bolts to 360 - 380
ft.-lbs. Record torque Serial # ____________

QAINITIAL
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6.0 QUALITY VERIFICATION

TASK QANUMBER PROCEDURE INITIAL

6.1 Quality verified that PKRG-4200-FC is complete and closed.

6.2 Authorized Q A  signature__________________________
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TABLE LIST 1

AIR  BEARING TEST M EASUREM ENT LIST
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P E A C E K E E P E R  

T E S T  C E N E I G U R A

t f s t  n a m e  TRUCK R O T A T I O N  d a t f  J I T  

INSTR. ENGR./TECK. BRARR . TEST ENC 
SOFT WARE/VERSION ' REC 
SAMPI F R A T F  FNCflDER/DIGITIZE

R A I L  G A R R I S O N

T I G N  D A T A  S H E E T

JF 9f) w.n.  AERROf] i n r .  URB A IR  T 
i p  ER ABB

A B L

Q A

PAFiF 1 n F  P

: s
K, F E L L E R

ORDER I.D. NO. 
R I.D. NO.

S E T - U P  F I L E

INST
IN IT

DAS
CH

PP
CH

MEAS,
CEDE

TRANSDUCER AMPLIFIER FILTER SYSTEM RECORDER
COMMENTS

MFG. S.N. SENS. LDC. CAL VOID BATE CH.NQ. EXC.-L/R GAINFIX/VAR R-CALRES. CAL. E.U. 8. VOLTS S.N . NO. FREQ. GAINCAL VOID BATE AO<E.U.> A1(EU./VDLT) ENGR.UNITS CH.NQ. SENS,(E.U/DIV.)CAL VOID DATE

1 LCl [nterfac; 8875 .4024 V/KIP
X=

9-16-90 1
10
VDC

100F 7.257K
2.92V

14855 H 15 1 9-23-90
LEFT SIDE 
10K LOAD CELLY=

9-23-90Z=

2 LC2 Interfac> 7861 .41104 V/KIP
x=

9-15-90 2 10
VDC 100F 7.155K

2.94V
14901 H 15 1 9-29-90

RIGHT SIDE 
10K LQAD CELLY=

9-29-90Z=

3 SPI Celesco A46550 .474 V/IN
x=

10-23-90 3 10
VDC IF 14953 K 15 1 10-12-90

LEFT SIDE 
20' STRING POTY=

10-12-90Z=

4 SPE Celesco A45654 .473 V/IN
x=

10-23-90 4
10
VDC IF 14858 K 15 1 9-28-90

RIGHT SIDE 
20' STRING PDTY=

9-28-90Z=
x=
Y=
z=
x=
Y=
z=
x=
Y=
z=
x=
Y=
Z=
x=
Y=
Z=
x=
Y=
Z=

NDTESl ACAD FILE: FCAIR1.DUG
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P E A C E K E E P E R  RAIL G A R R I S O N  

T E S T  C O N F I G U R A T I O N  D A T A  S H E E T  pag e^
tfft name I flNfilTI 1DTMAI STTFFNFSS tiatf JUNE 90 v,n.A5B300 i nr.URB AIR TABLES
INSTR. ENGR./TECH,  _ R R A E E _ _ _ _____________ T E S T  ENGR. BRABB___________________________  QA
S O F T W A R E / V E R S I O N ___________________________________ RECORDER  I.D. NO________________________________S E T - U P  F I L E
S A M PLE  R A T E ______:______ ' E N C O D ER /D IG IT IZ E R  I.D. NO. ___________________  _________________

K. FF1 1 FR

INST 
INI T DAS

CH
PP
CH

MEAS.
CHIDE

TRANSDUCER
MFG. S.N. SENS LOC.

AMPLIFIER

CAL VOID DATE

FILTER
ND. FREQ. CAIN ^  VDID DATE

SYSTEM RECORDER
COMMENTS

LC1 Interfile; 8875 .4024 V/KIP 9-16-90 10
VDC

100F 7.257K
2.92V

14855
9-23-90 9-23-90

LEFT SIDE 
10K LOAD CELL

LC2 Interface 7861 7861 V/KIP 9-15-90 10
VDC 100F 7.155K

2,94V
14901
9-29-90 9-29-91

RIGHT SIDE 
10K LOAD CELL

SP1 1675 4.5416
V/IN 9-20-90 10

VDC
-1,1 IN 
4.996V 14953

10-12-90 10-12-90
LEFT SIDE 
20' STRING POT

SP2 3681
4.8332

V/IN 8-15-90 10
VDC

,187 IN 
,904 V

14858
9-28-90 9-28-90

RIGHT SIDE 
20' STRING POT

NOTES: ACAD FILE: FCA1R2.DVG
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PEACEKEEPER RAIL G AR RISO N  
PROCEDURE PKRG-6000-FC 
SERVICE W ORTHINESS TE ST

1.0 D ESCR IPTIO N

This procedure outlines the sequence of steps to conduct service worthiness tests on 
the Peacekeeper R ail Garrison Fuel Car (FC). The Service Worthiness Test consists 
o f the Curve Stability Test.

i .

