
u.s. Department
of Transportation

Federal Railroad
Administration

Office of Research and
Development
Washington, DC 20590

PB9221970B~.

/11111111111111/11111 1I11IIIIII

Peacekeeper Rail Garrison
Test of Launch Control
Car EMS·2

Robert Martin

Association of American Railroads
Transportation Test Center
Pueblo, CO 81001

DOT/FRNORD-92/19 September 1991 This document is available to the
Public through the National
Technical Information Services
Springfield, Virginia 22161



· DISCLAIMER

This document is disseminated under the sponsorship of the Department of Transpor­

tation in the interest of information exchange. The United States Government assumes

no liability for the contents or use thereof. The United States Government does not

endorse products or manufacturers. Trade or manufacturers' names appear herein solely

because they are considered essential to the object of this report.



1. Report N~, 2/- - - .~ 3. Recipient's Catalog No.\

I PB92-219108 I
DOT/FRA/ORD- S2/19 \ )

"- -- ---"

4. Title and Subtitle 5. Report Date

PEACEKEEPER RAIL GARRISON ., September 1991
TEST OF LCC LAUNCH CAR, EMS-2

6. Perlorming ,Organization

7. Authors Association of American Railroads

Robert Martin 8. Performing Organization Report No,

9. Perlorming Organization Name and Address 10. Work Unit No.

Association of American Railroads 11. Contract or Grant No.
Transportation Test Center
P.O. Box 11130
Pueblo, CO 81001

DTFR53-82-C-00282
Task Order 40

12. Sponsoring Agency Name and Address 13. Type of Report or Period Covered

U.S. Department of Transportation
F1ederal Railroad Administration
Washington, D.C. 20590

14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

~ Tests were performed on the Peacekeeper Rail Garrison Launch Control Car(LCC), EMS-2 according to specifications
in ChapterXI ofthe AAR's, Manual ofStandards and RecommendedPractices. Thetests included vehicle characterization,
service worthiness, and track worthiness. These tests address vehicle safetypertormance for freight equipment. The
primary measurement of safety as described in Chapter XI is the ratio of lateral to vertical wheel force (LjV ratio). No
examination of ride comfort is addressed.

;:::o---Tlie,J.CC encountered high LjV's in the bunched spiral and standard spiral. The LCC performed within the Chapter XI
95~'percentile; however, several high short duration LjV's did occur and the car was not tested at speeds above balance
in sharp curves at the direction of the Air Force. TheLCC also encountered hi9h LfV's on the Dynamic Curving Test.
The Il.CC became unstable above 55 mph, bU1 hunting was not sustained as defined by Chapter XI. Vehicle motions at
55 mph are likely to be a source of passenger discomfort.

The tCC performed satisfactorily in the Pitch and Bounce Test and the Twist and Roll Test. The LCC also performed well
in the Yaw and Sway Test. Post-test modeling should be performed to examine car performance with possible design
changes. ~ '.

17. KeyWords 18. Distribution Statement

Vehicle Characterization This document is available through
Modal Response National Technical Information Service
Track Worthiness Springfield, VA 22161

19. Security Classification (of the report) 20. Security Classification (of this page) 121. No. of Pages 122. Price

UNCLASSIFIED UNCLASSIFIED

Form DOT'F 1700.7 (8-72)





Table of Contents .
Executive Summary ; x

1.0 INTRODUCTION ~ 1

2.0 OBJECTIVE 2

3.0 'TEST DESCRIPTION 3

3.1 VEHICLE CHARAC'TERIZATION 3

3.1.1 Truck Characterization 3

3.1.2 Modal Characterization 3

3.2 SERVICE WORTHINESS 4

3.2.1 Single Car Impact Test 4

3.2.2 Compressive End Load Test 4

3.2.3 Jacking Test 4

3.2.4 Curve Stability Test 4

3.3 TRACK WORlliINESS 5

3.3.1 High Speed Stability Test .-......... 5

3.3.2 Constant Curving Test 5

3.3.3 Curve Entry and Curve Exit Test 6

3.3.4 Pitch and Bounce Test 6

3.3.5 Twist and Roll Test 6

3.3.6 Dynamic Curvil).g Test 6

3.3.7 Turnout and Crossover Test 6

3.3.8 Yaw and Sway Test 1
3.4 STATIC BRAKE TEST 7

4.0 TEST PROCEDURES 8

4.1 VEHICLE CHARACTERIZATION 8

4.1.1 Truck Characterization Procedures 8

4.1.1.1 Vertical Stiffness and Damping Procedures 11

4.1.1.2 Roll Stiffness and Damping Procedures 11

4.1.1.3 Lateral Stiffness an4 Damping Procedures 11

4.1.1.4 Span Bolster Yaw Moment Procedures 11

4.1.1.5 Truck Yaw Moment Procedures 13

4.1.1.6 Axle Alignment Procedure 15

4.1.1.7 Truck Longitudinal Stiffness Procedure 17

4.1.1.8 Truck Inter-Axle Yaw and Bending Procedure 17

ii



4.1.1.9 Inter-Axle Shear Procequre 18

4.1.2 Modal Response Procedures .~~ : 20

4.1.2.1 Rigid Body Vertical Proc~dure ~ 22

4.1.2.2 Rigid Body Roll Procedure 22
.. ,

4.1.2.3 Flexible Body Verti~al Procedure ....•....................: 22

4.1.2.4 Flexible Body Twist Pr()cedure ~ 22

4.1.2.5 Rigid Body Lateral Procedure ; ~ 22

4.1.2.6 Flexible Body Lateral Procedure 23

4.2 SERVICE WORTHINESS 23
, ' .. " '" , ,

4.2.1 Single Car Impact Procedure : 23

4.2.2 Compressive End Load Procedure 24
, . . ..

4.2.3 Jacking Procedure : ~ : 24

4.2.4 Curve Stability Procedur~ 25

4.3 TRACK WORTHINESS ; ,'.; .• ; : 25

4.3.1 High Speed Stability Procedure 28

4.3.2 Constant Curving Procedur~ , ~ : 29
. .

4.3.3 Curve Exit and Curve Entry Procedure 30

4.3.4 Pitch and Bounce Procedure ~ 30

4.3.5 Twist and Roll Procedure ; 31 .

4.3.6 Dynamic Curving Procedure ..: : 32
:, /

4.3.7 Turnout and Crossover Procedure : : 33

4.3.8 Yaw and Sway Procedure 34

4.4 STATIC BRAKE TEST PROCEDURE ; :. 36

5.0 MATERIALS AND INSTRUMENTATION ; 37

5.1 TEST VEHICLES : ,.. 37

5.1.1 Launch Control Car Description : 37

5.1.2 Instrumentation Car Description ~,.. , 40

5.1.3 Locomotive Description : 40

5.1.4 Buffer Cars 40
• < •

5.1.5 Test Train Configuration : : : " ~ ~ 40

5.2 VEHICLE CHARACTERIZATI9N I1'J"STRUMENTATION ..: 41

5.2.1 Quasi-Static Truck Characterization Instrumentation ; 41

5.2.2 Static Truck Characterization Instrumentation ; 44
. . " 1',;;,""

5.2.3 Modal Response Instrumentation : : ~ ; 47

iii



5.3 SERVICE WORTHINESS-INSTRUMENTATION ' : 55

5.3.1 Single Car Impact Instrumentation : : 55
, ,

5.3.2 Compressive End Load Instrumentation 57

'5.3.3 Jacking Instrumentation : : 62

,5.3.4 Curve Stability Instrumentatioll : 62

5.4 TRACK WORTHINESS INSTRUMENTATION 64
,

5.4.1 Instrumented Wheel Sets - ; 64

5.4.2 Lateral Accelerometers :.. ; ~ 66

5.4.3 Roll Gyros ' .-. 67

, 5.4.4 Additional Measurements : : :.. 67

, 5.4.5 Data Acquisition System (DAS) : 74

: 5.4.6 Chart Recorders : 74

5.4.7 Video System 74

5.5 STATIC BRAKE TEST INSTRUMENTATION ' 74

6.0 RESULTS : 75

6.1 VEHICLE CHARACTERIZATION RESULTS 75

i 6.1.1 Quasi-Static Truck Characterization Results 75"

.' 6.1.2 Static Truck Characterization Results :......................... 80

6.1.2.1 Span Bolster Yaw Moment Results 80

6.1.2.2 Truck Yaw Moment Results ,.. 81
,-

6.1.2.3 Axle Alignment Results ~:..................................................83

6.1.2.4 Longitudinal Stiffness Results 85

6.1.2.5 Axle Yaw and Inter-AXle Bending Stiffness Results 90

6.1;2.6 -Inter-Axle Shear Stiffness Results :................................... 92

6.1.3 Modal Response Results :............. 94

6.1.3.1 Rigid Body Vertical and Roll Results 95

6.1.3.2 Flexible Body Vertical Results 97

6.1.3~3 Flexible Body Torsion Results 100

6.1.3.4 Rigid -Body Lateral Results 102

6.1.3.5 Flexible-Body Lateral Results 103

6.1.4' VehiCle Characterization Results Summary ~ ;................ 106

6.2 SERVICE WORTHINESS RESULTS : 107

6.2.1 Single Car Impact Results 107

6.2.2 Compressive End Load Results ': : : 109

6.2.3 Curve Stability Results 109

iv



6.3 TRACK WORTHINESS RESULTS 109

.6.3.1 High Speed Stability Results ;; ~ ; 110

6.3.2 Constant Curving Results ~ ~ 112

6.3.3 Curve Exit and Curve Entry Results 117

6.3.4 Pitch and Bounce Results 120

6.3.5 Twist and Roll Results 122

6.3.6 Dynamic Curving Results 126

63.7 Turnout and Crossover Results 129

6.3.8 Yaw and Sway Results .......;...................................................................... 130

6.3.9 Track Worthiness Results Summary 132

6.4 STATIC BRAKETEST RESULTS 133

6.4.1 Single Car Test 133

6.4.2 Net Shoe Force Test '.......................................................................... 133

6.4.3 Handbrake Net Shoe Force Test 135

7.0 CONCLUSIONS 1'37

8.0 RECOMMENDATIONS 141

Appendix A Chapter XI ,., 142

Appendix B Static Brake Test Plan 169

y



Table of Figures

Figure 4.1 MSU in the Vertical Configuration 9

Figure 4.2 MSU in the Lateral Configuration 9

Figure 4.3 Air Bearing Table 10

Figure 4.4 Span Bolster Yaw Moment Test Setup 12

Figure 4.5 LCC on Air Table : ~.............. 13

Figure 4.6 Truck Yaw Moment Test Setup 14

Figure 4.7 Axle Alignment Test Setup 15

Figure 4.8 Axle Alignment Test 16

Figure 4.9 Truck Longitudinal Stiffness Test Setup 17

figure 4.10 Inter-axle Shear Test 18

Figure 4.11 Inter-axle Shear Test Setup ~ 19

Figure 4.12 LCC Modal Attachment Fixture ~ 20

Figure 4.13 LCC Being Placed on the MSU 21

Figure 4.14 Single Car Impact Test Setup 23

Figure 4.15 Compressive End Load Test Setup 24 .

Figure 4.16 Curve Stability Test Setup ; ~ 25

Figure 4.17 Track Location Diagram 26

Figure 4.18 Instrumented Wheel Set Locations : 27

Figure 4.19 Hunting Test Track : 28

Figure 4.20 Constant Curving Test Facility 29

Figure 4.21 Pitch and Bounce Test Facility 30

Figure 4.22 Twist and Roll Test Facility 31

Figure 4.23 Dynamic Curving Test Facility 32

Figure 4.24 Turnout and Crossover Test Facilities .: 33

Figure 4.25 Instrumented Wheel Set Locations 34

Figure 4.26 Yaw and Sway Test Facility 35

Figure 4.28 Static Brake Test Setup 36

Figure 5.1 Launch Control Car 37

Figure 5.2 LCC Span Bolster And Truck 38
\

Figure 5.3 Standard LCC Truck 39

Figure 5.4 Standard Test Train Configuration 40

Figure 5.5 Spring Nest Vertical Displacement Transducer 42

Figure 5.6 Instrumented Rails ~.. 43

Figure 5.7 Air Table Force Transducer 45

vi



Figure 5.8 Air Table Displacement Transducer , 46

Figure 5.9 MSU in the Lateral Test Configuration 47

Figure 5.10 Car Body to Ground Displacement Transducer 48

Figure5.11 Car Body Displacement Locations· : 49

Figure 5.12 Two Car Body Accelerometer ~ 50

Figure 5.13 Car Body Accelerometer Locations , 51

Figure 5.14 Instrumented Coupler '.' :.. : : 55

Figure 5:15 Impact Tachometer 56

Figure 5.16 Squeeze Fixture at TIC ; :.; 57

Figure 5.17 Squeeze Fixture Actuator , ;.: : 58

Figure 5.18 Squeeze Fixture Force Transducer' ; , 59

Figure 5.19 Two Strain Gages : : 60

Figure 5.20 Curve Stability Instrumented Coupler : 62

Figure 5.21 Curve Stability Wheel Lift Gage ' ~ : 63

Figure 5.22 Cable Connections to an IITRIInstrumented WheeISet 65

Figure 5.23 Lateral Accelerometer on A-end of LCC : 66

Figure 6.1 Force vs. Displacement Plot : ; ; 76

Figure 6.2 Force vs. Displacement SpanBol~terMoment Test ;........................ 80-

Figure 6.3 Force vs. Displacement for Actuator 1 , 81

Figure 6.4 Force vs. Displacement for ACtuator 2 ;.................. 82

Figure 6.5 Axle Alignment Measlirements ..;..';............................................................... 83

Figure 6.6 Longitudinal Stiffness Theory ; ; : ; ~............................... 85

Figure 6.7 Right Truck Side Longitudinal Stiffness Plot 86

Figure 6.8 Left Truck Side Longitudinal Stiffness Plot : ;............... 86

Figure 6.9 Longitudinal Stiffness Scatter : :............. 88

Figure 6.10 Axle Box Longitudinal Stiffness Profile ; 89

Figure 6.11 Axle Yaw Stiffness Theory 90

Figure 6.12 Axle Yaw Stiffness Scatter Plot , : 92

Figure 6.13 Shear Force verses Displacement ; ~ 93

Figure 6.14 Pitch and Bounce Transfer Function 95

Figure 6.15 Roll Mode Phase Relationships 96

Figure 6.16 Pitch and Bounce Phase Relationships 96

Figure 6.17 Transfer Function of AZ08 verses VAFI 97

Figure 6.18 Vertical Bending Phase Relationship 98

Figure 6.19 Upward Vertical Bending Shape 99

:vii



Figure 6.20 Downward Vertical Bending Shape 99

Figure 6.21 Transfer Function Showing Twist. 100

Figure 6.22 Twist Phase Relationships 101

Figure 6.23 LCC Twist Mode 101

Figure 6.24 A-end Lateral Carbody Displacement Plot 102

Figure 6.25 Yaw and Upper Center Roll Phase Relationships 103

Figure 6.26 Mid Car Lateral Acceleration Transfer Function 104

Figure 6.27 Lateral Bending Phase Relationships 104

Figure 6.28 Left Bending Shape of the LCC 105

Figure 6.29 Right Bending Shape of the LCC : ~ 105

Figure 6.30 B-end Lateral Acceleration Time, History 111

Figure 6.31 Time History for Wheel L/V in 7.5-Degree Curve 114

Figure 6.32 Time History for 12-Degree Curve 115

Figure 6.33 95th Percentile Wheel L/V's for the 12 Degree Curve 116

Figure 6.34 95th Percentile Axle Sum L/V's for· the 12 Degree Curve 116

Figure 6.35. LCC Bunched Spiral Wheel L/V Results 119

Figure 6.36 Pitch and Bounce Test Results ; 121

Figure 6.37 Twist and Roll Minimum Vertical Wheei 123

Figure 6.38 Twist and Roll Actual verses Predicted 124

Figure 6.39 Twist and Roll Axle Sum L/V Actual verses Prediction 125

Figure 6.40 Dynamic Curving Axle Sum L/V Time Plot 128

Figure 6.41 Yaw and Sway Axle Sum L/V Results 131

Figure 6.42 Yaw and Sway Truck Side L/V Results 131

Figure 6.43 Net Shoe Force Test Results 134

Figure 6.44 Handbrake Test Results 136

viii



Tables

Table 5.1 Truck Characterization Measurements .. ~: 41

Table 5.2 Air Table Measurements : 44,

Table 5.3 Modal Response Measurements : : 52

Table 5.4 Impact Test Measurements ~ .' 56

Table 5.5 Compressive End Load TestMe~surement : 61

Table 5.6 Curve Stability Insturmentation .., c' ; 64

Table 5.7 AAR Chapter XI Measurements , 68.