1.1 INDEX

1 . 0 Description

1.1 Index

1.2 Equipment List

1.3 Figure List

1.4 Table List

1.5 Reference List

1.6 Attachments

2.0 Curve Stability

2.1 Test Setup

2.2 Instrumentation Installation, Calibration and Operation

2.3 Curve Stability Testing

3.0 Quality Verification

EQ U IPM EN T LIST

a. 1 ea Generator, Portable M odel 30KW

b. 1 ea Instrumented Coupler (200,000)

c. 1 ea Strain Gage, Daytronic 3270

PROCEDURE PKRG-6000-FC 1



d. 1 ea X -Y  Recorder

e. 4 st W heel Chocks , . ?

f. 1 ea 100-Ton Hopper Car (modified)

g- 1 ea Coupler Adapter (Squeeze Fixture)

h. 1 ea Hewlett Packard (HP) 300 Series Data Acquisition System

i. 20L 2702 Instrum Signal Conditioner

j- 1 ea Western Graphic Strip Chart or Equivalent

k. 2  ea Feeler Gages

1.3 FIGURE LIST\

2-1 Curve Stability Test Facility

1.4 TABLE LIST

None

1.5 REFERENCE LIST

None

1.6 ATTACHMENTS

1 Test Measurement List

. v P O
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N O TE

A ll p erson n el in vo lved  in  th e perform ance o f th is proced ure or observing th e te st(s ) w ill
com ply w ith th e T TC  Safety R u le  B ook .

2 .0  CURVE ST A BILITY  TEST

2.1  T est Setu p

N O TE

T h e test car w ill b e  in  th e u n load ed  con d ition  
for th e fo llow ing test.

TASK QA
NUMBER PROCEDURE INITIAL

2.1 .1  P la ce  th e te st car in  a  consist as illu strated  in  F igure 2-1.

FUEL CAR

190 FOOT CAR
100—Ton Hoppers 

/  Hydraulic actuators

Extra Hoppers and 
Locom otive for restraint

Locomotive with 
Instrumented Coupler

Extra Hoppers and 
Locomotive for restrain'

F igure 2-1 Curve S tab ility  T est F a cility

2 .1 .2  T h e con sist w ill b e  p laced  on  th e South W ye o f  th e U rb an  R a il B u ild ing
access track.

PROCEDURE PKRG-6000-FC 3



2.1.3 Quality verify proper setup for the Curve Stability Test.

2.2 Instrumentation Installation, Calibration and Operation

TASK QANUMBER PROCEDURE INITIAL

2.2.1 R efer to the Test Measurement List (Attachment 1) for instrumentation 
installation location.

2.2.2 R efer to Procedure PKRG-3100 for completing the Test Configuration 
D ata Sheet.

2.2.3 Instrumented Coupler Setup.

2.2.3.1 Monitor the signal conditioner excitation to the transducer for a mini
mum of five minutes.

2.2.3.2 Verify that the 3270 indicator switch, located on the rear panel, 
is set to 20,000.

2.2.3.3 Verify that the display switches 1,2,3, and 6 are closed.

2.2.3.4 Verify that the display switches 4 and 5 are open.

2.2.3.5 Adjust the course and then the fine balance potentiometers for
0.00 on the display indicator.

PROCEDURE PKRG-6000-FC 4



2 .2 3 .6  Calculate shunt calibration reading using the following for
mulas '

2500i?b
X ~ K { R C + R b)  .

X  = Indicator Reading 
Rb = Bridge Resistance (typical 350 ohm)

......................K  = m V / V  Sensitivity
R c = Shunt Cal Resistor Value (29.88 K  typical)

Typical X  (96.5 %  or 193 K)

2 .2 3 .1  Adjust the course and then the fine span to the value calculated in Step 
2.2.3.6.

2.2.3.8 R epeat Steps 2.2.3.5 and 2.2.3.6 as necessary.

2.2.4 X -Y  Recorder Setup

2.2.4.1 Connect the output of the 3270 to the Y  input o f the X -Y  recorder.

2.2.4.2 Set the X  axis to the time mode at 50 sec per C M  rate.

2.2.4.3 Adjust the Y  axis zero to the first major division on the chart paper.

2.2.4.4 Depress the C al button on the 3270 conditioner and adjust the Y  axis 
span for five major divisions of deflection.

V . ” ' . . . • i.
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2.2.4.6 Quality verify installation and calibration is complete.

2.2A.5 Repeat Steps 2.2.4.3 and 2.2.4.4 as necessary,

2.3 Curve Stability Testing

TASK QA
NUMBER PROCEDURE INITIAL

2.3.1 With the test consist positioned at the Curve Stability Test site as outlined 
in Section 2.1 and the instrumentation operating as outlined in Section 
2 .2 , begin applying a buff load (compressive) using the actuators illus
trated in Figure 2-1.

2.3.2 Continue applying the buff load until a maximum load o f 100,000 lbs. is 
applied.

2.3.3 The test car will be held in place for a 20 second sustained duratioriwhile 
under the maximum load (+5000 -0 lbs).

2.3.4 The test car will be monitored for the following conditions: Wheel lift, aiiy 
separation of the trucks and car body. J

2.3.4.1 Check wheel lift with feeler gauges. W heel lift should not exceed
1/8-inch when measured 2 5/8-inch from the rim face at the inside o f 
curve for buff and outside for draft.

2.3.4.2 R epeat Steps 2.3.2 through 2.3.4.1 applying buff load to 200,000 lbs,

2.3.5 Reverse the X -Y  recorder and install new paper.

PROCEDURE PKRG-6000-FC 6



2.3.6 R epeat Steps 2.3.1 through 2.3.4.2 using a draft (tensile) load.

2.3.7 Quality verify that the Curve Stability Test is complete.

3.0 Q U A LITY VER IFICATIO N  

TASKNUMBER____________________PROCEDURE_______________

3.0. 1 Quality verify that P K R G  6000-FC is complete and closed.

3.0. 2 Authorized Q A  signature___________________________

QAINITIAL
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ATTACHMENT 1

TEST M EASUREM ENT LIST
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FCT E ST  NAME 
INSTR. ENGR./TECH,  _ 
S D F T W A R E / V E R S I D N  
S A M P LE  R A T E _______

P E A C E K E E P E R  R A I L  

T E S T  C D N P I G U R A T I E N  

C HAPTER  XI SW d a t e  6 - 1 2 - 9 0

T E S T  ENGR_____

G A R R I S D N  

D A T A  S H E E T  

. , 8 75 6 0  l d c ___

PAGE. □ F .

if iM QA
________________  RECORDER  I.D. ND,
E N C D D E R /D IG IT IZ E R  I.D. ND. ____

S E T - U P  F I L E

INST
INIT

DAS
CH

pp
CH

MEAS,
CEDE

TRANSDUCER
MFG. S.N, SENS. LDC. CAL VOID DATE

AMPLIFIER

CAL VOID DATE

FILTER
CAL VOID DATE

SYSTEM RECORDER
COMMENTS

MINER 24 1.5017
nv/v

NOTES:

Z=
x=
Y=
Z=
x=
Y = 
Z=
lx=
Y=

X=
Y=
Z=
x=
Y=
Z=
x=
Y = 
Z= 
x=
Y = 
Z=

2-3-91 5V FIX 19.88
1.009 K 
lbs 
7.5 v

133.2 K lbs ANVIL CAR COUPLER

ACAD FILD FCOUWG
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PEACEKEEPER RAIL GARRISON 
T E ST  PLA N  FO R  STATIC TESTING O F BR AKE SYSTEM S 

O N  INDIVIDUAL CARS AND LO CO M O TIVES 
PROCEDURE

1.0 D ESCR IPTIO N

This procedure outlines the sequence of tests to provide reasonable assurance that 
the train brake system wiU perform as intended, providing satisfactory slowdown, 
stopping ability and able to hold the train stationary on level or expected track gradi
ents. These tests include static (vehicle standing) tests o f the air brake system to 
ensure compliance with existing A A R  and F R A  rules and regulations. Other tests 
are conducted other than those that are strictly in accordance with A A R  and F R A  
rules to ensure the brake system on each car will be compatible and perform as uni
formly as possible when coupled together.

INDEX

1.0 Description

1.1 Index

1.2 Equipment List

1.3 Figure List

1.4 Table List

1.5 Reference List

1.6 Attachment List

2.0 Car A ir and Handbrake System

2.1 M aterial and Equipment Requirements .

2 .2 . Single Car Test On Cars

2.3 Hand Brake Inspection

2.4 System Leakage Test

2.5 Piston Travel And Rigging

2.6 Minimum Application And Brake Cylinder Leakage And Slow Release

2.7 Service Stability, Emergency, Release A fter Emergency A B D W  Appli
cation And Manual Release Valve Tests . ‘

STATIC BRAKETESTING PROCEDURE 1



2.8 Tests On Second A B D W  Control Valve (If Equipped)

3.0 Net Shoe Force Tests With Calibrated Brake Shoes

4.0 Hand Brake Net Shoe Force Tests

5.0 Tests O f Locomotive Brake System

5.1 Basic Braking R atio O f Locomotive

5.2 Net Shoe Force Tests

5.3 A ir Brake System Tests ,

5.4 Main Reservoir Pressure And Leakage

5.5 Brake Pipe Leakage Test

5.6 Brake Cylinder Equalization O r Independent Application A nd Release
Pipe Leakage <

5.7 Pressure Maintaining Capacity Test

5.8 Calibration Test For Brake Pipe Flowmeter

5.9 Equalizing Reservoir (ER ) Leakage

5.10 Service Brake Application And Release

5 .11 Emergency Application

5.12 Penalty Brake Application

5.13 Suppression O f Penalty Application

EQ U IPM EN T LIST

a. lea. Standard A A R  Single Car Test Device for Freight

b. as needed FS-5 Plugged Dummy Hose Coupling W ith D ouble #80 Choke

c. as needed LS-5 Plugged Dummy Coupling

d. 2ea. 0-160 psi o f 0-200 psi 3-1/2" Dia. A ir Brake Test A ir (Gauges

e. lea. 1/8" W ire Braided armored Hoses 18" Long

f. lea. Filling piece 1/16-3/32"