Table 5.8 Rockwell International Measurments : ~ 70

Table 5.9 Wheel Set Preprocessed Measurements 72 .

Table 6.1 Test Runs Chosen for Data Analysis : 77

Table 6.2 Average Vertical Spring Rate and Damping ; ; .78

Table 6.3 Average Roll Spring Rates ; 79

Table 6.4 Average Lateral Spring Rates and Damping : 79

Table 6.5 Axle Alignment Results ~ : ~ :..................... 84

Table 6.6 Truck Side Longitudinal Stiffne~s Measurements ;...... 87.··

Table 6.7 NUCARS Lookup Table for Axle Box Longitudinal Stiffness 89

Table 6.8 Axle Yaw Stiffness Summary Sheet 91

Table 6.9 LCC Modal 'Test Log : : ,~ 94

Table. 6.10 Air Bearing and Modal Results Summary :.................. 106

Table 6.11 Lce Impact Results :; ; :: ; ~.: ; ~~ 108·

. Table 6.12 tce Hunting Results ;; ; ; ; 110

Table 6.13 Constant Curving Speeds ;........................................................ 112

Table 6.14 LCe 4 Degree Curving Results ; : 112 .

Table 6.15 LCC 7.5-Degree Curving Results ; 113

Table 6.16 LCC 12-Degree Curving Results : : 114

Table 6.17 7.5 Degree Curve Entry and Exit Results ; ~~ .. ; ; 118

Table 6.18 12 Degree Spiral Negotiation Summary ; ; ::' :...... 118

Table 6.19 Pitch and Bounce Test Results :.. ; 120

Table 6.20 Twist and Roll Results , : : ; 122

Table 6.21 Dynamic Curving Results : ;...... 127

Table 6.22 Turnout and Crossover Results ;.; : :............... 129

Table 6.23 Yaw and Sway results ::; ;....... 130. .

Table 6.24 LCC Net Braking Ratio Summary 135

ix



EXECUTIVE SUMMARY

The Association of American Railroads (AAR), Transportation Test Center (TIC),

Pueblo, Colorado, was contracted by the Federal Railroad Administration (FRA) to per­

form vehicle performance tests on the Peacekeeper Rail Garrison (pI\Rd) rail cars

according to specifi~ations in Chapter XI, of the AAR's, M-1001, Manual of Standards and

Recommended Practices (Appendix A). Chapter XI represents a realistic but severe envi­

ronment for freight cars.

These tests include rail car service worthiness, rail car track worthiness, static and

quasi-static truck characterization, and vehicle dynamic characterization.

The second of the PKRG cars to be tested at TIC was the Launch Control Car

(LCC). 'The LCC will carry launch control equip-ment and personnel. It is an eight axle rail

car with a design weight not to exceed 400,000 pounds. The car uses two standard Buckeye

lOO-ton design span bolsters. The actual car tested was an EMS-2 (Engineering Mass Sim­

ulator). This car utilized steel containers that held sand bags to simulate the weight and

center of gravity of the LCe.

Objective

The objective ofthis test program was to provide a data base of vehicle performance for

the LCC as operated over a severe but realistic freight railroad environment. The data

base will assist the Air Force in deterinining the suitability of the LCC design for PKRG.

To achieve this objective the following tests were performed to examine the vehicle

dynamic performance (track worthiness) of the LCC, EMS-2.

High Speed Stability (Hunting)

Constant Curving

Curve Entry and Curve Exit

Pitch and Bounce

Twist and Roll

Dynamic Curving

Turnouts and Crossovers

Yaw and Sway



A set of tests was also performed to evaluate the service worthiness or structural

adequacy of the LCC, EMS-2. These tests included:

Single Car Impact

Compressive End Load

Jacking ~tability Test

Curve Stability Test

Tests to measure the static and quasi-static suspension characteristiCs of four IOO-ton

conventional three piece trucks that will be used under the LCC, EMS-2 were performed.

These parameters are required as input for the AAR developed mathematical model New

and Untried Car Analytical Regime Simulator (NUCARS) used to predi~t rail;car per­

formance.

Another series of tests were performed to measure the modal parameters of the LCC,
, , ,

EMS-2. These parameters are also used as a comparison wi~h-the.Il1athematicalmodel

(NUCARS) used to predict rail car performance. The modal parameters included:
. . , "

Pitch ,Vertical Bending

Bounce Lateral Bending'

Roll Longitudinal Torsion (Twist)

Yaw ,Sway

Test Procedure
. ,

Detailed test procedures were written for eaC;:,h t,est Procedural outlines are presented in

this report . " .,',
Vehicle characterization was performed on the LCe as ,stated in Appendix A of

Chapter XI. These tests are designed to document suspension and car body characteristics.

The LeC service worthiness testing consisted of four sepa.rate tests including The ,

Single Car Impact Test; The Compressive End Load Test, The Jacking Test and The Curve

Stability Test

The LCC track worthiness te~ting consisted of t~e.,~i~htseparate ~\~sJs stated above in

the objective. All of the tests were conducted.()n 1!C t~ackwi~,~ the car}n'the loaded con­

figuration under which it will operate in actual service. Tests were conducted at various

speeds on track shimmed to excite .vehicle instability'modes obset;Ved d~r.ing typical but

severe railroad operation. Other track te'sis were conducted ori'unper~~~p~d track to

observe the vehicle operation on nominal track ·configurations..
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Results
.' ". " ~ '-."

'1~' •

The results of the LCC testing are presented in this report in four sections. Vehicle charac-

terization, track worthiness and the static brake test ar~ ,summarized here.

The following table sUmInarizes' all of the, vehicle characterization results provided

for NUCARS vehicle dynamics modeling support.

I

>': "

II I
PARAMETER' VALUE

Vertical Spring Stiffnes's with snubbers .,'1.... ;· .::'

26.08 kips/in

Vertical Spring Damping with snubbers 11.61 kips

Vertical Spripg Stiffness without snubbers . ,~ ','
26.32 kips/in

Vertical Spri~g Dampingw;ithout snubbers _c.
~:.. ' . 8.83 kips

Truck Roll Spring Rate " , :
" 56,519 in-kips/radian.','

Lateral Truck Stiffness 0, " , 24-.48 kips/in

Lateral Truck Damping
-

,34.40 kips

Span Bolster Yaw Moment
"-

350,000 in-Ibs

Single Truck Yaw Moment 112,500 in-Ibs
~

Axle Alignment Truck No.1 - 2.496 mrad

Truck No.2 - 0.636 mrad

Longitudinal Stiffness --
0' '

98.5 kips/inch

Axle Yaw and Inter Axle Bending Stiffness 1,200,000 in-kips/mrad

Inter Axle Shear- Stiffness -' 0' Not Used for NUCARS

-Bounce Frequency
, ,

"

,",,'

4.0 Hz.,' "-

Pitch Freq~ency -,'" 7.0 Hz
"

" "

Roll Frequency 0.5 Hz

Upper Center ~oll F~equency -, ' - 7.0 Hz ' -

Yaw Frequency " ' - 6.0 Hz

First Vertical Bending Frequency" ' 00 13.25 Hz

First Torsional Frequency' -;: . ~ ,-' . 20.0 Hz

First Lateral B~nding Frequen~y
o. - . ' ... , ,- , c. -- 17.0 Hz

xii
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Track Worthiness Testing

Track worthiness testing shows acceptable 'f:r:eight car performance on tangent track

at speeds below 55 mph. High single wheel L/V's were encountered in the Constant Curv­

ing Tests and Spiral Negotiation Tests. Dynamic curving, 12-degree curving and spiral

negotiation were identified as potential problem areas. The following table summarizes

the track worthiness results.

xiii



Static Brake Test

The LCC, EMS-2, only obtained an equalization pressure of 46 psi with a 20 pound

reduction from a 70 psi brake pipe pressure. The equalization pressure should be between.

48 and 52 psi.

The net braking ratio for the LCC was calculated to be 12% with a full service brake·

application from a 90 psi brake pipe pressure. Using a 70 psi brake pipe pressure, a full

service brake application resulted in a 9.2% net braking ratio. This net braking ratio is

within the AAR 6.5% minimum and 10% maximum allowable range.

The handbrake net braking ratio that could be obtained with a 125 pound application

to the handbrake wheel was 10.79%. This value is lower than the AAR 11% minimum.

Recommendations

Curving:

1. Curving tests should be completed. Curving tests were not performed at

balance and above balance speeds at Air Force direction. Poor perform­

ance in the 12-degree curve may indicate potential problems in other curv­

ing situations and should not just be addressed as an upper limit for

normal operations.

2. Post test modeling should be performed to examine car performance in

dynamic curving. Possible design changes may be considered and modeled

for improvements in performance.

Ride Quality:

1. High speed stability performance needs closer examination for personal

comfort and ride quality reasons.

Braking:

1. The handbrake should be redesigned to give a higher net braking ratio.

2. The air brake system needs closer examination. Equalization pressure of

48 to 52 psi in the brake cylinder was not obtained.

xiv
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1.0 INTRODUCTION

The Association of American Railroads (AAR), Transportation Test Center (ITC),

Pueblo, Colorado, has been contracted by the Federal Railroad Administration (FRA) to

perform vehicle performance tests on the Peacekeeper Rail Garrison (PKRG) rail cars

according to specifications in Chapter XI, of the AAR's, M-1001, Manual.oj Standqrd$ and

Recommended Practices (Appendix A). Chapter XI represents a realistic but severe"envi­

ronment for freight cars. These tests include rail car service worthiness, rail sar track

worthiness, static and quasi-static truck characterization, and vehicle dynamic

characterization.

The track worthiness tests determine the track safety performance over normal track

and over track specially configured to excite various vehicle dynamic modes. ,

The service worthiness tests determlne the structural adequacy of th~ vehicle body.

The characterization tests provide engineering values necessary for computer model­

ling of the vehicle dynamic performance.

The second of the PKRG cars to be tested at TIC was the Launch Control Car

(LCC). ,The LCC will carry launch control equipment and personnel. It is an eight axle rail

car with a design weight not to exceed 400,000 pounds. The car uses two standard Buckeye

100-ton design span bolsters. The actual car tested was an EMS-2 (Engineering Mass Sim­

ulator). This car utilized steel containers that held sand bags to simulate the weight and

center of gravity of the LCe.



2.0 OBJECTIVE

The objective of this test program wa's to provide a data base of vehicle performance for

the LCC as operated over a severe but realistic freight railroad environment. The data'

base will assist the Air Force in determining the suitability of the LCC design for PKRG.

To achieve this objective many tests were performed.

The following tests were performed to examine the vehicle dynamic performance

(track worthiness) of the LCe, EMS-2.

High Speed Stability (Hunting)

Constant Curving

Curve Entry and Curve Exit

Pitch and Bounce

Twist and Roll

Dynamic Curving

Turnouts and Crossovers

Yaw and Sway

A set of tests were also performed to evaluate the service worthiness or structural

adequacy of the LCC, EMS-2. These tests included:

Single Car Impact

Compressive End Load

Jacking Stability Test

Curve Stability Test

Tests to measure the static and quasi-static suspension characteristics of four lOG-ton

conventional three piece trucks that will be used under the LCC, EMS-2 were performed.

These parameters are required as input for the AAR developed mathematical model New

and Untried Car Analytical Regime Simulator (NUCARS) used to predict rail car per­

formance.

Another series of tests were performed to measure the modal parameters of the LCC,

EMS-2. These parameters are also used as a comparison with the mathematical model

(NUCARS) used to predict rail car performance. The modal parameters included:

Pitch Vertical Bending

Bounce Lateral Bending

Roll Longitudinal Torsion (Twist)

Yaw Sway

2



3.0 TEST DESCRIPTION

Chapter XI of the AAR's, M-lOl, Manual ofStandards and Recommended Practices pres­

ents guidelines for testing and analysis to ascertain the interchange service worthiness of

freight cars. The regimes of vehicle performance examined are divided into two sections in

Chapter XI. Service worthiness covers structural, static, and impact requirements. Track

worthiness covers vehicle dynamic performance.

Vehicle characterization, as described in Appendix A of Chapter XI, is used to define

the car body and suspension parameters for the test vehicle. After the characteristics of the

suspension and the car body system are found, the results can be used to build a model to

predict Chapter XI performance.

3.1 VEHICLE CHARACTERIZATION

3.1.1 Truck Characterization

Truck characterization tests are conducted to determine the dynamic suspension

characteristics of the lOO-ton trucks used to support the LCe. Tests are conducted on the

Mini-Shaker Unit (MSU) to measure the vertical and lateral displacement values for given

force inputs at various truck component interfaces. Tests are also conducted on low fric­

tion tables to determine rotational stiffnesses in the truck. These results will allow compar­

ison between measured and design values and are used as part of the NUCARS model

input parameters.

3.1.2 Modal Characterization

Modal characterization tests are conducted to determine the dynamic characteristics

of the suspension and the car body as a system. The results of these. tests can be compared

to the NUCARS model predictions to validate its vehicle representation. There results will

also ·be required as input data for the. Train Dynamics Model (TDM) which will make inte­

grated train performance predictions.

3



3.2 SERVICE WORTHINESS

SerVice Worthiness Tests address the structural integrity of the vehicle.

3.2.1 Sin2Ie Car Impact Test ,

The Single Car Impact Test is conducted to determine if any permanent damage

occurs to the LeC upon impact into three loaded 70~ton hopper cars with the handbrake

on the non-struck hopper tightly set. Impacts for the LCC are conducted up to 1.25 million

pounds coupler force or 6 mph, which ever comes first. This test is done to simulate possi­

bleimpacts that a ni.il car is subjecCto while in service.

3.2.2 Compressive End Load Test

The Compressive End Load Test is conducted to document ability to withstand an

axially applied load of I-million pounds for 1 minute without permanent deformation. The

loading simulates an axially loaded beam with rotation-free translation fixed ends.

3.2.3 .Iackin2 Test

The Jacking Test is conducted to test the jacking pads and car structure. As the car is

lifted at the jacking pads, it is monitored for permanent deformation around the pads.

Since the LCC is designed with two trucks and a span bolster at each end, it is not neces-
. , ,

sary to conduct the coupler vertical load test that is done for standard car design.

The jacking pads are used for any repairs that are needed on the trucks or span bol­

,ster \Vhich would require the weight of the car to be removed from the suspension. The

Jacking Test is conducted while configuring the LCC for other tests.

3.2.4 CurVe Stability Test

The Curve Stability Test is done to document any car body suspension separation and

wheel lift while the car is subjected to a buff and draft (compression and tension) force.

The test is conducted on a section of curved track with a limited amount of superelevation.

Extremely short and long cars are connected adjacent to the car being tested to simulate

the worst case situation.
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3.3 TRACK WORmINESS

Track Worthiness Tests are, condueted to assess the dynamic'performance of the car in typ­

icalraHroad operation. These tests utilize instrumented wheel sets to measure lateral and

vertical forces (L/V) between the wheel and rail. These wheel sets have modified

Heumann profiles which simulate worn wheel profiles.

Results are compared to criteria as stated in Chapter X)". The primary criteria are'

the tendency to wheel climb derailment, as defined by the ratio of L/V, and the tendency

to caus~ rail rollover, as defined by the ratio of truck siqe lateral to vertical forces.
. , I

The test regimes described in the Track Worthiness section of Chapter XI address

the dynamic vehicle modes historically associated with poor performing vehicles. The track .

is inten~ionally adjusted (perturbed) to excite these modes for mos~ tests.

The wavelength for these repetitive perturbations is based upon historical rail length

of 39 feet. No attempt has been made to adjust this wavelength to a particular vehicle's

dimensions. The amplitude of the perturbations is less than the theoretical amplitude pos-,

sible under FRA track class specifications.·

3.3.1 High Speed Stability Test

High speed stability tests are conducted to confirm that hunting (lateral oscillating

instability in the trucks) does not occur within normal operating speeds of the car. Chapter

XI states that the maximum lateral car body acceleration (g) is 1.0 g peak-to-peak sustained

for 20 seconds or a maximum axle sum L/V of 1.3. The maximum individual peak-to-peak

acceleration (g) is 1.3 g. Hunting is inherent in some truck designs and is also seen in nor­

mally stable truck designs when components are allowed to wear beyond normal limits. A

truck may be unstable but still be below the Chapter XI allowable limits; however, the ride
I . .

quality while a truck is hunting, even below the Chapter XI limits, is very poor. If hunting

occurs, ~he resonant speed is identified for operational considerations.

3.3.2 C~nstant Curving Test

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

mal track curves. The test car is operated through many,standard curves attypical operat­

ing speeds. The maximum wheel L/V is 0.8 or the maximum axle sum L/V is 1.3 (Chapter

XI, Table 11.1). This test verifies that the car.will not have wheel climb or impart large

lateral forces to the rails during curving.
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3.3.3 Curve Entry and Curve Exit Test

The Curve Entry and Curve Exit Test is performed in conjunction with the Constant
.' - 'I, ...

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

includes changes in crosslevel and curvature. The purpose of the exaggerated bunched spi­

ral·described in Chapter XI is to twist the trucks a~d the car body. Chapter XI states that

the minimum acceptable vertical load of a wheel is 10 percent of the static wheel load and

that the maximum acceptable wheel L/V is 0.8.

3.3.4 Pitch and Bounce Test

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

response of the car as it is excited by vertical inputs from the track. Track with this type of

input to the vehicle may be found at bridges, road crossings, and where there is a change in

the underlying vertical support structure to the track. The Chapter XI criterion is a mini­

mum vertical wheel load of 10 percent of the static vertical wheel load.

3.3.5 Twist and Roll Test

The Twist and Roll Test is conducted to determine the car's ability to negotiate

through cross-level perturbations. These perturbations will excite the natural twist and roll

motions of the car. This type of track condition may be found in locations where rail joints

are staggered or low spots on the track occur. Three criteria are given for this test: the

maximum roll angle is 6 degrees peak-to-peak, the maximum axle sum L/V is 1.3, and the

minimum vertical wheel load is 10 percent of the static vertical wheel load (Chapter XI).

3.3.6 Dynamic Curvin2 Test

The Dynamic Curving Test is designed to determine the ability of the car to negotiate

track with simultaneous cross-level (vertical) and gage (lateral) misalignments. Four differ­

ent criteria are given in Chapter XI: the maximum wheel L/V is 0.8, the maximum axle

sum L/V is 1.3, the maximum roll angle is 6 degrees peak-to-peak, and the minimum

vertical wheel load is 10 percent of the static vertical wheel load.

3.3.7 .Turnout and Crossover Test

The Turnout and Crossover Test is conducted to determine performance in negotiat­

ing typical turnouts and crossovers. A turnout is an arrangement of a switch and a frog with
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closure rails, by which cars may be diverted from one track to another. A crossover is an

arrangement of two turnouts with the track between the frogs arranged to allow passage

between two nearby and generally parallel tracks. The wheel/rail forces determine if there

is a tendency for wheel climb or to induce lateral forces into the track. This test is not

described in Chapter XI.

3.3.8 Yaw and Sway Test

The Yaw and Sway Test is conducted to determine the ability of the car to negotiate

laterally misaligned track, which will excite the tar in a yaw and sway motion. Track with .

perturbations of this type may be found where the underlying ground is unstable and allows

the track to shift in the lateral direction. The maximum truck side L/V is 0.6 and the maxi­

mum' axle sum L/V is 1.3 (Chapter XI).

3.4 STATIC BRAKE TEST

The Static Brake Test is conducted to determine the static forces on the brake shoes when

various brake cylinder pressures are applied. This information is compared to accepted

standards and is used to correlate stop distance information to the designed braking ability

of the car. This test is also used to ensure the compatibility between all car brake systems

in the PKRG train (e.g. MLC, MC, etc.).

This test is normally performed at the car builders facility using a sample car of a pro­

duction run. It is an AAR Mechanical Division requirement but is not a Chapter XI

requirement.

7



4.0 TEST PROCEDURES

Det,ailed test procedures weret:wI"it,ten for each test. Procedural outlines are presented in

this se~tion. ,:

:,' ':"~': ~ ~ '" ..
4.1 VEHICLE CHARACTERIZATION "

Vehicle characterization waS perforIned em the LCC as stated in Appendix A of Chapter

XI. These tests aredesignedto··document suspension and car body characteristics. There

.is no criteria for acceptable performance.
..1 , ,. ,. ,

4.1.1 Truck Characterization Procedures ' . , ..

Quasi-static truck characterization was performed on four 100-tonride control trucks.

Each truck was equipped with eight D-7 outer springs, seven D-7 inner springs, and a

Stucki HS-7 hydraulic snubber in each spring nest. Truck characterization tests were per­

formed on the Mini-Shaker Unit (MSU) in the Rail Dynamic Laboratory (RDL). A Union

Pacific (UP) gondola (UP31923) loaded to approximate the LCC axle loads (48,000 lbs)

was used to weigh down the LCCtru'cks for the following MSU tests:
. " .. '

,Vertical Stiffness and Damping
Roll Stiffness' and Damping'

Lateral Stiffness and Damping
'.-..-.

,. k I,

These tests are described in more detail in Sections 4.1.1.1 to 4.1.1.3. Each of the four

100-ton trucks was individually tested under the B-end of the UP gondola.

"C:,.;, ..,',.
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The MSU utilized two 140 kip hydraulic actuators for vertical input excitation to the

vehicle and one 140 kip hydraulic actuator for lateral excitatib~. The actuators were

attached to a reaction mass that is bolted to the' floor of the RDL and were connected

between the car body and the reaction mass with special brack,ets welded to the UP gon­

dola. Sinusoidal input signals were provided to the actuato~ control valves with a Hewlett­

Packard (HP) 360 desktop computer teamed with a programmable function generator.

The actuators were controlled with 0.1 Hz to 0.25 Hz signals, with either a constant

displacement or a constant force, during the quasi-static tests. Vertical and lateral rail

forces were also measured by instrumented rail at each wheel/rail interface. Figures 4.1

and 4.2 show the MSU in the vertical and lateral configufati-Onj'respectively.

REACTION 'MASS • REACTION ~ASS

Figure 4.1 MSU in the Vertical Configuration

R~CTION tv'ASS '

Figure 4.2 MSU in the Lateral Configuration
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Next, static truck characterization was performed on the two lOO-ton trucks using air

bearing tables. The tables utilize six air bearings to float an object off the ground on a

cushion of air. This eliminates the friction between the wheels and the rail during rotation

testing. Figure 4.3 shows an air bearing table~

Figure 4.3 Air Bearing Table

The following tests were performed using the air bearing table:

Span Bolster Yaw Moment Test

Truck Yaw Moment Test

Axle Alignment Test

Truck Longitudinal Stiffness Test
,

Truck Inter-axle Yaw and Bending Test

Inter-axle Shear Test

These tests are described in more detail in Sections 4.1.1.4 to 4.1.1.9.
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4.1.1.1 Vertical Stiffness and Damping Procedures

The Vertical Stiffness and Damping Test was cond~cted by cycling both vertical.

actuators in-phase with constant amplitude at frequencies of 0.1 and 0.25 Hz. The actlia­

tors were extended and retracted to the full extent of the LCC spring travel and to various

levels less than the maximum spring travel. It was determined, during the tests, that·

approximately 2 inches of stroke was sufficient t6 fully compress the springs.

4.1.1.2 Roll Stiffness and Damping Procedures

The Roll Stiffness and Damping Test was similar to the vertical characterization tests,

except the vertical actuators were operated 180 degrees out-of-phase. Actuator displace­

ments up to ± 2 inches were tested.

4.1.1.3 Lateral Stiffness and Damping Procedures

The Lateral Stiffness and Damping Test required reconfiguration of the MSU to a

single lateral actuator arrangement. The input force was cycled at 0.1 and 0.25 Hz in the

range from ± 10 kips to ± 20% of the vertical static load of the car (± 20 kips), which is

the AAR Chapter Xl criterion.

4.1.1.4 Span Bolster Yaw Moment Procedures

The Span Bolster Yaw Moment Test was done to determine the torque necessary to

rotate the span bolster about the car body center plate. This break away torque is related

to the static friction between the car body center plate and truck center bowl. When the

LCC enters a curve, the lateral wheel forces cause the span bolster to break away and

rotate. The breakaway torque will affect curving and high speed stability performance.

Figure 4.4 illustrates the basic test setup.
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Air Searing Teble, ~.; .
. ', ,,'.:

':,'.

Air Becring Table

Load Cell & Ac tuator --

DisplClcement
"Aea9uremsnt
etween Bolster
<md Body

Figure 4.4 Span Bolster Yaw Moment Test Setup

One air bearing table was placed under each truck in the A-end span bolster of the

LCe and the two tables were bolted together. Actuators were attached at opposite corners

of the table assembly. String pots were then placed at the two free corners to measure the

displacement at the two tables. Figure 4.5 shows the LCe positioned on the air tables.
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Figure 4.5 LCC on Air Tables

Force was applied equally and gradually with both actuators until the span bolster

began to rotate. The test was stopped when the span bolster had rotated approximately 2
. .

inches, which equated to 18.5 milliradians (mrad). The span bolster was rotated in clock-

wise and counterclockwise directions by reversing the location of the actuators and string

pots.

4.1.1.5 Truck Yaw Moment Procedures

The setup for the individual Truck Yaw Moment Test was similar to the span bolster
. . ,

test. The two A-end tables were unbolted and the actuators and string pots were,

assembled on one table only (Figure 4.6).

".-.

13



(

"B" END

.0

t., .

, Load' Cell &: Ac twa tor

SPI .O;splocemenl
Measurement

Be tween B0 Ister
,and Body

, .

~-~)

/
Air Bearing Table

SP2

.Figure 4.6 Truck Yaw Moment Test Setup

The tnick tesfswere performed in the same manner as the span bolster test; with one
',. ,,'

exception, 'the trucks were ,Only rotated 1 inch, which equated to 27.8 mrad. Each of the

two trucks was tested in clo.ckwise and counterclo~kwise directions by reversing the loca-
. , '- ~, '. ..,"

tions of the actuators and the string pots to the other corners.
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4.1.1.6 Axle Alignment Procedure

The Axle Alignment Test was performed to determine the· lateral and radial misalign­

ment between the two axles in a truck. The two test trucks were placed under the UP gon­

dola (UP31923), loaded to simulated the LCC axle load (48,000 pounds).

To allow each axle in: the truck to align itself independently, both air tables were

placed under one truck; one table under each axle.

In order to measure radial and. lateral misalignments, an optical transit and precision

scales were used in the arrangement shown in Figure 4.7.

-----,-..----;-t- --- ..... -.-~--- .. -. TRA':"', NG AXLE --.---- ..... --.-.-

WS4

..... WS3

ASl

.... WS2

I
I
I

....._-.---- ....... LEACING AX:...E ----_ ........_--.

..... WS!

r-

\
i \

,,,,,

~ ....... __.._. t T

i
3 PRECISION S8~~S

jIi , TAl
~ J--l ,,

AS2

I A?
,.. r- ,

A \I
~ ... ._--_.... - '-- LA3 PRECIS~ON SCALES

~
i

i LA1 t..
OPTICAL T::(ANSIT 0

Figure 4.7 Axle Alignment Test Setup
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Each time the tables were floated and set back down, the axle spacing on each side of

the truck was measured, The scales were then put in place and the misalignments calcu­

lated (Figure 4.8). The test was performed three times on each of the two trucks.

Figure 4.8 Axle Alignment Test
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4.1.1.7 Truck Longitudinal Stiffness Procedure

T4e airtables were.left in the same configuration fot, the Longitudinal Stiffness Test

as they ~ere for the Axle Alignment Test. Actuators were connected between the ends of

the axles on both sides of each truck via axle spuds bolted on the bearing end caps (Figure.

4.9).

Displacement
Measurement

~
I

~ ,

Load Cells and

. Actuators'

'v"V"'v
DispIQ~emen~

Measurement'

I

Air Bearing
table

Aj=Az=lOl"
B=23/4"

Air Bearing
table

. Figure 4~9 Truck Longitudin'al Stiffness Test Setup

String pots were used to measure displacement between the two axles on each side of

the truck. The axles were pushed apart and pulled together to determine the longitudinal

stiffness. This test was repeated on the second truck.

4.1.1.8 Truck Inter-Axle Yaw and Bending Procedure

The Inter-Axle Yaw and Bending Test was performed in conjunction with the Longi­

tudinal Stiffness Test. The axles were yawed by pushing them apart on one side of the

truck while pulling them together on the opposite side of the truck. The same test setup

was used for this test as for the Longitudinal Stiffness Test (Figure 4.9).
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4.1.1.9 Inter-Axle Shear Procedure

The tables were left in the same configuration for the Inter-Axle Shear Test as they

were i~ the Longitudinal Stiffness Test. The axle spuds were removed and a lateral actua­

tor was installed between the two tables via connector plates (Figure 4.10).

Displacement

Measuremenl

Air Bearing Table

CC
I

Air Bearing TobIe

.....--A-+-- 1+--+__B--'---

Load Cell &

......, Actuator

Figure 4.10 Inter-Axl~ Shear Test·
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By applying a force at the connector plates, the axles were sheared apart. The dis~

placement was measured with two string pots; one for shear displacement and one for lon­

gitudinal displacement. The axles were sheared in both directions on each truck. Figure

4.11 shows the Inter-Axle Shear Test Setup.

Figure 4.11 Inter-Axle Shear Test Setup
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4.1.2 Modal Response Procedures

The Modal Response Test was performed using the MSU to determine the resonant

frequencies for the following mo~es: .

Pitch Vertical Bending

Bounce Lateral Bending

. Roll Torsion (Twist)

Yaw Sway

The MSU utilized two 55 kip hydraulic actuators -for vertical car body excitation and

one 55 kip hydraulic actuator for lateral car body excitation. One of the vertical actuators

was disconnected for a few tests Jor a computer model that requires data obtained with

only one excitation point.

The actuators were attached to the car via fixtures welded to the car body (Figure

4.12).

Figure 4.12 LCC Modal Attachment Fixture
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·The actuators were attached to a reaction mass bolted to the floor of the RDL. Simi-·

soidal ipput signals were provided to the actuator control valves with a HP 360 desktop

comput~~ teamed with a programmable function generator. Figure 4.13 shows the LCC
, .' I

being placed on the MSU.
:

Figure 4.13 LCC Being Placed on the MSU
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4.1.2.1 Rigid Body Vertical Procedure

The MSU was set up in the vertical test configuration for the Rigid Body Vertical

Test. The actuators were cycled in-phase with 5, 10, and 15 kip sinusoidal inputs. The fre-"

quency increased from 0.2 Hz to 10 Hz in 0.1 Hz steps at 10 cycles per step. Pitch and

bounce modes were determined by the phase relationship between the A- and B~end

displacements and accelerations of the car body.

4.1.2.2 Rigid Body Roll Procedure

The MSUsetup remained in the vertical configuration for the Rigid Body Roll Test.

The same procedure was used for this test as was used for the Rigid Body Vertical Test

except the actuators were cycled 180 degrees out-of-phase. A roll frequency was deter­

mined by the phase relationship between displacements arid accelerations at different loca­

tions along the car body.

4.1.2.3 Flexible Body Vertical Procedure

The'MSU remained in the vertical test configuration for the Flexible Body Vertical

Test. The actuators were cycled in-phase but they were in displacement control rather than

force control. Displacement control was used to get a constant acceleration (g) input. The

actuators were controlled with frequency sweeps from3 Hz to 30 Hz in 0.1 Hz steps at con­

stant g of 0.1, 0.2, and 0.3. Additional sweeps of 0.4 g at 10 Hz to 30 Hz and 0.5 g at 15 Hz

to 30 Hz were also performed.

4.1.2.4 Flexible Body Twist Procedure

The Flexible Body Twist Test was performed in the vertiCal configuration. The inputs

were identical to the Flexible Body Vertical Test except the actuators were cycled 180

degrees out-of-phase.

4.1.2.5 Rigid Body Lateral Procedure

The MSU was reconfigured to the lateral test position for the Rigid Body Lateral

Test. Sinusoidal'inputs of 5,10, and 15 kips from 0.2 Hz to 10 Hz in 0.1 Hz steps at 10

cycles per step were provided to the actuator control values for input into the Lee. Yaw

and sway frequencies were determined by the relationships between" displacements and

accelerations of the car body at various locations.

22



4.1.2.6 :Flexible Body Lateral Procedure

.The Flexible Body Lateral Test was performed with constant g inputs of 0.1, 0.2, and

0.3, Hom 3 Hz to 30 Hz in 0.1 Hz steps. An additional sweep of 0.4 g from 10 Hz to 30 Hz

was also used.