g- 2 sets Four Strain Gaged "JIM SHOES"

h. as needed Batteries

i. lea. Portable Bellofram  Adjustable Control A ir Valve

j- le a Hose 1/8" or 1/4" o f Am ple Size

k. 2ea. 3 Lb. Blacksmith Hammers

1. A ll Safety Equipment As Required By T T C

STATIC BRAKETESTING PROCEDURE 2



1.3 FIG U RE L IST

2.1 W elding Setup

1.4 TABLE LIST

None

1.5 R EFER EN CE L IST

P R K G  2100.... Truck Inspection Procedure

PK R G 3100.... Instrument Installation Procedure

M 1001.......  Manual of Standards and Recommended Practices,
Section C, Part II, Volume I, Chapter XI

T T C  Operation Rules for the Transportation Test Center, 
Pueblo, Colorado, A A R , November 1,1989.

Peacekeeper Rail Garrison Test Implementation Plan, (for 
appropriate test car), Chapter X I Testing

T T C  Safety Rule Book

A A R  Single Car Test Code (IP No. 5039-4 Sup. 1) 

Canadian Pacific Instructions and Methods

1.7 ATTACH M EN T LIST 

None

t
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NOTE

A ll personnel involved in the performance o f this procedure or 
observing the test(s) will comply with the T T C  Safety R ule Book.

2.0 C A R  A IR  AND HANDBRAKE SYSTEM

2.1 M aterial and Equipment Requirements

TASK " QANUMBER PROCEDURE INITIAL
2.1.1 IN  DATE Standard A A R  Single Car Test Device for Freight, com

plete with FS-5 FS-5 hose coupling with double #80 choke.

2.1.1.1 LS-5 dummy coupling, plugged, to insert at brake pipe hose at end 
car brake pipe hose coupling.

2.1.2 Two 0-160 psi or 0-200 psi 3-1/2" dia. A ir Brake Test air gauges
each attached to a 1/8" wire braided armored hoses approximately 
18" long with a very thin filling piece (1/16" - 3/32") to insert • ’ 
between brake cylinder pipe or reservoir pipe flange fitting and 
flange fitting mounting bracket, in order to read pressure in these 
pipes, see Figure 2.1.

STATIC BRAKE
TESTING PROCEDURE
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Figure 2.1 W eld Setup

2.1.3 One, preferably two, sets of four strain gaged "JIM SHOE". They 
are the type o f calibrated brake shoes for measuring actual brake 
shoe force during various applications o f the brakes. These sets 
should b e complete with electronic direct readout of brake shoe 
force.

2.1.4 N ew  batteries to be installed with spares available.

2.1.5 Portable Bellofram  adjustable control air valve with suitable air 
supply.

2.1.6 Delivery hoses (1/8" or 1/4" size) o f ample length to vary and
control brake cylinder pressure during calibrated shoe force tests.

.2.1.7 One, preferably two, 3-lb. Blacksmith’s hammers to perform rap
ping during calibrated brake shoe tests.

2.1.8 Currently effective copy o f A A R  Single Car Test Code booklet, IP 
No. 5039-4 Sup. 1. This is A A R  ST A N D A R D  S-486.

2.2 Single C ar Test O n Cars

TASK
NUMBER PROCEDURE
2.2.1 Install Test air gage filling piece and hose in brake cylinder pipe 

associated with each A B D W  control valve.

2.2.2 If car has two A B D W  control valves, one on each span bolster
controlling only the brake cylinders on the two four wheel trucks. 
Separate brake cylinders on the two four wheel trucks and separate 
brake pipe length into two sections, if possible, when testing for 
control valve performance.

STATIC BRAKE
TESTING PROCEDURE
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2.2.3 Measure the effective brake pipe length on the control valve being 
tested or use the complete run of brake pipe through car, measuring 
and recording the total length including end hose.

2.2.4 Cut out and drain the other A B D W  control valve, its auxiliary and 
emergency reservoirs.

2.2.5 Follow applicable tests in A A R  Single Car Test Code, IP No: 
5039-4 Sup. 1, Test 3.1.

2.2.6 Attach single car tester to the brake pipe end hose on the. car on 
which the control valve being tested is located.

2.2.7 Install plugged FS-5 dummy coupling at rear end or opposite end of 
brake pipe hose after determining that air is flowing freely from 
"rear end" with single car tester in # 1  or release position (A A R  
Single Car Test Code, IP No. 5039-4 Sup. 1), Test 3.1.3.

2.2.8 Cut out the operative A B D W  control valve, completely drain its 
reservoirs ana proceed with Test 3.2 to determine brake pipe 
leakage. " :;

2.2.9 If car does not pass this test, inspect complete length o f brake pipe 
and hoses using soap suds or acceptable leak detector fluid. Cor
rect leakage found.

2.2.10 If there are no detectable or significant leaks in the brake pipe,
angle cocks or hoses. Pull reservoir release rod and hold it open to 
see if  there is any air pressure in reservoirs. D o this for the first 
control valve and then for the other control valve. If there is 
pressure now it indicates a leaking 1" branch pipe cut put cock.

2.2.10.1 Change out 1" branch pipe cut out cock and dirt collector assembly 
as required with a new one or one known to be in good condition.

STATIC BRAKETESTING PROCEDURE 6



2.2.10.2 R epeat Test 3.2 to ensure BP leakage is satisfactory.

2.2.11 If car is equipped with an A - l  Reduction Relay Valve or an 
Em ergency Brake Pipe Vent perform A A R  Single Car Test 
Code, IP No. 5039-4 Sup. 1, Test 3.3.

2.3 Hand Brake Inspection

TASK
NUMBER PROCEDURE
2.3.1 Chock wheels so car will not roll.

2.3.2 Determ ine that shoes connected to handbrake release have effec
tive force on them.

2.3.3 R elease handbrake.

2.3.4 Check that the chain is "loose" but still is in line with sheave wheels 
and not jam  or foul when reapplied.

2.4 System Leakage Test

TASK
NUMBER PROCEDURE
2.4.1 Cut in A B D W  control valve on end nearest single car tester and 

allow to charge.

2.4.2 Leave other A B D W  control valve cut out with its reservoirs 
drained.

QAINITIAL
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2.4.3 Perform A A R  Single Car Test Code, IP No. 5039-4 Sup. 1, Test 3.5.

2.4.4 W hen test is satisfactory proceed with remainder o f applicable tests
-s on A B D W  control valve at this end of car.

2.5 Piston Travel And Rigging

TASKNUMBER PROCEDURE
2.5.1 Perform A A R  Single Car Test Code, IP No. 5039-4 Sup. 1, Test 3.6.

2.5.2 W hen making this test make service BP reduction carefully, noting , 
the brake pipe pressure at which service brake cylinder pressure 
(BCP) reaches its maximum. Record these values.

2.5.3 Brake cylinder pressure must be between 48 and 52 psi with reduc
tion made accurately, set and fully charged 70 psi in system.

2.5.4 Check piston travel on all brake cylinders controlled by this A B D W  
valve.

2.5.5 If brake cylinder pressure is outside the 48 to 52 psi range try 
resetting piston travel to bring B C P  within this range.

2.6 Minimum Application And Brake Cylinder Leakage And Slow Release

TASK
NUMBER PROCEDURE
2.6.1 Perform  A A R  Single Car Test Code, IP No. 5039-4 Sup. 1, Tests 3.7 

and 3.8 in accordance with the effective BP length on the car.

STATIC BRAKETESTING PROCEDURE
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2 .6.2 Following successful passing of Test 3.7 and 3.8 recharge the equip
ment.

r  2.6.3 M ake approximately 10 psi BP reduction by reducing the setting o f 
the reducing valve on the single car test device.

2.6.4 N ote brake cylinder and brake pipe pressure and monitor this for 10 
minuets. Pipe pressure should remain steady.

2.6.5: Increase in B C P  over appx. 2 psi and particularly if  it is a steady 
rise, which may mean there is brake pipe pressure leaking into 
brake cylinder, probably past quick service limiting valve "O" rings 
in the service portion.

2 .6.6 I f brake pipe pressure leaking occurs, the service portion will have 
to be changed out and a new or C O T D  portion applied.

2 .6.8 I f there is brake pressure leaking recharge equipment and repeat 
i Tests 3.5, 3.6, 3.7 and 3.8.

2 .7  S ervice S tab ility , E m ergency, R elease A fter Em ergency ABDW  
A p p lica tio n  A nd M an u al R elease V alve T ests

TASK QANUMBER PROCEDURE INITIAL
2.7.1 ;r Perform  The following Test(s): Service Stability, Emergency, 

R elease A fter Emergency A B D W  Application and Manual R elease 
V alve as per A A R  Single Car Test Code, IP No. 5039-4 Sup. 1.
1 .

2.7.2 Record the emergency equalization pressure and the piston travel 
at each brake cylinder.

STATIC BRAKETESTING PROCEDURE
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2.8 Tests On Second ABDW  Control Valve (If Equipped)

TASK QANUMBER PROCEDURE INITIAL
2.8.1 O n car equipped with a second A B D W  valve and second set of

brake cylinders cut out the first control valve previously tested and 
drain its reservoirs completely.

2.8.2 Cut in the second A B D W  on the span bolster at other end of car.

NOTE

It will not be necessary to preform the BP leakage test 
or auxiliary brake pipe reduction device tests if the 

complete BP was previously tested.