4.2 SERVICE WORTHINESS

The LCC service worthiness testing consisted of four separate tests described in Sections

4.2.1 to: 4.2.4:

Single Car Impact Test

Compressive End Load Test

Jacking Test

Curve Stability-Test

4.2.1 Single Car Impact Procedure .

The Single Car Impact Test was conducted with the loaded LCC on the Precision

Test Ttack (PTT).. ,The PTThas a knoWn slope; therefore, the LCC was positioned on

track at points that result in proper speeds 'at impact when released from a locomotive.'

The LCe impacted three loaded 70-ton design hopper cars (225,000 pounds each) with the

handbrake on the non-struck car set tightly.. The LCCwas impacted in 1 mph increments

until either 6 mph was reached, or a coupler for.ce ·of 1.25 million pounds was reached. The

6 mph speed limit was set by the Air Force: The LCC was then inspected for any damage

that would cause the car to be brought in for repairs. Figure 4.14 shows the Single Car

Impact Test Setup.

Anvil Hoppers

Locomotive Launch Control Cor

\1
Sloped Track /

/

Instrumented Coupler

Figure 4.14 Single Car ImpactTest Setup
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4.2.2 Compressive End Load Procedure

The Compressive End Load-Test.!was performed on the LCe. The couplers'are

removed from the LCC and replaced with shanks. The LCe is then placed in the,squeeze

fixture and an axial load applied incrementally to a maximum of 1 million pounds. The,

load must be held at 1 million pounds for a period of 1 minute. The LCC was then'

inspected for damage. Figure 4.15 shows the test setup.

End
Restraint

B-end

Side Beam

Side Beam

TEST CAR

Adapter Hydraulic
Actuator

Hydraulic Power
Supply

End
Restrain t

Figure 4.15 Compr~ssive End Load Test Setup

4.2.3 Jacking Procedure

The Jacking Test was performed with the LCC in the loaded condition while the car

was being configured for other tests'. Hydraulic jacks applied a load to the jacking pads,

large enough to raise the car body and allow the trucks and span bolster to be rolled out

from under the body. The LCC was moilltored for permanent deformation.
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4.2.4 Curve Stability Procedure

The Curve StabilityTest was conducted with the LCC in the loaded condition. The

LeC has no true unloaded condition. The south wye of the Urban Rail Building (URB) at

TIC was used for the test. The wye is a 10-degree curve with less than 0.5 inches of super­

elevation. The LCC was subjected to static buff and draft loads of 200,000 pounds for 20

seconds. The LCC was monitored for wheel lift or 'any separation of the trucks, span

bolster, and car body. Figure 4.16 shows the Curve Stability Test setup.

Extra Hoppers and
Locomotive for restraint

Locomotive with

Instrumented Coupler

. ,
, !

Extra Hoppers and
Locomotive for restrain

Figure 4.16 Curve Stability Test Setup

4.3 TRACK WORTHINESS

The LC,C track worthiness testing consisted of eight s~parate tests. All of the tests were

conduc~ed on TIC track with the car in the loaded· ,configuration under which it wi~l oper­

ate in a!=tual service. Figure 4.17 is a track location diagram for all track test~, the specific

maps are found in each of the test description Sections.
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Figure 4.17 Track LOcation Diagram
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The track worthiness testing required specific buffer cars adjacent to the LCe. The

front buffer car was the T-S Instrumentation Car and the rear buffer car changed, depend­

ing on the particular test.

Instrumented wheel sets were installed under the LCC lead axle of each truck (Figure

4.18). The A-end of the LCC was always leading for the track worthiness testing.

Lee

36"
WS22

36" Wheel Diameter
TranscL,cer Number

Figure 4.18 InstrumentedWheel Set Locations
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4.3.1 Hia=h Speed Stability Procedure

The LeC waS behind the T-5 Instrumentation Car. No buffer car is requirediri the

Hunting Test. The consist was operated at speeds up to 60 mph on 5,000 feet of tangent

track with 39-foot jointed rail, class 5 or better. Axle sum L/V's and car body lateralaccel­

erations were monitored. Chapter XI testing requires speeds up to 70 mph. The 60 mph

speed limit was set by the Air Force.

HIGH=· SPEED
STABILITY

·(HUNTING)

5000-FT.-TANGENT
39 -FT. -JOINTED RAIL

FRA CLASS 5 TRACK

OR BETTER

Figure 4.19 Hunting Test Track Description
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4.3.2 Constant Curvin2 Procedure

The Constant Curving Test was conducted ,on,the Wheel/Rail Mechanism (WRM)

track (F;igure 4.20). The LeC was operated on several degrees of curvature and superele­

vation;,The test was run at below balance, above balance, and at balance speeds in botll

clockwise and counterclockwise directions. Wheel L/V's and car body accelerations were
. .'

monitored in real time to ensure safe operation.

.... WHEE,L(;RAIL
MECHANISM· TRACK

CURVING TEST SECTIONS

DYNAMIC "-..
CURVING :.
TEST
SECTION

BUNCHED SPIRAL /
TEST SECTION . •

·DYNAMIC CURVING lO-DEGREE 'CURVE
.'BUNCHED SPIRAL l2-DEGREE CURVE
CONSTANT CURVING 3-, 4-, 5-, 7.5-DEGREE CURVE

DEGREE SUPER· BALANCE
ELEVATION SPEED

3 2 31.4

4 3 33.3

5 4 34.4

7.5 3 24.3

10 4 24.3

12 5 24.8

Figure 4.20 Constant Curving Test Facility
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4.3.3 Curve Exit and Curve Entry Procedure

The Curve Exit and Curve Entry Testing was conducted on the WRM track in con­

junction with the Constant Curving Test onthe bunched spiral section found at one end of

the 12-degree curve and on the standard spirals found at the ends of the remaining curves.

A standard spiral is the section of track which makes the transition from tangent to:

curve with constantchanges in curvature and superelevation with distance. The bunched

spiral makes a change in curvature throughout the spiral but the change in superelevation

is bunched in the middle 100 feet of the spiral. Tests were done at the same speeds as the

Constant Curving Test and in both the clockwise and counter clockwise directions. Single

wheel L/V's and axle L/V's were monitored for any unsafe condition.

4.3.4 Pitch and Bounce Procedure

The Pitch and Bounce Test was conducted on the PTT. The LCC was tested at

speeds up to 60 mph on track shimmed to represent parallel low spots with 0.75 inch ampli­

tude at 39-foot intervals (Figure 4.21). Minimum vertical wheel load were monitored in the

Pitch and Bounce Test. Chapter XI testing requires speeds up to 70 mph. The 60 mph

speed limit was set by the Air Force.

400 - FT. -TANGENT
TRACK

PITCH AND
BOUNCE

0.75 IN.

39 FT.
)(

Figure 4.21 Pitch and Bounce Facility
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4.3.5, 1\vist and Roll Procedure

The Twist and Roll Test was also conducted' on the PIT. The LCC was tested again

up to 60~ph on tracks shimmed to represent rail with cross level deviations of 0.75 inch at

39-foot intervals (Figure 4.22).· Three criteria were monitored during this test: maximum
, '

axle sum L/V's, minimum vertical wheel load, and maximum roll angle. Chapter XI testing

requires speeds up to 70 'mph. The 60mph speed limitwas set by the Air Force.

TWIST AND ROLL

IN.

39 FT.
,'.

400-FT.-TANGENT

TRACK

Figure 4.22 1\vist and Roll Test Facility
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4.3.6 Dynamic Curvin2 Procedure

The Dynamic Curve Test was conducted on the lO~degree curve of the WRM track.

The lO-degree curve is shimmed to proVide a cross level of 0.5 inch combined with lateral

perturbations giving a maximum gage of 57.5 inches and a minimum gage of 56.5 inches

(Figure 4.23). Four areas of concern were monitored to ensure safe conduct of the test:

maximum wheel L/V, maximum axle sum L/V, maximum roll angle, and minimum verti-

cal wheel load. .,<":.-',- .

DYNAMIC CURVING
lO-DEGREE CURVE

CROSS LEVEL DEVIATIONS 1/2-INCH

39-FOOT WAVELENGTH

COMBINED WIJ'H
GAGE DEVIATIONS

56.5 INCHES to; 57.5 INCHES

39-FOOT WAVELENGTH

HlGH RAIL

Lo'W RAIL

Figure 4.23 Dynamic Cuning Test Facility
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4.3.7 Turnout and Crossover Procedure,

-The Turnout and Crossover Tests were conoucted on a No.8 turnout and a No. 10

crossover. The Lee was tested at the maximum speeds allowed on these switches (15 mph

and 20 mph respectively). This test is not addressed-inChapter XI. Figure 4.24 sho'ws a

typical turnout or crossover.
" ;.

TU'RNOUTS AND CROSSOVERS
, . ,"

5028

Railroad Tesl
Track

Tran5it Test
Track

502A

'.', ; '.

_SWITCH POINTS

~RAILING ~OINT
~CINGPOIN

FROG "".

Figure 4.24 Turnout and Crossover Test Facilities
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4.3.8 Yaw and Sway Procedure

The last track worthiness test performed on the LeC was the Yaw and Sway Test.

The instrumented wheel sets were relocated to the lead truck of both span bolsters (Figure

4.25). The car was tested with the A-end leading. This is done to allow calculations for the

Chapter XI criteria of truck side LjV. Chapter XI testing requires speeds up to 70 mph.

The 60 mph speed limit was set by the Air Force.

36"
WS22

36"
WS21

Wheel Diameter

Transducer Number

Figure 4.25 Instrumented Wheel Set Locations
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The LCC was tested at speeds up to 60 mph in the yaw and sway section of the PIT.

This section has sinusoidal track alignment deviations of 39-foot wavelength and an ampli­

tude of 1.25 inches peak-to-peak on both rails at a constant wide gage of 57.5 inches, as

shown in Figure 4.26. Truck side L/V sums and axle sum L/V's were monitored.

( )

7:0 FT'-.J .....J •

.
250-FT.-TANGENT

TRACK

Figure 4.26 Yaw and Sway Test Facility
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4.4 STATIC BRAKE TEST PROCEDURE

The Static Biale Test was performed by Blaine Consulting Se'rvices with some assistance

by the AAR. The brake test was'performed to ensure compliance with existing AAR and

FRA rules and regulations., Appen~ix 13 contains the test plan us~d for this test.' This test­

ing procedure included a single car bra1<:e' test following the AAR Single Car Test Code

Booklet, IPNo. 5039-4 Sup. 1, whichis'\'he AAR:StandardS,,486.' This test was performed

on both ends of the LCe because there is an Automatic Brake Diaphragm -- Westinghouse
, . .... '

(ABDW) valve located on e~ch end. Next; a net shoe force test was performed~Instrum-

ented brake shoe load cells were installed a~ e~chwheel/brake interface on the A-,end of

the LCe. Brake shoe forces w~ie read from a digital readout for a series of diff~rent brake

pipe pressure reductions. Th~-;test was 'then repeated on the R·end of the LCe., Finally, a

handbrak~ net shoe force test.was performed while. the instrumented brake shoes were in

the B-end·t~ucks. The handbrctke was appliedjl1 fncrements and brake ~hoe for~eswere

measured and recorded. Figure 4.28 shows aJiaitfal Static Brake Test setup.

1OO~Ton Truck

Instrumented

Brake Shoe

Figure 4.28 Static Brake Test with Instrumented Brake Shoe Assembly
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5.0 l\1ATERIALS AND INSTRUMENTATION

5.1 TEST VEHICLES

5.1.1 Launch Contr~l Car Description

The Launch Control Car, EMS-2 was supplied by Rockwell. The car was designed by

Rockwell and Chamberlin Gard and built by the St. Louis Refrigerator Company. Figure

5.1 shows the LCC, which is 90 feet long over the strikers.

Figure 5.1 Launch Control Car
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The loaded weight of the LCC was 392,400 pounds. The interior was loaded with

steel and sand bags to simulate the operational Lce weight and center of gravity. The car

rides on tWo Buckey~ span bolsters. Each span bolster rides on two copventional three

piece trucks With standard non-:contacting side bearings. Figure 5.2 shows one of the span

bolsters with two trucks.

Figure 5.2 Lee Span Bolster and Truck
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Each of the three piece trucks was an American Steel Foundries (ASF) ride control

lOO-tondesign, equipped with eight D-7 outer springs, seven D-7 inner springs, a Stucki

HS-7 hydraulic snubber in each spring group, and two 36-inch wheel sets with AAR-IB

wheel profiles. Figure 5.3 shows one ofthe Lee three piece trucks.

Figure 5.3 Standard Lee Truck
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5.1.2 Instrumentation Car Description.

The instrumentation car used for the track worthiness testing of the LCC was the

DOTX205 (T-5} Instrumentation Car. The car was equipped with instrumentation and

computer equipment required for testing the LCC and other PKRG cars.

5.1.3 Locomotive Description

Dedicated locomotives were used for conducting all LCC track worthiness testing.

The locomotives were GP40-2, four axle models, similar to the locomotive being purchased

for the PKRG trains. OtherTTClbcomotives were used for logistic moves, as required.

5.1.4 ButTer Cars

As required for Chapter XI, a loaded lOO-ton buffer car .was used for all track worthi­

ness testing except for the Pitch and Bounce Test and the High Speed Stability Test. An

empty flatcar was used for the Pitch and Bounce Test, and no buffer car was used for the
High Speed StabilityTest. .-

5.1.5. Test Train Confilrnration

Figure 5.4 shows the standard test train configurati~n for the LCC track worthiness

testing. Occasionally the trailing buffer car was different, but the LCC·always followed the·
,
instrumentation car and ran with the A-end leading.

/

T-5 LCC EMS-2 BUFFER CAR

Figure 5.4 Standard Test Train Configuration
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5.2 VEHICLE CHARACTERIZATION INSTRUMENTATION

Three separate lab tests were done to characterize the LCCcar and suspension:·

Quasi-Static Truck Characterization

Static Truck-Characterization

Modal Response

5.2.1 Quasi-Static Truck Characterization Instrumentation

This test was performed on the MSU. Nineteen data channels were recorded during

these tests including actuator forces, rail forces, and suspension displacements. Table 5.1

summarizes these channels. All of the measurements were collected on an HP 360 desktop

computer and recorded onto an optical disk.

Table 5.1 Truck Characterization Measurements

B LOCATION TRANSDUCER ' SERIAL SYSTEM
& TYPE NUMBER SENSITIVITY EU'sjVOLT

DESCRIPTION

VAF1 Left Vertical Actuator Force Interface load cell 26630 0.4054 mV/Kips 10 KipsjV -.
VAF2 Right Vertical Actuator Force Interface load cell 26538 0.4097 mV/Kips 10 KipsjV

LAF1 Lateral Actuator Force Interface load cell 26630 0.4054 mV/Kips 10 KipsjV

VRF1 Lead Left Vertical Rail Force TTC instrumented rail 4 70.508 mY/Kips, 14.617 KipsjV

VRF2 Lead Right Vertical Rail Force TTC instrumented rail 3 73.661 mV/Kips 13.974 KipsjV" :

VRF3 Trail Left Vertical Rail Force TTC instrumented rail 2 69.836 mY/Kips 13.951 KipsjV-

VRF4 Trail Right Vertical Rail Force TTC instrumented rail 1 73.324 mV/Kips 13.555 Kips,N

LRF1 Lead Left Lateral Rail Force TTC in'strumented rail 4 165.574 mY/Kips 6.04 KipsjV

LRF2 Lead Right Lateral Rail Force TTC instrumented rail 3 183.637 mY/Kips 5.446 KipsjV -

LRF3 Trail Left Lateral Rail Force TTC instrumented rail 2 167.321 mY/Kips 5.977 KipsjV -
,

LRF4 Trail Right Lateral Rail Force TTC instrumented rail 1 171.257 mY/Kips 5.84 KipsjV

DZ1 Left Vertical Actuator disp. Celesco string pot. 09934 1.1006 mY/in 0.6667 inj'J

DZ2 Right Vertical Actuator disp. Celesco string pot. 09933 1.0963 mY/in 0.6667 injV

DZ5 Left Vertical Spring disp. Celesco string pot. 14230 0.94524 Vlin 0.4 injV

DZ6 Right Vertical Spring disp. Celesco string pot. 10372 0.93639 Vlin 0.4 injV

DY1 Lateral Actuator disp. Celesco string pot. 09933 1.0963 mV/in- 0.6667 injV

DY2 Lateral Body to Truck Bolster disp. Celesco string pot. 14235 1.9075 V/in 0.2,injV
,

DY3 Left Lateral Spring disp. Celesco string pot. 14238· 4.762V/in 0.1 injV

DY4 Right Lateral Spring disp. Celesco string pot. 14240 4.799 V/in 0.1 injV
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Figure 5.5 shows the transducer location for the right vertical spring displacement

when characterizing the LCC trucks. This configuration was used for both sides of each

truck.

Figure 5.5 Spring Nest Vertical Displacement Transducer
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Instrumented rails were used to record wheel/rail forces. Figure 5.6 shows the typical

setup of a truck positioned on the instrumented rail. Each rail has a vertical and lateral

signal at each wheel.

Figure 5.6 Instrumented Rails
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5.2.2 Static Truck Characterization Instrumentation

Seven pieces of instrumentation were used during the six different air bearing tests.

Three load cells and four string pots were used according to the test requirements. Table

5.2 lists the transducers and where they were used during the testing. All of the Air Bear­

ing Test measurements were recorded with a Compaq 286 desktop computer equipped

with a Metrabyte analog to digital converter and Lotus Measure software. The data was

stored on floppy disks in Lotus 1-2-3 format.

Table 5.2 Air Table Measurements

[J LOCATION,
DESCRIPTION, TRANSDUCER SERIAL SENSITIVITY SYSTEM

& TYPE NUMBER EU's/VOLT
TEST

LC1 Left Side Actuator Force Interlace load cell 10356 39.773 mV/10Kips 2 Kips/V

LC2 Right Side Actuator Force Interface load cell 10737 40.735 mV/10Kips 2 Kips/V

LC1 Actuator Force (Inter-Axle Shear Test) , Interface load cell 22713 43.76 mV/10Kips 5 Kips/V

SP1 Left Side disp. Celesco. string pot. 22529 2.1126 in/V 2.0 in/V

SP2 Right Side disp. Celesco string pot. 22526 2.1099 in/V 2.0 in/V

SP1 Shear disp. RI string pot. 3680 0.2065 in/V 0.2 in/V .

SP2 Distance Between Tables (Long. Stiffness Test) Ri string pot. 3684 0.2075 inl'J 0.2 in/V
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An interface load cell was connected to each Enerpac hydraulic actuator, to record

the actuator force (Figure 5.7). The same actuator and load cell remained together

throughout the -air bearing tests.

Figure 5.7 Air Table Force Transducer
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The other transducers used during the air bearing tests were string pots. These trans:'

ducers were located appropriately to measure the displacements of the air tables. Figure

5.8 shows the most typical setup during a truck rotation test.

Figure 5.8· Air Table Displacement Transducer
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5.2.3 Modal Response Instrumentation

The Modal Response Test was performed on the MSU in the RDL. The'MSU utl-·
, ~ . -

lized two 55 kip hydraulic actuators for vertical car body excitation. Figure 5.9 shows the

MSU configured for lateral excitation testing.

Figure 5.9 MSU in the Lateral Configuration
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The relationship betweep car body to ground displacements measured along the car

body were used to determine rigid body modes. String pots were used to obtain these mea­

surements. Figure 5.10 shows the installation of one of the car body to ground transducers.

Figure 5.10 Car Body to Ground Displacement Transducer
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Eight car body to ground displacement measurements were recorded. Figure 5.11

shows the location of all the displacement transducers.

B-E:\"D

LEFT

I
I

DY~t-~--------~----t'

DZ9

RIGHT

DY5

DZ10

CENTER PLANE

A-EKD

"I

DY4-~'1------------O>j

DZ7 DZ8

Figure 5.11 Car Body Displacement Locations
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The primary source of data for the Flexible Body (Bending and Twist)Testwas car

body accelerometers. Thirty-two accelerometers were mo~nted on the Lee at specific

locations with an a aluminum block and F88 adhesive (dental cement). Figure 5.12 shows a

pair of accelerometers mounted on the side of the Lee. One accelerometer measures ver-
. . I

tical movement and the other accelerometer measures lateral movement. I

Figure 5.12 Two Car Body Accelerometers
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The accelerometers were evenly spaced on the side of the LCC and at other critical

locations so that various modes may be de~ermined. Figure 5.13 shows the locations of the

accelerometers.

AZ3

B-Et\D
AY3 --1_[----------,.,.

I

AY12

AZI2~
I

AZ11 AY10

(-)
NORTH
RIGHT

AZ2

AZ4

(+)

A-END

SOUTH
LEFT

AY15

I
AZ16 .

Figure 5.13 Car Body Accelerometer Locations
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Vertical and lateral wheel forces were measured at each.wheel on the A-end of the

Lee with strain gaged rails. The setup was very similar to that presented in Section 5.2.1,

except that eight rails were used instead of four. Actuator forces and displacement were

also measured with load cells and ~VDT's. Accelerometers and string pots were installed.

on the A-end trucks and span holster to help determine if the span bolster bending mode

influenced the car body resonant modes of vibration. Table 5.3 is a complete list of the

modal response measurements..

Table 5.3 Modal Response Measurements

81 DESCRIPTION

"

TRANSDUCER TYPE I SERIAL

1

SENSITIVITY -I' SYSTEM
NUMBER EU'sjVOLT

VAF1 Left Side Actuator Force 10KipsjV

VAF2 Right Side Actuator Force 10 KipsjV

LAF1 Lateral Actuator Force 10 KipsjV

VRF1 Lead Left Vertical Force HC instrumented rail .1 73.774 mY/Kips 13.555 KipsjV

VRF2 Lead Right Vertical Force TTC instrumented rail 2 71.681 mY/Kips 13.951 KipsjV

VRF3 Trail Left Vertical Force HC instrumented rail 3 68.413 mY/Kips 14.617 KipsjV

VRF4 Trail Right Vertical Force TIC instrumented rail 4 71.559 mV/Kips 13.974 KipsjV

LRF1 Lead Left Lateral Force JTC instrumented rail 1 171.257 mY/Kips 5.839 KipsjV

LRF2 Lead 8ight Lateral Force TIC instrumented rail 2 167.321 mY/Kips 5.977 KipsjV

LRF3 Trail Left Lateral Force HC instrumented rail 3 183.637 mY/Kips 5.446 KipsjV

LRF4 Trail Right Lateral Force HC instrumented rail 4 165.574 mY/Kips 6.040 KipsjV_

VRF5 Lead Left Vertical Force TIC instrumented rail 5 76.577 mV/Kips 13.059 KipsjV

VRF6 Lead Right Vertical Force HC instrumented rail 6 78.416 mY/Kips .12.752 KipsjV

VRF7 Trail LeftVertical Force HC instrumented rail 7 79.012 mY/Kips 12.656 KipsjV

VRF8 Trail Right Vertical Force TTC instrumented rail 8 73.127 mV/Kips 13.695 KipsjV

LRF5 Lead Left Lateral Force TIC instrumented rail 5 173.419 mY/Kips 5.766 KipsjV

LRF6 Lead Right Lateral Force TTC instrumented rail 6 145.765 mY/Kips 6.860 KipsjV

LRF7 Trail Left Lateral Force TIC instrumented rail 7 156.992 mY/Kips 6.370 KipsjV

LRF8 Trail Right Lateral Force HC instrumented rail r 8 173.419 mV/Kips 5.766 KipsjV
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Table 5.3 Modal Response Measurements (continued)

NAME DESCRIPTION I TRANSDUCER TYPE I SERIAL SENSITIVITY SYSTEM
NUMBER EU'sfVOLT-

DZ1 Vertical Left Actuator Disp. 0.5 infV

DZ2 Vertical Right'Actuator Disp. 0.5 infV

DY1 Lateral Actuator Disp. 0.5 infV

DZ3 Vertical Bolster to Side Frame Disp. Celesco String pot. 10062 0.94305 Vjin 0.5 infV

DZ4 Vertical Bolster to Side Frame Disp. Celesco String pot. 10063 0.9383 Vjin 0.5 infV

DZ5 Vertical Bolster to Side Frame Disp. Celesco String pot. 10065 0.94334 Vjin 0.5 infV

DZ6 Vertical Bolster to Side Frame Disp. Celesco String pot. 10067 0.94187Vjin 0.5 infV

DY3 Lateral Bolster to Side Frame Disp. Celesco String pot. 14238 4.7537 Vjin 0.1 infV

DY2 Lateral Bolster to Side Frame Disp. Celesco String pot. 14240 4.7746Vjin 0.1 infV

DZ7 Vertical Car Body Disp. Celesco String pot. 10071 0.94418 Vjin 0.5 infV

DZ8 Vertical Car Body Disp. Celesco String pot. 10075 0.94263 Vlin 0.5 infV

DZ9 Vertical Car Body Disp. Celesco String pot. 10076 0.93878 Vjin 0.5 infV

DZ10 Vertical Car Body Disp. Celesco String pot. 10080 0.94412V/in 0.5 infV

DZ11 Vertical Car Body Disp. Celesco String pot. 10364 0.93074 Vlin 0.5 infV

DY5 Lateral Car Body Disp. Celesco String P?t. 10367 0.94576 Vlin 0.5 infV

DY6 Lateral Car Body Disp. Celesco String pot. 10368 0.94383 V/in 0.5 infV

DZ12 Vertical Car Body Disp. .Celesco String pot. 14230 0.94686 V/in 0.5 infV

DZ13 Vertical Car Body Disp. Celesco String pot. 14231 0.94757 Vlin 0.5 infV

DZ14 Vertical Span Bolster Disp. Celesco String pot. 14232 0.94768 Vjin 0.5 infV

DZ15 Vertical Span Bolster Disp. Celesco String pot. 10371 0.94638 Vlin 0.5 infV

DZ16 Vertical Span Bolster Disp. Celesco String pot. 10430 0.94334 Vlin 0.5 infV

DZ17 Vertical Span Bolster Disp. Celesco String pot. 10372 0.93639 V/in 0.5 infV

DY4 Lateral Car Body Disp. Celesco String pot. 10074 0.94331 V/in 0.5 infV

53



Table 5.3 Modal Response Measurements (continued)

81 DESCRIPTION

II
TRANSDUCER TYPE I SERIAL SENSITIVITY SYSTEM

NUMBER EU'sjVOLT

AZ1 Vertical Car Body Accel. Endevco Accelerometer PA1621026 11.14mV/G 0.5 GjV
-

AY1 Lateral Car Body Accel. Endevco Accelerometer KR8821025 12.90 mV/G 0.5 GjV

AZ2. Vertical Car Body Accel. Endevco Accelerometer MY2821024 11.67 mV/G 0.5 GjV

AY2 Lateral Car Body Accel. Endevco Accelerometer PF4521527 ·10.15 mV/G 0.5 GjV

AZ3 Vertical Car Body Accel. Endevco Accelerometer ML3621027 12.23 mV/G 0.5 GjV

AY3 Lateral Car Body Accel. Endevco Accelerometer TG91 21812 12.31 mV/G 0.5 GjV

AZ4 Vertical Car Body Accel. Endevco Accelerometer RW9921525 9.282 mV/G 0.5 GjV

AY4 Lateral Car,Body Accel. Endevco Accelerometer ,NZ0713738 8.613 mV/G 0.5 GjV

AZ5 Vertical Car Body Accel. Endevco Accelerometer NN2312642 11.95 mV/G 0.5 GjV

AY5 Lateral Car Body Accel. Endevco Accelerometer MG1012625 9.43 mV/G 0.5 GjV

AZ6 Vertical Car Body Acc~1. Endevco Accelerometer KY1020941 12.22 mV/G 0.5 GjV

AY6 Lateral Car Body Accel. Endevco Accelerometer RW8521524 9.564 mV/G 0.5 GjV

PZ7 Vertical Car Body Accel. Endevco Accelerometer MR8412630 9.31 mV/G 0.5 GjV

AY7 Lateral Car Body Accel. Endevco Accelerometer NF1512639 12.85 mV/G 0.5 GjV

AZ8 Vertical Car Body Accel. Endevco Accelerometer LD2420936 12.06 mV/G 0.5 GjV

AY8 Later~1 Car Body Accel. Endevco Accelerometer MR2912627 8.95 mV/G 0.5 GjV

AZ9 Vertical Car Body Accel. Endevco Accelerometer EY9813580 22.91 mV/G 0.5 GjV

AY9 Lateral Car Body Accel. Endevco Accelerometer EY978834 25.05 mV/G 0.5 GjV

AZ10 Vertical Car Body Accel. Endevco Accelerometer GT4213577 28.80 mV/G 0.5 GjV

AY10 Lateral Car Body Accel. Endevco Accelerometer RH8321510 20.92 mV/G 0.5 GjV

AZ11 Vertical Car Body Accel. Endevco Accelerometer J0789991 24.17mV/G 0.5 GjV

AY11 Lateral Car Body Accel. Endevco Accelerometer J0669990 19.36 mV/G 0.5 GjV

AZ12 Vertical Car Body Accel. Endevco Accelerometer FM798816 21.03 mV/G 0.5 GjV

AY12 Lateral Car Body Accel. Endevco Accelerometer J0549989 24.69 mV/G 0.5 GjV

AZ13 Vertical Car Body Accel. Endevco Accelerometer HF6713575 23.82 mV/G 0.5 GjV

AY13 Lateral Car Body Accel. Endevco Accelerometer RG4721511 16.04 mV/G 0.5 GjV

AZ14 Vertical Car Body Accel. Endevco Accelerometer RH6821509 20.06 mV/G 0.5 GjV

AY14 Lateral Car Body Accel. Endevco Accelerometer CX967091 10.91 mV/G 0.5 GjV

AZ15 Vertical Car Body Accel. Endevco Accelerometer EH187084 9.3 mV/G 0.5 GjV

AY15 Lateral Car Body Accel. Endevco Accelerometer EZ3613573 18.07 mV/G 0.5 GjV

AZ16 Vertical Car Body Accel. Endevco Accelerometer FP9013582 17.24 mV/G 0.5 GjV

AY16 Lateral Car Body Accel. Endevco Accelerometer KE5220942 12.44 mV/G 0.5 GjV

AZ17 Vertical Span Bolster Accel. Endevco Accelerometer EH167083 11.78mV/G 0.5 GjV

AZ18 Vertical Span Bolster Accel. Endevco Accelerometer KR2920937 12.80 mV/G 0.5 GjV

AZ19 Vertical Span Bolster Accel. ' Endevco Accelerometer RW2221519 9.322 mV/G 0.5 GjV
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5.3 SERVICE WORTHINESS INSTRUMENTATION

Service worthiness testing consisted of four separate tests. Instrumentation for each test is

described in the next four sections.

5.3.1 Sina:le Car Impact Instrumentation

Two transducers were used for the impact tests: (1) a tachometer, and (2) an instrum­

ented coupler. The tachometer measured speed and the instrumented coupler measured

the coupling force at impact. Figure 5.14 shows the instrumented coupler located on the

struck end of the a loaded hopper car.

Figure 5.14 Instrumented Coupler
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An Airpax tachometer was used to measure the speed of the LeC at impact. Figure

5.15 shows the tachometer mounted ontQpne of the axles of the LCe.

Figure 5.15 Impact :rllchometer

Table 5.4 lists each measurement for the Impact Test.

Table 5.4 Impact Test Measurement

INAMEI LOCATION

I I& TRANSDUCER SERIAL SENSITIVITY SYSTEM
DESCRIPTION TYPE NUMBER EU'sjVOLT

L01N Coupler Force Miner Instrumented coupler 25 1.5128 fV 264.4 KipsjV

S01W LCC Speed Airpax Tachometer 60 P/rev 2 mphjV
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5.3.2 Compressive End Load Instrumentation

The Compressive End Load Test was performed in the squeeze fixture at TIC. Fig­

ure 5.16 is a photograph looking into the squeeze fixture .. :
: . ..',

Figure 5.16 ~queeze Fixture atTIC
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" The Lee was placed in the squeeze fixture and a load was applied to the shanked

couplers with the actuator shown in Figure 5.17.

Figure 5.17 Squeeze Fixture Actuator
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The force was measured with a"load cell that was placed between the actuator and

the Lee. Figure 5.18 shows the load cell and the digital display that was used for the out­

put of the load cell.

Figure 5.18 Squeeze Fixture Force Transducer
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Twenty strain gages were also installed on the LCC by the AAR as part of Rockwell

instrumentation requirements.'Figlire 5.19 shows two gages installed near a weld on two

separate surfaces. The strain gages were mounted in critical locations defined by RockwelL

Table 5.5 is a complete list ot the transducer locations for the Compressive End Load Test.