2.8.3 Repeat Sections 2.4 - 2.7.

3.0 NET SH OE FO R CE TESTS W ITH CALIBRATED BR AKE SHOES

TASK ' QANUMBER PROCEDURE INITIAL
3.0.1 Arrange to introduce pressure into brake cylinder pipe indepen

dently from the A B D W  control valve(s).

3.0.2 A  thin piece of shim stock should be used to blank off the brake
cylinder pipe (#3 port) at the A B  pipe bracket.

3.0.2 The bellofram adjustable reducing valve should be connected to the 
single car tester supply line and the delivery hose into the tee under 
the test air gage hose assembly. The supply pressure should be 90 
to 100 psi.

STATIC BRAKETESTING PROCEDURE 10



3.0.3 Rem ove brake shoes and install a;■ "JIM SHOE" in each brake head 
key bridge.

3.0.4 Follow "JIM SHOES" instruction for zeroing and calibrating the 
circuits o f the electronic readout device.•s'

3.0.5 M ake actual ("net") shoe force readings at the following pressures, 
set with the Bellofram  adjustable reducing valve:

i .

* 10 psi, 20 psi, 30 psi and 40 psi actual service equaliza
tion pressure from 70 psi, 80 psi and 80 psi.

‘V - ' ; ■ n o t e ;; "

D o  not back off or reduce pressure if  actual 
turns out a psi or too different from that desired.

U se the pressure attained such as 22 or 43 psi and make 
all force reading at this particular pressure.

3.0.6 M ake a full set o f pressure and force readings with the rigging at 
each trupk rapped with the 3-lb blacksmith’s hammer.

3.0.7 Hit each pin or clevis joint on each side of brake beam  not more 
than three times.

3.0.8 Following this release of BCP, reapply to the specific service equal
ization pressure previously determined and make accrual force 
readings without rapping the rigging.

3.0.9 Calculate the efficiency of the rigging on each truck and the Net
Braking R atio (NBR) of the service equalization pressure at 50 psi.

STATIC BRAKE
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N O TE

These overall values @ 50 psi on the total gross weight 
of the car should not be over 10%  and must not be less than 
6.5%. A t empty weight of the car the N B R  must not exceed

30% @ 50 psi.

4.0 HAND BRAKE N ET SH OE FO R CE TESTS

TASKNUMBER PROCEDURE
4.0.1 Install suitable load cell or Strain Sert pin, preferably in the vertical 

chain coming down out of the geared hand brake or the closest 
horizontal chain.

4.0.2 Install Strain Sert pins at the delivery end pin o f each TM B  hand 
brake lever (Ellcon National) or the hand brake clevis connection 
to the B C  push rod Thrall TM B.

4.0.3 Apply geared hand brake to its specified vertical chain force or 
slightly above if exact force cannot be obtained.

4.0.4 M ake net shoe force reading on each "JIM SHOE":

1. Without rapping rigging.

2. With rapping reading.

4.0.5 If force is above specified vertical chain force release and reapply to
a force somewhat less and repeat Steps 4.0.3 - 4.0.4

4.0.6 Handbrake net braking ratio must be a minimum of 11%  of the
gross rail load o f the complete vehicle. Preferably the empty weight 
net braking ratio should not be more than 50% of the empty weight 
on the handbrake trucks.

QAINITIAL

STATIC BRAKETESTING PROCEDURE
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5.0 TESTS OF LOCOMOTIVE BRAKE SYSTEM

5.1 Basic Braking Ratio O f Locomotive

TASKNUMBER PROCEDURE QAINITIAL
5.1.1 Determine the leverage ratio associated with each brake cylin

der.

5.1.2 Determine the size of each brake cylinder.

5.1.3 Check lever lengths and compare with locomotive builder rec
ommendations/specifications.

5.1.4 The above Step 5.1.2 may require removing and measuring one 
truck side set o f levers. Then hopefully comparative outside 
measuring points can be found so that the others can be 
checked.

5.1.5 The condition of the pins and bushings should be carefully 
inspected on the locations where parts are removed.

5.1.6 W orn or broken pins and bushings should be replaced in the 
truck frame, levers and brake head assemblies.

5.1.7 Apply independent brake making sure that all shoes are line up 
with and contact the normal tread of each wheel.

5.1.8 If a shoe overhangs the outside rim of a wheel, release brake 
and push rigging laterally to determine if pins and bushings are 
worn. Rem edy the situation.

STATIC BRAKETESTING PROCEDURE 13



C A U TIO N

Overhanging shoes are a Federal defect.*

5.1.9 With the weight o f locomotive known, either light, with fuel or 
with supplies ready to run, calculate the gross braking ratio o f' 
the locomotive @ 50 psi.

5.1.10 If locomotive is equipped with a J-l.6-16 brake cylinder relay, 
calculate gross braking ratio at 80 psi B C P  and for independent 
brake at 50 psi Independent and Release Pipe pressure.

N O TE

Normally these should be in the range of 26-28% @ 80 
psi with A A R  high friction composition shoes.

5.2 Net Shoe Force Tests

QAINITIAL
5.2.1 With rigging installed and operable with independent brake valve, 

remove brake shoes and install calibrated "JIM SHOES" at the 
location controlled by each brake cylinder on the truck.

5.2.2 M ake actual or net shoe force reading each 10 psi up to 80 psi With 
rigging rapped.

5.2.3 M ake unrapped tests at 30, 50 and 80 psi.

5.2.4 Calculate rigging efficiency and determine net braking ratios.

TASKNUMBER PROCEDURE
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5.2.5 O n front truck or that equipped with handbrake, arrange to install 
Strain Sert pin or load cell preferably in vertical chain and apply 
handbrake to manufactures specified force.

•*>

5.2.6

A

M ake "JIM SH OE" reading of actual shoe force at each shoe 
operated by the handbrake mechanism. D O  N O T  rap the rigging.

5.2.7 Calculate net braking ratio.

5.3 A ir Brake System Tests

TASK QANUMBER PROCEDURE INITIAL
5.3.1 Ensure that all cab air gages are checked and meet master air gauge 

within + or - psi.

5.4 M ain Reservoir Pressures And Leakage

TASK QANUMBER PROCEDURE INITIAL
5.4.1 Partially open main reservoir (MR) drain cock in 2nd main reser

voir and note the pressure where the Compressor Control Switch 
(CCS) causes the air compressor to "cut-in" and start pumping. This 
should b e between 125 and 130 psi. Note the pressure where the 
C CS causes the air compressor to "cut out" and stop pumping at 
between 135 and 145 psi.

5.4.2
'41

Install LS-5 plugged dummy coupling at front and rear M R  hose 
couplings.

<« 5.4.3 O pen M R  cut out cocks (usually reachable through end steps).

STATIC BRAKE 15
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5.4.4 Close M R  drain cock tightly and deactivate automatic drain valves.

5.4.5 Close M R cut out cock leading to brake equipment, generally
downstream from air filter. r

5.4.6 W hen compressor next cuts out, stop the diesel engine.

5.4.7 Measure the amount of M R  pressure drop for three minutes. Maxi
mum allowed pressure drop is 9 psi or 3 psi per minute average. If 
greater than this locate source (s) of leakage and eliminate.

5.4.8 Restart engine and repeat Steps 5.4.2 - 5.4.7.

5.4.9 Close M R  cut out cocks at front and rear.

5.4.10 Rem ove LS-5 Dummy Couplings.

5.4.11 Restart engine and continue with tests.

5.5 Brake Pipe Leakage Test

TASKNUMBER PROCEDURE
5.5.1 Install FS-5 dummy couplings in front and rear BP end hose cou

pling.

5.5.2 Open angle cocks or 1-1/4" cut out cocks (reachable through end 
steps).

QAINITIAL
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5.5.3 Check and set 26-C automatic brake valve (A B V ) B P regulating 
valves if  necessary to 90 psi as read on BP cab air gauge.

5.5.4 A llow  time for BP pressure to readjust and close the cut out cock in 
branch pipe leading to 26-F control valve (under floor).

5.5.5 Cut out 26-C A B V .

5.5.6 W ait a  few minutes and then check BP pressure drop for 3 minutes.

N O TE

B P leakage rate must not exceed 3 psi in one minute. 
If leakage exceeds this rate, locate source(s) and repair. 

Repeat Steps 5.5.1 - 5.5.6.

5.5.7 "Cut In" 26-C A B V  and open branch pipe cut out cock leading to 
26-F control valve.

5.5.8 Close angle cocks or 1-1/4" BP cut out cocks and remove LS-5 
dummy couplings from front and rear BP end hoses.

5.6 Brake Cylinder Equalization O r Independent Application And Release 
Pipe Leakage

TASK QA
NUMBER PROCEDURE INITIAL
5.6.1 Install HS-2 plugged Dummy couplings, one with test air gauge to

front and rear B C  air hose couplings and then open 1/2" B C  line cut 
out cocks at front and rear.

5.6.2 Apply Independent Brake Valve (IND) to maximum.

STATIC BRAKETESTING PROCEDURE
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5.6.3 Adjust pressure to read 80 psi on cab air gauge, if  necessary,
allowing time for pressure to adjust. B C  test air gauge should read 
appx. 50 psi.

5.6.4 Close the "double ported M U  cut out cock" or place M U -2A  valve 
in Trail position.

5.6.5 Check leakage for three minutes, rate should not exceed 5 psi per 
minute.

5.6.6 Close end B C  cut out cocks, remove dummy couplings, open double 
ported cut out cock or place M U  valve in Lead position.

5.7 Pressure M aintaining Capacity Test

TASK
NUMBER PROCEDURE

5.7.1 Install special pressure maintaining dummy coupling on coupling o f 
rear BP hose.

5.7.2 Open adjacent angle cock or 1-1/4" cut out cock under front steps.

N O T E

In cab it may be necessary to increase engine speed to 
hold 90 psi BP setting on cab air gauge against flow out of 

the 3/16" orifice. 90 psi must be maintained against the orifice.