Figure 5.19 Two Rockwell Specified Strain Gages Used During

The Compressive End Load Test
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Table 5.5 Compressive End Load Test Measurements

81 LOCATION

II I I I& TRANSDUCER SERIAL SENSITIVITY SYSTEM
DESCRIPTION TYPE NUMBER EU'sfVOLT

L01N Raw Force HSlload cell 6877-001 1.9984 mVfV 400.0 KipsfV

SGX1R Long., A-end below access door HITEC HBWF strain gage GF = 4.1 200~lfV

SGX2R Long., A-end bottom corner of radome room HITEC HBWF strain gage GF = 4.1 2OOIJ.fV

SGX3R Long., B-end below access door HITEC HBWF strain gage GF = 4.1 2O°lJ.fV

SGX4R Long., A-end bottom center of underframe HITEC HBWF strain gage GF = 4.1 2O°lJ.fV

SGX5R Long., A-end bottom center of underframe HITEC HBWF strain gage GF = 4.1 2OOIJ.fV

SGX6R Long., A-end center of outside web HITEC HBWF strain gage GF = 4.1 2OOIJ.JV

SGX7R Long., B-end bottom center of underframe HITEC HBWF strain gage GF = 4.1 2OOIJ.fV

SGX8R Long., B-end side of long. Web HITEC HBWF strain gage GF = 4.1 2oOIJ.fV

SGX9R Long., B-end bottom center of underframe HITEC HBWF straingage' GF = 4.1 2OOIJ.fV

SGX10 Long:, B-end bottom center of underframe HITEC HBWF strain gage' GF = 4.1 2OOIJ.fV

'SGX11 Long., B-end side of long. Web HITEC HBWF strain gage GF = 4.1 2OOIJ.fV

SGX12. Long., B-end draft gear housing right HITEC HBWF strain gage. GF;' 4.1 2OOIJ.fV

SGX13 Long., B-end bottom center of underframe HITEC HBWF strain gage GF = 4.1 2O°lJ.fV

SGY1R Lateral, B-end bottom of underframe HITEC HBWF strain gage GF = 4.1 2O°lJ.fV

SGY2R Lateral, B-end bottom of underframe HITEC HBWF strain gage GF = 4.1 2O°lJ.fV

SGY3R Lateral, truck 1 bottom center of bolster HITEC HBWF strain gage GF =4.1 2OOIJ.fV

SGX14 Longitudinal, B-end lower left underframing HITEC HBWF strain gage GF =4.1 2OOIJ.fV

SGX15 Long., B-end lower left underframing HITEC HBWF strain gage GF = 4.1 2OOIJ.fV

SGZ1R Vertical, B-end center left underframing HITEC HBWF strain gage GF = 4.1 2O°lJ.fV

SGZ2R Vertical, B-end center left underframing HITEC HBWF strain gage. GF = 4.1 2OOIJ.fV
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5.3.3 Jackin2 Instrumentation

No instrumentation was required for the Jacking Test. The Lee was jacked and

inspected for any permanent damage.

5.3.4 Curve Stability Instrumentation

The only instrumentation required in the Curve Stability Test was a load cell and a

feeler gage. The load cell was assembled on a coupler that was installed in a locomotive

(Figure 5.20). This coupler measured the compressive or tensile force in the consist.

Figure 5.20 Curve Stability Instrumented Coupler
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·The feeler gage was a liS-inch steel bar that was placed under a wheel to measure

wheel lift. If the feeler gage went completely under the wheel, the car was deterrrtined to

have wheel lift. Figure 5.21 shows an Lee wheel being checked during a test.

Figure 5.21 Curve Stability Wheel Lift Gage
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Table 5.6 is the curve stability transducer information.

Table 5.6 Curve Stability Instrumentation

INAMEI

LOCATION
& TRANSDUCER SERIAL .SENSITIVITY SYSTEM

DESCRIPTION TYPE NUMBER . EU'sjVOLT

L02N Loco. Coupler Force BLH load cell . HC 20999 . 2.9854 mVjV 66.99 KipsjV

5.4 TRACK WORTHINESS INSTRUMENTATION

The LCC, EMS-2 was equipped with instrumented wheel sets, accelerometers, roll gyros,

and various Rockwell described instrumentation. The following sections describe the

instrumentation.

5.4.1 Instrumented Wheel Sets

Four instrumented wheel sets were provided to TIC for the LCC track worthiness

testing as Government Furnished Equipment (GFE): The wheel sets were manufactured

by the Illinois Institute of Technology Research Institute (IITRI). The instrumented wheel

sets were standard 36-inch wheel sets cut to a modified Huemann profile and that were

machined smooth on the plate surfaces. Each wheel had six strain gage bridges. Three

were used to measure vertical force, tWo measured lateral force, and one indicated lateral

wheel tread position on the rail. The wheel sets also had instrumented axles to measure

torque. The raw strain signals were acquired with a 386 based computer system and an

analog to digital (AD) converter. The signals were processed to provide digital output in

the form of left and right side vertical wheel force, lateral wheel force, laterfl over vertical

wheel force, and axle torque. The digital signals were converted back to analog, and the

analog signals were displayed on strip charts and acquired on the HP data acquisition sys­

~em (DAS) with outputs from the rest of the transducers on the LCC. Figure 5.22 shows

the cable connections to an IITRI instrumented wheel set .installed under the LCe.
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Figure 5.22 Cable Connections to an IITRI Instrumented Wheel Set
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5.4.2 Lateral Accelerometers

Endevco 25 g lateral accelerometers were installed on the A- and B-ends of the Lee.
They were utilized for the Hunting Test criteria; 1.0 g peak-to-peak lateral car body accel­

eration sustained for 20 seconds. Figure 5.23 shows a lateral accelerometer mounted to an

aluminum box on the A-end of the Lee.

Figure 5.23 Latera! Accelerometer and Roll Gyro on A-end of Lee
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5.4.3 Roll Gyros

Chapter XI requires the measurement of roll angle for certain tests. This was accom­

plished with two roll rate gyros. The gyros were installed on each end of the LCC at floor

level as shown in Figure 5.23 (gyro located on the brake step). The output signal was roll

rate. This was electrically integrated and output to the DAS as an analog roll angle.

5.4.4 Additional Measurements

A number of accelerometers were installed in vertical, lateral, and longitudinal orien­

tations on the LCe car body and running gear for TIC. Truck spring nest displacements

were also measured. These measurements were to assist the TIC analysis of ride quality

and vehicle dynamics.

Twenty-three accelerometers were also installed on the LCC car body and running

gear for Rockwell. These measurements were provided to Rockwell for their own analysis

and to aid in the design of future cars.

The 43 measurements were recorded on the DAS along with the 111 other measure­

ments including raw instrumented wheel set signals. Table 5.7 contains a list of the AAR

Chapter XI measurements for the LCC track worthiness testing.

67



Table 5.7 AAR Chapter XI Measurements

81 LOCATION

II I& TRANSDUCER SERIAL SENSITIVITY SYSTEM
DESCRIPTION TYPE NUMBER EU's,NOLT

ALD Automatic Location Device Warner 20 ms/Pulse 1 event/l0 V

TSPD Speed AirPax Tachometer 64P/Rev 10 mph,N

FV1L IWS truck 4 lead axle vertical left UTRI Wheel Set 19 Processed 10.246 Kips,N

FV1R IWS truck 4 lead axle vertical right UTRI Wheel Set 19 Processed 10.246.Kips,N

FL1L IWS truck 4 lead axle lateral left UTRI Wheel Set 19 ' Processed, 10.246 Kips,N

FL1R IWS truck 4 lead axle lateral right UTRI Wheel Set 19 Processed 10.246 Kips,N

LV1L IWS truck 4 lead axle L,N left UTRI Wheel Set 19 Processed 0.5 L,Nper V

LV1R lWS truck 4 lead axle L,N right UTRI Wheel Set 19 Processed 0.5 L,N per V

FT1 IWS truck 4 lead axle torque· UTRI Wheel Set 19 Processed 3.4 Kips,N

FV3L IWS truck 3 lead axle vertical left UTRI Wheel Set 20 Processed 10.246 Kips,N

FV3R IWS truck 3 lead axle vertical right UTRI Wheel Set 20 Processed 10.246 Kips,N'

FL3L IWS truck 3 lead axle lateral left UTRI Wheel Set 20 Processed 10.246 Kips,N

FL3R IWS truck 3 lead axle lateral right UTRI Wheel Set 20 Processed 10.246 Kips,N

LV3L IWS truck 3 lead axle L,N left UTRI Wheel Set 20 Processed 0.5 L,NperV

LV3R .lWS truck 3 lead axle L,N right IITRI Wheel Set 20 Processed 0.5 L,N per V '

FT3 lWS truck 3 lead axle torque UTRI Wheel Set 20 Processed 3.4 Kips,N

FV5L IWS truck 2 lead axle vertical left UTRI Wheel Set 21 Processed 10.246 Kips,N

FV5R IWS truck 2 lead axle vertical right UTRI Wheel Set 21 Processed 10.246 Kips,N

FL5L IWS truck 2 lead axle lateral left UTRI Wheel Set 21 Processed 10.246 Kips,N

FL5R IWS truck 2 lead axle lateral right UTRI Wheel Set 21 Processed 10.246 Kips,N

LV5L IWS truck 2 lead axle L,N left UTRI Wheel Set 21 Processed 0.5 L,Nper V

LV5R IWS truck 2 lead axle L,N right UTRI Wheel Set 21 Processed 0.5 L,NperV

FT5 IWS truck 2 lead axle torque UTRI Wheel Set 21 Processed 3.4 Kips,N

FV7L IWS truck 1 lead axle vertical left UTRI WheeLSet 22 Processed 10.246 Kips,N

FV7R I~S truck 1 lead axle vertical right IITRI Wheel Set 22 Processed 10.246 Kips,N

FL7L IWS truck 1 lead axle lateral left UTRI Wheel Set 22 Processed 10,246 Kips,N

FL7R IWS truck 1 lead axle lateral right UTRI Wheel Set 22 Processed 10.246 Kips,N

LV7L IWS truck 1 lead axle L,N left UTRI Wheel Set 22 Processed 0.5 L,N perV

LV7R IWS truck 1 lead axle L,N right UTRI Wheel Set 22 Processed 0.5 L,N perV

FT7 IWS truck 1 lead axle torque UTRI Wheel Set 22 Processed· ' 3.4 Kips,N

68



,;; .Table 5~7 AAR Chapter XI M~'asurements (continued)

,of
T.·NAMEII"

LOCATION

II
TRANSDUCER I& SERIAL SENSITIVITY SYSTEM

, DESCRIPTION TYPE NUMBER EU'sjVOLT

, ABXl Lat. acce!. above B-end center plate Columbia accelerometer 1511 1574.9 mV/G 0,635 GjV

ABX2 Lat. acce!. above A-end floor plate Columbia accelerometer 1512 1576.5 mV/G 0,635 GjV,..

',ABWl Lat. acce!. B-end .truck 4 axle 8 Endevco accelerometer BF79 11.0 mV/G 0.455 GjV
, "

,ABW2·, Lat. acce!. B-end truck 4 axle 7 Endevco accelerometer BJ19 9.90 mV/G 0,505 GjV

ABW3' Lat. acce!. B-end truck 3 axle 6 Endevco accelerometer BK45 11.0 mV/G 0.455 GjV

AW10. Lat acce!. B-end truck 3 axle 5 . Endevco accelerometer BM98 10,32 mV/G 0.484 GjV

·JBXl Roll Angle B-end Humphrey roll gyro 107 4.052V/deg 1.008 degjV

JBX2 Roll Angle A-end Humphrey roll gyro 106 4,087V/deg 1.018 degjV

DBXl Spring nest disp. truck 1 left side Celesco sting pot. A45607, 622,6 mV/G 0.803 injV

DBX2 Spring nest disp. truck 2 left side Celesco sting pot. A45608 623.0 mV/G 0,803 injV

DBX3 Spring nest disp. truck 3 left side Celesco sting pot. A45609 622.4 mV/G 0.803 injV

DBX4 Spring nest disp, truck 4 left side Celesco sting pot. A45610 622.4 mV/G 0.803 injV

DBX5 Spring nest disp. truck 1 right side Celesco sting pot. A45611 .623.4 mV/G 0,803 injV

DBX6 Spring nest disp. truck 2 right side Celesco sting pot. A45612 622,6 mV/G 0,803 injV

DBX7 Spring nest disp, truck 3 right side Celesco sting pot.
.

A45613 622.6 mV/G 0.803 injV

DBX8 Spring nest disp. truck 4 right side Celesco sting pot. A45614 623.4 mV/G 0.803 injV

ABFl Vert. acce!. car center floor 'Endevco accelerometer BN70 9.74 mV/G 0.513 GjV

,ABF2 Lat. acce!. car, center floor 'Endevco accelerometer BN42 9.90 mV/G 0.505 GjV

ABF3 L~ng. accel car center floor Endevco accelerometer BL10 11,16mV/G 0.448 GjV

,ABYl Long. acce!. car floor'B-end Endevco accelerometer BK79 9.38 mV/G 0.533 GjV

'ABY2 Lat. acce!. span bolster 1 truck 1 Endevco accelerometer BM91 11,03 mV/G 0.453 GjV

ABY3 ~t. acce!. span bolster 1 truck 2 Endevco accelerometer BK92 11.4 mV/G 0.439 GjV

ABY4 Lat. acce!. span bolster 2 truck 3 Endevco accelerometer BM52 10,13 mV/G 0.494 GjV

AB97 Lat. acce!. A-end Endevco accelerometer AD83 196.4 mV/G 2,546 GjV
I

.•AB98 Lat. acce!. B-end Endevco accelerometer, AE36 198.6 mV/G 2,518 GjV

IRIG IRIG time

"
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Table 5.8 is a list of the measurements requested by Rockwell.

Table 5.8 Rockwell Measurements

81 . LOCATION
",,-,,--1& TRANSDUCER SERIAL SENSITIVITY SYSTEM

DESCRIPTION
.,"" .