5.7.3 Close 1-1/4" BP cut out cock and remove test dummy coupling.

QA
IN ITIAL
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5.8 Calibration Test For Brake Pipe Flowmeter

TASK QA
NUMBER___________________________ PROCEDURE_______________________________ IN IT IA L

5.8.1 If locomotive is so equipped, follow instructions of the manufac
turer o f the flowmeter to properly calibrate or check calibration of 
the particular flowmeter. See Canadian Pacific Instructions and 
M ethod for the W A B C O  B -l Flowmeter and the W A B C O .

5.9 Equalizing Reservoir (ER) Leakage

TASK QA
NUMBER________________________  PROCEDURE_______________________________ IN IT IA L

5.9.1 M ake Approximately a 10 psi E R  and BP reduction with 26-C A B V , 
then place B V  cut off valve in "O U T' position.

5.9.2 1  E R  pressure should show no leakage for a  period of one minute.

5.9.3 Correct any leakage found and repeat Steps 5.9.1 - 5.9.2.

5.10 Service Brake Application And Release

TASK QA
NUMBER_________ ______________ PROCEDURE __________  IN IT IA L

5.10.1 M ove 26-C A B V  handle to minimum reduction position.

NOTE
The equalizing reservoir and brake pipe should respond 

and drop appx. 6 to 8 psi. Also brake cylinder pressure should
respond.

STATIC B R A K E
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5.10.2

5.10.3

5.10.4

5.10.5

5.10.6

5.10.7

5.10.8

5.10.9

5.10.10

Depress IND handle and B C  pressure must exhaust to atmosphere.

R elease and recharge.

M ove 26-C A B V  into service zone making approximately a 10 psi 
reduction, note brake responds.

Increase BP reduction in two or three appx. 2 psi steps and note 
brake cylinder pressure increases.

M ove to the right hand end of the service quadrant, note E R  and 
B P reduction increases to appx. 24-26 psi.

N O T E

Brake cylinder pressure should have increased to the 
setting of the service limiting valve in the 26-F control 

valve which should nominally be 60 psi maximum.

M ove to the next notch or Suppression Position and then partly into 
the overreduction quadrant noting the E R  and BP pressure reduce 
further from the 24-26 psi in effect in suppression position and that 
there is no increase in B C  pressure.

M ove the automatic brake valve handle to the left past suppression 
and into the service quadrant to about the position of a 10 psi 
reduction. Note the E R  and B C  pressure do not increase and B C  
pressure holds steady.

M ove the A B V  handle further left to release position. Note that 
the E R  and BP pressures rise to 90 psi and B C  pressure exhausts 
completely.

R elease and recharge.

1
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5.11 Emergency Application

TASK
NUMBER PROCEDURE

5.11.1 From  engineman’s brake valves. With system fully charged, 
quickly move 26-C A B V  handle to far right of Emergency 
Position. Note that "PC" light illuminates, BP pressure 
quickly reduces to zero and that E R  pressure steadily reduces 
to zero.

5.11.1.1 B C  pressure should quickly rise to appx. 75 psi. Record B C  
pressure.

5.11.1.2 Power and dynamic brake are nullified.

5.11.1.4 R elease and recharge brake system.

5.11.2 From  other side of cab emergency brake valve. With system 
fully charged and 26-C A B V  m release position, quickly open 
the 1-1/4" Emergency Brake Valve.

5.11.2.1 Check that BP quickly drops to zero, 26-C A B V  is cut off 
from suppling BP pressure and P C  light illuminates after 
26-C A B V  is moved to emergency position.

5.11.2.2 Tim ed sanding may operate if locomotive is equipped. This 
indicates that the A - l  charging cut off pilot valve is operat
ing; timed sanding may also operate, i f  locomotive is so 
equipped. Power and dynamic brake are nullified.

5.11.3 From  train brake pipe emergency. With system fully charged 
and 25 A B V  in release position, quickly open the rear end 
angle or B P  cut out cock. Note that BP quickly reduces to 
zero, B C  pressure quickly builds up to normal emergency B C  
pressure and P C  light illuminates.

QA
IN IT IA L
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5.12 Penalty Brake Application

TASK QA
NUMBER___________________________ PROCEDURE_______________________________ IN IT IA L

5.12.1 W ith system fully charged and 26-A B V  in release position, lift or 
release foot pressure from the foot pedal.

5.12.2 A fter 4 to 6 seconds and warning signal, note that penalty applica
tion results and produces appx. 24-26 psi BP reduction and brake 
cylinder pressure builds up to appx. 60 psi.

5.12.3 Place 26-C A B V  handle in suppression position and wait appx. 1 
minute.

2.12.4 M ove A B V  handle to release position and note that penalty appli
cation is reduced to zero. This indicates proper operation of the 
P-2-A brake application valve.

5.13 Suppression O f Penalty Application

TASK QA
NUMBER PROCEDURE IN IT IA L

5.13.1 Apply independent to about 10 psi BCP, release foot pedal and
note alarm sounds, quickly increase pressure to above 25 psi, note 
alarm silences and no penalty application results.

STATIC B R A K E
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