TYPE NUMBER EU'sfVOLT

AY1R Lat. accel. truck 1 axle 1 Endevco 7290 accel. AE38 199.5mV/G 2.539 GfV

AZ1R Vert. accel. Truck 1 axle 1 Endevco 7290 accel. AE42 198.2mV/G 2.523 GfV

AY2R Lat. accel. truck 1 bolster Endevco 7290 accel. AE51 198.8 mV/G 2.515 GfV

AZ2R Vert. accel. truck 1 bolster Endevco 7290 accel. AE35 203.8 mV/G 2.453 GfV

AY3R Lat. accel. truck 1 side frame Endevco 7290 accel. AE54 198.2 rpV/G 2.523 GfV

AZ3R Vert. accel. truck 1 side frame Endevco 7290 accel. AE61 198.6 mV/G 2.518 GfV

AX1R Long. accel. draft gear housing Endevco 7290 accel. AE50 196.9 mV/G 2,539 GfV

AY4R Lat. accel. B-end draft gear housing Endevco 7290 accel. AE74 196.4 mV/G 2,546 GfV

AZ4R Vert. accel. B-end draft gear housing Endevco 7290 accel. AE49 199.6 mV/G 2,505 GfV

AY5R Lat: accel. span bolster 1 right . Endevco 7290 accel. AE58 198.4 mV/G 2.520 GfV

AZ5R Vert. accel. span bolster 1 right Endevco 7290 accel. AE48 209.8mV/G 2.393 GfV

AZ6R Vert. accel. B-end center of roof Endevco 7290 accel. AE37 .198.3 mV/G 2.521 GfV

AZ7R Vert. accel. center of radome Endevco 7290 accel. AE66 200.2 mV/G 2.498 GfV

AY6R Lat. accel. B-end right side wall Endevco 7290 accel. ·AE70 201.7 mV/G 2.479 GfV

AZSR Vert. accel. B-end floor Endevco 7290 accel. AE71 203.9 mV/G 2.452 GfV

AX2R Long. accel. A-end center of floor Endevco 7290 accel. AC55 199.0 mV/G 2.573 GfV

AY7R Lat. accel. center .of side wall Endevco 7290 accel. AC58 201.9 mV/G 2.476 GfV

AZ9R Vert. accel. center of floor Endevco 7290 accel. AC57 199.2 mV/G 2.510 GfV

AY8R Lat. accel. A-end side wall . Endevco 7290 accel. AE27 199,2 mV/G 2.510 GfV

AZ10R Vert. accel. A-end center oj floor Endevco 7290 accel. AC97 201.8 mV/G 2.478 GfV

AY9R Lat. acCel. B-end center of floor Endevco 7290 accel. AC99 198.0 mV/G 2.525 GfV

AYlOR Lat. accel. B-end center of floor Endevco 7290 accel. AD52 200.1 mV/G 2.487 GfV

AYllR. Lat. accel. A-end center of floor Endevco 7290 accel. AD66 205.1 mV/G 2.438 GfV
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Table 5.8 Rockwell Measurements (continued)

81 LOCATION

II 1& TRANSDUCER SENSITIVITY SYSTEM·
DESCRIPTION TYPE EU'sfVOLT

SGX1R Long. A-end below access door HITEC HBWF strain gage GF = 4.1 20q,.fV

SGX2R Long. A-end bot. corner of radome room HITEC HBWF strain gage GF = 4.1 200llfV

SGX3R Long. B-end below access door HITEC HBWF strain gage GF = 4.1 200llfV

SGX4R Long ..A-end bot. center of underframe HITEC HBWF strain gage GF = 4.1 200llfV

SGX5R Long. A-end bot. center of underframe HITEC HBWF strain gage GF = 4.1 200llfV

SGX6R Long. A-end cent. of outside web HITEC HBWF strain gage GF = 4.1 200llfV

SGX7R Long. B-end bot. center of underframe HITEC HBWF strain gage GF = 4.1 200llfV

SGX8R Long. B-end side of longitudinal web HITEC HBWF strain gage GF = 4.1 200llfV

SGX9R Long. B-end bot. center of underframe HITEC HBWF strain gage GF = 4.1 200 11 fV

SGX10 Long. B-end bot. center of underframe HITEC HBWF strain gage GF = 4.1 200 11 fV

SGX11 Long. B·end side of longitudinal web HITEC HBWF strain gage GF = 4.1 200llfV

SGX12 Long. B·end draft gear housing right HITEC'HBWF strain gage GF = 4.1 200llfV

SGX13 Long. B-end bot. center of underframe HITEC HBWF strain gage GF = 4.1 200llfV

SGY1R Lat. B-end bot. of underframe HITEC HBWF strain gage GF = 4.1 200llfV

SGY2R Lat. B-end bot. of underframe HTEC HBWF strain gage GF = 4.1 200llfV

SGY3R Lat. truck 1 bot. center of bolster HITEC HBWF strain gage GF = 4.1 200llfV

SGX14 'Long. B-end lower left underframing HITEC HBWF strain gage GF = 4.1 200llfV

SGX15 Long. B-end lower left underframing HITEC HBWF strain gage GF = 4.1 200llfV

SGZ1R Vert. B-end cent. left underframing HITEC HBWF strain gage GF = 4.1 200llfV .

SGZ2 Vert. B-end cent. left underframing HITEC HBWF strain gage GF = 4.1 2OOllfV'
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Strain gage signals (preprocessed) were collected from the instrumentedwheel sets. These

signals are required for post test processing, Table 5.9 lists the raw measurements.

. . .

Table 5.9 Wheel Set Preprocessed Measurements

I NAM~I
LOCATION

I··,
" "

I& TRANSDUCER SERIAL SYSTEM EU'sj'vOLT
DESCRIPTION . TYPE NUMBER

V19A IWS raw vertical bridge IITRI wheel set 19 1

V19B IWS raw vertical bridge IITRI wheel set 19 1

V19C IWS raw vertical bridge IITRI wheel set 19 1 ,
L19A IWS raw lateral bridge IITRI wheel set 19 1

L19B· IWS raw lateral bridge IITRI wheel set 19 1

VA19 IWS raw vertical bridge IITRI wheel set 19 1

VB19 IWS raw vertical bridge IITRI wheel set 19 1,
VC19 IWS raw vertical bridge IITRI wheel set 19 1

LA19 IWS raw lateral bridge IITRI wheel set 19 1
;

LB19 fINS raw lateral bridge IITRI wheel set 19 1

T19A IWS raw torque IITRI wheel set 19 1

P19A fINS raw position IITRI wheel set 19 1

V20A IWS raw vertical bridge IITRI wheel set 20 1

V20B fINS raw vertical bridge IITRI wheel set 20 1

V20C IWS raw vertical bridge IIT-RI wheel set 20 1

L20A IWS raw lateral bridge IITRI wheel set 20 1

. L20B IWS raw lateral bridge IITRI wheel set 20 1

VA20 IWS raw vertical bridge IITRI wheel set 20 1

VB20 IWS raw vertical bridge. IITRI wheel set 20 1

VC20 IWS raw vertical bridge IITRI wheel set 20 - 1

i LA20 IWS raw lateral bridge IITRI wheel set 20 1

IWS raw lateral bridge
I

LB20 IITRI wheel set 20 1

T20A fINS raw torque IITRI wheel set 20 1

P20A IWS raw position IITRI wheel set 20 1
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Table 5.9 Wheel Set Preprocessed Me~surements (continued)

V21A

V21B

V21C

L21A

L21B

VA21

VB21

VC21

LA21

LB21

T21A

P21A

V22A

V22B

V22C

L22A

L22B

VA22

VB22

VC22

LA22

LB22

T22A

P22A

LOCATION
&

DESCRIPTION

IWS raw vertical bridge

IWS raw vertical bridge

IWS raw vertical bridge

IWS raw lateral bridge

IWS raw lateral bridge

IWS raw vertical bridge

IWS raw vertical bridge

IWS raw vertical bridge

IWS raw lateral bridge

IWS raw lateral bridge

IWS raw torque

IWS raw position

IWS raw vertical bridge

IWS raw vertical bridge

IWS raw vertical bridge

IWS raw lateral bridge

IWS raw lateral bridge

IWS raw vertical bridge

IWS raw vertical bridge

IWS raw vertical bridge

IWS raw lateral bridge

IWS raw lateral bridge

IWS raw torque

IWS raw position

TRANSDUCER
TYPE

IITRI wheel set

UTRI wheel set

UTRI wheel set

IITRI wheel set
, .

UTRI wheel set

IITRI wheel set

UTRI wheel set

UTRI wheel set

UTRI wheel set

UTRI wheel set

UTRI wheel set

IITRI wheel set

UTRI wheel set

IITRI wheel set

UTRI wheel set

UTRI wheel set

IITRI wheel set

UTRI wheel set

IITRI wheel set

UTRI wheel set·

UTRI wheel set

UTRI wheel set

UTRI wheel set

UTRI wheel set
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SERIAL

NUMBER

21

21

21

21

21

21

21

21

21

21

21

21

22

22

22

22

22

22

22

22

22

22

22

, 22

II SYSTEM EU'sjVOLT I
1

1

1

1

1

1

1

1

1

1

1

1



5.4.5 Data Acquisition System (DAS)

Analog signals from 154 signal coiiditioners were multiplexed and digitized with a

HP6944 Multipr'ogrammer. Digital signals were acquired with aHP360 desktop computer

located on the T-5 InstrumentationCar. AD counts were stored with their proper engi­

neerIng unit conversions on 650 megabyte optical disk.

5.4.6 Chart Recorders
/'

Six Western Graphtec MK-lO chart recorders were-l.ocated on the T-5 Instrumenta­

tion Car. Four chart recorders recorded processed data from the instrumented wheel sets

in real time. One recorder was used for each wheel set. Roll angle, lateral acceleration,

and other pertinent measurements were displayed real time on the other two chart record­

ers.

5.4.7 Video System

Four video cameras were mounted under the LCC to record the leading wheel of

each span bolster. The video signals were split to two monitors and then recorded on VHS

video recorders. On-screen annotation and audio were recorded on each test run. The
'. .

video signals were stored on a VHS format video tape.

5.5' STATIC BRAKK TEST INSTRUMENTATION .

The Static Brake Test was performed in the Storage Maintenance Building (SMB) at the

TIC. A locomotive was'used to supply air to the LCC. A single car test device was con­

nected between the locomotive and the LCC to control the brakes on the LCe. An air

gage was installed in the brake line of the LCC to measure brake pipe pressure. Next, the

brake shoes on the A-end of the LCCwere removed and eight instrumented shoes were

used to measure the brake shoe force. The same test was performed on the B-end of the

LCe. While at the B-end, an instrumented shear pin was installed into the handbrake

chain to measure the handbrake force that was applied during the test. All measurements

were displayed with a digital readout. In summary, 10 transducers were used, 8 instrum­

ented brake shoes, 1 air gage, and 1 instrumented shear pin.
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6.0 RESULTS

The results of the LCC testing will be presented in four sections:

Vehicle Characterization

SelVice Worthiness

Track Worthiness

Static Brake Test

6.1 VEHICLE CHARACTERIZATION RESULTS

The LCC vehicle characterization consisted of these tests:

Quasi-Static Truck Characterization

Static Truck Characterization

Modal Characterization

The values obtained are used to characterize the vehicle system. There is no written

success criteria.

6.1.1 Quasi-Static Truck Characterization Results

Plots were made to display the spring stiffness and·damping rate in the particular sus­

pension components. The x-axis corresponds to the displacement measure·ments; the y-axis

corresponds to the rail force measurements (the rail force, not the.actuator load cell, was

used for plots). The upper and lower slopes of the CUlVe corresponds to the spring rate in

kips/inch for the vertical and lateral tests, and inch-kips/radian for the roll tests. The

damping corresponds to the vertical gap (hysteresis) between the upper and lower sloped

lines. The value is measured at various locations of the hysteresis loop and averaged..Fig- .

ure 6.1 is a typical hysteresis plot; in this case, the left vertical spring diSplacement versus

the sum of the left vertical rail forces. Table 6.1 is a list of test runs that were analyzed for

the results.

-.
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Table 6.1 Test Runs Chosen for Data Analysis

I
RUN NAME ~ DESCRIPTION

II FREQUENCY II ~~CK II TEST iii

RI01 RN003 Stroke Control± c.p*" 0.1 Hz 1 Vertical

RI01J~N006 Stroke Control± c.p" 0.25 Hz . 1 Vertical

RIOl RN010 Stroke Control± 2.0" 0.1 Hz . 1 . Roll

RI01 RN014 Stroke Control± 2.0" 0.25 Hz 1 Roll

RI01 RN0l7 Force Control ± SL* kip north 0.1 Hz 1 Lateral

RI01 RN020 Force Control ± SL kip north 0.25 Hz 1 Lateral

RI01 RN023 Force Control ± SL kip south 0.1 Hz 1 Lateral

RI01 RN026 Force Control ± SL kip south 0.25 Hz 1 Lateral

RI02J~.N003 Stroke Control± C.P" 0.1 Hz 2 Vertical

RI02 RN006 Stroke Control± c.p" 0.25 Hz ·2 Vertical

RI02 RNOlO Stroke Control± 2.0" 0.1 Hz 2 Roll

RI02 RN014 Stroke Control± 2.0" 0.25 Hz 2 Roll

RI02 RN017 Force Control ± SL kip north 0.1 Hz 2 Lateral
-

RI02 RN020 Force Control ± SL kip north 0.25 Hz 2 Lateral

RI02 RN023 Force Control ± SL kip south , p.1Hz 2 Lateral

RI02 RN026 Force Control.± SL kip south 0.25 Hz 2 Lateral

RI03 RN003 Stroke Control± C.P" 0.1 Hz 3 VertiCal.

RI03RN006 Stroke Control± c.p" 0.25 Hz 3 Vertical

RI03RNOlO Stroke Control± 2.0" 0.1 Hz 3 Roll

RI03 :RN014 Stroke Control± 2.0" 0.25 Hz 3 Roll

RI03 :RN017 Force Control ± SL kip north 0.1 Hz 3 Lateral

RI03 RN020 Force Control ± SL kip north 0.25 Hz 3 Lateral

RI03 RN023 Force Control ± SL kip south. 0.1 Hz 3 Lateral

RI03 RN026 Force Control ± SL kip south 0.25 Hz 3 Lateral

RI04.RN003 Stroke Control± c.p" 0.1 Hz 4 Vertical

RI04:RN006 Stroke Control± c.p" 0.25 Hz 4 Vertical

RI04··RN010 Stroke Control± 2.0" 0.1 Hz 4 Roll

RI04,RN014 Stroke Control± 2.0" 0.25 Hz 4 " Roll

RI04. RN017 Force Control ± SL kip north 0.1 Hz 4 Lateral

RI04 RN020 Force Control ± SL kip north 0.25 Hz '4 Lateral
-

RI04 RN023 Force Control ± SL kip south 0.1 Hz 4 Lateral

RI04 RN026 Force Control ± SL kip south 0.25 Hz 4 Lateral

• c.p = Full Compressed Spring Distance
• SL = 1/5 Vertical Static Load

77



The L~C does not have a primary suspension. The secondary suspension rates for

the chosen Jertical, roll, and lateral tests were determined. The damping was calculated '

for the vertical and lateral test runs. The spring rates and damping values were averaged

for each truck in the vertical, roll, and lateral configurati()~s. ,Test~ were .conducted with

arid without the Stucki snubbers forinformation. Characteristics without snubbers were

needed for NUCARS modelling.

Nominal values for the same typeof truck that is under the LeC would he 23.1

kips/iIi. spring rate and 19 kips dampirigwithout hydraulic snubbers. Dampirigvalues with

the Stucki HS-7 snubbers installed Will he dependant on the speed that the truck bolster is

travelling.

Table 6.2 gives the secondary suspension average spring rates and damping for the
." n ".

vertical test runs without snubbers.

Table 6.2 Average Vertical Suspension Spring Rate and·

Damping Without Snubbers

TRUCK NO. LEFT SIDE AVERAGE VERTICAL RIGHT SIDE AVERAGE VERTICAL
DATA DATA

.. - . , . '.,,,:~

I Spring Rate II Damping

"
Spring Rate II Damping I

1 29.65 kips/in. ' 9.3 kips 28.65, kips/in. 10.1 kips

'2 23.49 kips/in. ' .' . 7.7 Jqps i • ~ 25.50 kips/in. ' 10.5 kips. ,

3 24.34 kips/in. 10.5 kips 25.22 kips/in. 7.5 kips

4 26.11 kips/in.
o ••

' 6.0 kips 27.58 kips/in. 9.0 kips
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Table 6.3 lists the secondary suspension average roll spring rate for each truck in the

roll test runs.

Table 6.3 Average Roll Spring Rates

I TRUCK NO.

II
AVERAGE TRUCK ROLL SPRING RATES I

1 53,962 inch-kips/radian

2 46,119 inch-kips/radian

3 52,542 inch-kips/radian

4 73,753 inch-kips/radian

Finally, Table 6.4 lists the secondary suspension average spring rates and damping for

each truck in the Lateral Test runs. These results are for the entire truck. Half of the

value would be used for one spring nest.

Table 6.4 Average Lateral Spring Rates and Damping

TRUCK NO. LEFT SIDE AVERAGE LATERAL RIGHT SIDE AVERAGE LATERAL
DATA DATA

I Spring Rate II Damping II Spring Rate II Damping I
1 23.75 kips/in. 33.61 kips 24.98 kips/in. 32.81 kips

2 22.71 kips/in. 36.85 kips 22.95 kips/in. 36.49 kips

3 23.32 kips/in. 33.37 kips 22.24 kips/in. 33.39 kips

4 26.53 kips/in. 34.36 kips 29.37 kips/in. 34.29 kips

The quasi-static truck suspension results are considered reasonable, based upon expe­

rience ~ith other types of three. piece trucks.
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6.1.2 Static Truck Characterization Results,

,: .

Static Truck Characterization Tests were performed on truck 1 and 2,with air bearing
J:' 'I" ' "..'

tables. The results are separated into six categor:ies:

Span Bolster Yaw Moment

Truck Yaw Moment

Axle Alignment

Truck Longitudinal Stif~ne~s

Truck Inter-Axle Yaw and Bending
. " . ; ~ , ;, .

Inter-Axle Shear

6.1.2.1 Span Bolster Yaw Moment Results

Plots of displacement versus force were made to determine the span bolster yaw

mOInents. Figure 6.2 shows a typic~l,force versus displacem~nt plot; in this case, left force

versus the left displacement.

2
1.9,
1.8
1.7
1.6
1.5
1.4

, ,
Vi 1.3'0...
~ 1.2
N 1.1
u 1-.I

w 0.9
u

0.80::
0 0.7l.L

0.6
0.5
0.4
0.3
0.2
0.1

0
0 0.4 0.8 1.2 1.6 2 2.4

TOTAL DISPLACEMENTSP 1 INCHES

Figure 6.2 Force versus Displacement in Span Bolster Yaw Moment Test
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The force increased with relatively small- displacement until the static friction was

overcome. At that point, the span bolster rotated with virtually no increase in force. This

was called the breakaway point. Sirice two actuator~ '~ere used, the actual breakaway

torque or yaw moment was calculated by suinming the two breakaway torques.

Three tests were run in a clockwise directio"n, and three tests were run in a counter­

clockwise direction. The "sawtooth effect" in each plot was caused by pumping the actua­

tors by hand.

The perpendicular distance from each actuat~r to the span bolster center pin was 107

inches; The yaw moment or breakaway force was theri calculated by multiplying the sum of

the two forces by the distance of 107 inches. The average span bolster yaw moment for the

six runs was 350,000 in-Ibs.

6.1.2.2 Truck Yaw Moment Results

The test setup for the individual three piece TnicK Yaw Moment Test was identical to

that for the Span Bolster Yaw Moment Test; however, the distance from the actuators to

the truck center pin was 36 inches. The breakaway for the truck was less gradual than for

the span bolster (Figures 6.3 and 6.4).

The force increased with almost no displacement until the truck broke away; thereaf­

ter, the displacement increased with little or no increase in force.

1.2 -,--1------------------

1
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01-0 I-0.3-O.S-0.7
O. I +--._~-____r-___.__---._~-----r-__f______l

-0.9

TOTAL DISPLACEMEI'T SP2

Figure 6.3 Force versus Displacement for Actuator I-Truck Yaw Moment Test
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Figure 6.4 Force versus Displacement for Actuator 2-Truck Yaw Moment Test

The span bolster had side bearing plates with an air gap between bolster and car

body, and the individual trucks had standard roller side bearings with air gaps between the

rollers and the span bolster. The center bowls of the span bolster and trucks were only

slightly lubricated after a center plate repair that was completed by Rockwell.

Three clockwise and three counterclockwise tests were done on both truck 1 and 2.

The average truck yaw moment was 112,500 in-Ibs.

The yaw moments would be lower with better center bowl lubrication, which was

done during the track worthiness testing in an attempt to improve curving results.
- ,
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6.1.2.3 Axle Alignment Results

The radial misalignment, as well as the lateral misalignment, between the two axles in

trucks 1 and 2 were the subject of this investigation. Six measurements were made during.

each test (Figure 6.5).

T/1.2

j~ ~l jl
;A1

AS2 7r"JII NOt,,1IN,4L ,A.S 1/L

LA2

" " "

I'"
>

89,625"

LA1

~I

~ociol :VisoligrH"ert = CAS, - AS2)/89,625

Figure 6.5 Axle Alignment Measurement

Axle radial misalignment was calculated with the axle spacing values ASI and AS2 as

shown in the above equation in Figure 6.5. Axle lateral misalignment was calculated with

the leading axle and trailing axle measurements LAl, LA2, TAl and TA2. Those numbers

were measured from scales with a Brunson Optical Transit. The transit was first rotated

until LAI was equal to TA2. It was then translated so that LAI and TA2 were on a round

number. LA2 and TAl were then measured; the change (delta) in LA and TA was then

calculated. It was assumed that the transit was parallel to the sideframe when LAI and

TA2 were equal. The lateral misalignment could be implied from the deltas. Table 6.5 is a

tabulation of alignment measurements from trucks 1 and 2.
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Table 6.5 Axle Alignment Results

, ~ ,:

:
RUN TRUCK

~~
DELTA DELTA LATERAL [

NO. NO.. INCHES INCHEs MIS.. LA TA .MIS..
" MRAD INCH INCH INCll

1 1 69.930 69.663 2.978 -0.083 -0.198 0:115
....-

2 1 69.875 69.700 1.953 -0.113 -0:127 0.014

3 1 69.880 69.651 . 2.556 -0.092 -0.133 0.041

Average: 2.496 -0.096 -0.153 0.057

32 2 69.866 69.800 0.736 0.000 -0.041 . 0.041

33 2 69.631 69.545 0.959 0.000 -0.044 0.044

34 2 69.619 69.600 0.212 -0.050 -0.059 0.009

A~erage: 0.636 -0.017 -0.048 0.031

The misalignments were small and fairly consistent for truck 2. They should have .

little or no affect on the on-track performance of the Lee. Truck l's misalignments were

large and could affect curving results. No further analysis was performed, because the axle

to sideframe connection is frictional and alignment will change with operation on the track.
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6.1.2.4 Longitudinal Stiffness Results

Longitudinal stiffness is a measure of the ability of the axles in a truck to move rela­

tive to each other in the longitudinal direction. In standard three piece trucks, the longitu­

dinal stiffness is very high once the bearing adapters run up against the sideframe stops. In

trucks with primary suspension components, there is some stiffness associated with the

shear of the suspension components before the bearing adapters run up against the stops.

The LCC trucks used no primary suspension. Stiffness results from friction between

the axle and sideframe.

K' = F/Lid

K = 2K'ex Ie box stiffness

(-1~16' \
\ )

\ni 1IIIIInV
4 I~ ----F--- ~I

6~ I~ d ~I
truckside stdfness

I

Figure 6.6 Longitudinal Stiffness Theory

NUCARS 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, for run 5 in this case, are shown in Figures 6.7 and

6.8.
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There was one defined slope, and it was calculated with a linear regression, kips/inch.
Due to the fact there is no restoring force, the stiffness resembles a friction.

I
-0.3 -0.1 0.1 0.3 0.5
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Figure 6.7 Right Truck Side Longitudinal Stiffness Plot
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Figure 6.8 Left Truck Side Longitudinal Stiffness Plot
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Table 6.6 is a tabulation of the truck side stiffness measurements. The scatter plot for

all tests is shown in Figure 6.9.

Table 6.6 Truck Side Longitudinal Stiffness Measurements

RUN NO. TRUCK NO. DIRECTION - RIGHT SIDE LEITSIDE
SLOPE 1 SLOPE 1
(kips/in) (kips/in)

4 1 Pulling 94.293 84.328

5 1 Pulling 94.589 95.502

6 1 Pulling 97.939 98.789

8 1 Pushing 87.974 117.539

9 1 Pushing 95.896 103.427

10 1 Pushing 103.307 113.482

Average: 95.666 102.118

Standard Deviation: 5.016 12.165

36 2 Pulling 83.867 78.056

37 2 Pulling 94.126 92.770

38 2 Pulling 96.403 98.438

44 2 Pushing 99.098 104.954

45 2 Pushing 88.488 109.366

46 2 Pushing 102.222 123.413

Average: 94.034 101.166

Standard Deviation 6.818 15.418

Note: Overall Average is 98 kips/in
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Figure 6.9 Longitudinal Stiffness Scatter

The truck side averages were doubled to give axle box stiffnesses.. A final stiffness of
approximately 10 6 kips/in has be.en used in ~{UCARS to represent the condition when the
axles are against the stops. Figure 6.10 displays the characteristic used in the model.
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From the stiffness profile, a NUCARS axle box stiffness look-up table was created
(Table 6.7).
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Figure 6.10 Axle Box LOngitudinal Stiffness Profile

Table 6.7 NUCARS Look-up Table for Axle Box Longitudinal Stiffness

1 " ~L '--'

~ 0 18.75 -'.6,000·I

6 0 3/1 6/1 2 S/I. '--'
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6.1.2.5 Axle Yaw and Inter-Axle Bending Stiffness Results .

.In free curving, the axles would have a tendency to yaw with respect to each other

(Figure 6.11).

~k" 4____ _'- Cl'_~_~ _

K2

Figure 6.11 Axle Yaw Stiffness Theory

K1

The first step in this test was to calculate the ,stiffnes~es on each side of the truck

(K1 and K2 in Figure 6.11) in the same manner as longitudinal stiffness. Linear regressions

were performed on graphs similar to the longitudinal stiffness plots. Table 6.8 shows a

summation of measured values for. each- test. It is noted that when the directions were. . . .' .

changed, the first test usually produced lower results than the following two tests.

An axle yaw stiffness'scatter plot from the summary sheet is shown in Figure 6.12.
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Table 6.8 Axle Yaw Stiffness Summary Sheet

~~
DIRECTION LCI (RIGHT) LC2 (LEFT)

NO. NO. LCI = RIGHT SLOPE 1 SLOPE 1
LC2 = LEFT (kips/in) (kips/in)

11 1 LC2PULLjLCIPUSH 102.740 65.481*

12 i LC2PULL/LCIPUSH 105.364 116.488*

13 1 LC2PULL/LCIPUSH 104.837 ·123.862*

14 1 LC2PUSH/LCIPULL ·69.441* 70.665*

15 1 LC2PUSH/LCIPULL 98.198 106.111

16 1 LC2PUSH/LCIPULL 94.180 106.300

47 2 LCIPULL/LC2PUSH 90.553 89.516

48 2 LCIPULL/LC2PUSH 96.417 101.504

49 2 LCIPULL/LC2PUSH 87.017 99.967

50 2 LCIPUSH/LC2PULL 80.352* 96.735

51 2 LCIPUSHjLC2PULL 105.162 100.988

52 2 LCIPUSH/LC2PULL 94.036 97.587

AVERAGE PULL STIFFNESS: TRUCK 1 105.07 TRUCK 2 94.883

AVERAGE PUSH STIFFNESS: TRUCK 1 96.19 TRUCK 2 98.04

01< These values were not used in average calculations.

The average axle yaw stiffness, Fk, was calculated in the following way; .

F k·=2(K 1 +K 2 )BS

Where: K1 is right side axle displacement and K2 is left side axle displacement. .

. B is the width of the axle.

S is the angle that the axle yaws.

A,1oment Ail = F kB = (K 1+ K 2)B 2
S

KAY = AXLE YAh7 STIFFNESS = "~ = (K 1+ K 2 )B 2
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Truck 1 Axle Yaw Stiffness:

K~y=(105.07+96.19)(79)2= 1,256,064 INCH-KIPSIR'AD

Truck 2 Axle Yaw Stiffness:.

K~y = (94.883 + 98.04)(79)2 = 1,204,032 INCH - KI PSI R AD

To aide the vehicle dynamics modelling effort, tpese values were compared to those

calculated by NUCARS from the longitudinal stiffness inputs.
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Figure 6.12 Axle Yaw Stiffness Scatter Plot

6.1.2.6 Inter-Axle Shear Stiffness Results

Two test problems were encountered during inter-axle shear stiffness testing. The

first problem encounteredwas lateral slippage of the wheels on the wheel chocks, which

were made of lead. ·This resulted in an unrealistic stiffness measurement. The wheels were

subsequently shimmed to prevent lateral slippage.

The next problem encountered was longitudinal slippage of the wheel chocks, which

enabled the tables to rotate slightly. That problem was solved by applying chocks on each '

wheel to prevent longitudinal slippage. Due to these problems only some of the test data is

representative of inter-axle shear stiffness.
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Three shear stiffness values were found from each plot. The force increased on a lin- .

ear scale until the frictional snubbers broke loose; then, the force increased slightly with

large displacements as the snubbers slid across the sideframe. The snubbers then ran up

against the stops yielding a high stiffness. Figure 6.13 shows typical test results after the

lateral slippage problem was corrected.
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Figure 6.13 Shear Force versus Displacement for

Inter-Axle Shear Test Run

Once the force wasreleased, the truck only partially restored itself, indicating that the

truck has little or no restoring force while the snubber is sliding.
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6.1.3 Modal Response Results

Table 6.9 is a list of runs in the Modal Response Test matrix including the modes

investigated in each run. Three of the vertical runs used only o:Q.e actuator to facilitate use

of a computer model.

.. Table 6.9 ·.LCC Mod~l Test Log

I . RUN NAME

II
RUN DESCRIPTION

II
MODE

IINVESTIGATED

LCCM RNOOI +/ - kip Vertical, .2 - 5 Hz Bounce
LCCM RN002 +/- kip Vertical, .2 - 5 Hz and
LCCM RN003 +/ - kip Vertical, .2 - 5 Hz Pitch
LCCM_RN004 +/. kip Vertical, .2 - 5 Hz
LCCM RN005 +/- kip Vertical, .2 - 5 Hz, One Actuator

tCCM}~.N006 .2 Constant G, 3 - 30 Hz, Run Aborted Vertical
LCCM RN007 .2 Constant G,3 - 30 Hz, Run Aborted Bending
LCCM RN008 .2 Constant G; 3 - 30 Hz, Vertical, One Actuator

, , - ' .1' , ,

LCCM RN009 .2 Constant G, 3 - 30 Hz, Vertical, One Actuator

LCCM RNOI0 +/- 5 kip Vertical out-of-phase, .2 - 5 Hz Roll
LCCM RNOll +/- 10 kip Vertical out-of-phase, .2 - ~O Hz
LCCM RN012 +/- 15 kip Vertical out-of-phase, .2 - 10 Hz

LCCM RN013 .1 Constant G, 3 - 30 Hz, Vertical Vertical
LCCM RN014 .15 Constant G, 3 - 30 Hz, Vertical Bending
LCCM RN015 .2 Constant G, 3 - 30 Hz, Vertical
LCCM RN016 .3 Constant G, 3 - 30 Hz, Vertical
LCCM RN017 .4 Constant G, 5 - 30 Hz, Vertical
LCCM RN018 .5 ConstantG, 10 - 30 Hz, Vertical

LCCM RN019 .1 Constant G, 3 - 30 Hz, Vertical out-of-phase Twist
LCCM RN020 .15 Constant G, 3 - 30 Hz, Vertical out-of-phase
LCCM RN021 .2 Constant G, 3 - 30 Hz, Vertical out-of-phase
LCCM RN022 .3 Constant G, 3 - 30 Hz, Vertical out-of-phase
LCCM RN023 .4 Constant G, 3 - 30 Hz, Vertical out-of-phase

LCCM RN024 +/ - 5 kip Lateral, .2 - 5 Hz Yaw
LCCM RN025 +/ - 10 kip Lateral, .2 - 10 Hz And
LCCM RN026 +/ - 15 kip Lateral, .2 - 10 Hz Sway
LCCM RN027 +/- 15 kip Lateral, .2 - 5 Hz-
LCCM RN028 .1 Constant G, 3 - 30 Hz, Lateral Lateral
LCCM RN029 .15 Constant G, 3 - 30 Hz, Lateral Bending
LCCM·RN030 .2 Constant G, 3 - 30 Hz, Lateral
LCCM RN031 .3 Constant G, 10 - 30 Hz, Lateral
LCCM RN032 .4 Constant G, 15 - 30 Hz, Lateral
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6.1.3.1 Rigid Body Vertical and Roll Results

Data from the Vertical and Roll Tests was used to obtain pitch, bounce, and roll reso­

nant frequencies. A transfer function between the actuator input force and the A-end

upper right corner vertical acceleration is shown in Figure 6.14. Roll was found at 0.5 Hz,

bounce at 4 Hz, and pitch at 7 Hz. The plot is from run LCCM_RN005 where a sine wave

was applied to the actuator and swept from 2 Hz to 10 Hz.

Figure 6.15 shows the phase plots of the accelerometers located on either side of the

A-end of the LCe. It can be seen that they are 188 degrees out of phase which would

verify the roll frequency at 0.5 Hz.

Figure 6.16 is the phase plots of accelerometers located at both the A- and B-ends of

the LCe. At 4 Hz the ends of the car are 14 degrees out of phase and at 7 Hz the ends of

the car are 148 degrees out of phase, indicating the spikes in the transfer function at 4 Hz

and 7 Hz (figure 6.14) correspond to bounce and pitch, respectively.

A Rockwell finite element analysis of the LCC predicted a roll frequency of 0.62 Hz,

a bounce frequency of 1.78 Hz, and a pitch frequency of 9.79 Hz.
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Figure 6.14 Pitch and Bounce Transfer Function
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6.1.3.2 FleXible Body Vertical Results

Data from the six vertical runs was used to obtain the first vertical bending frequency

and mode shape. A constant g input was used in a sine sweep to 30 Hz. The displacement

was reduced as the frequency increased, keeping the acceleration level constant.

Figure 6.17 is a transfer function from a vertical accelerometer at the middle of the

car for run LCCM_RN009. The peak near 13 Hz is the vertical car body bending fre­

quency. This peak was 149 degrees out-of-phase with tpe A-end of the car and 218 degrees

out-of-phase with the B-end of the car (Figure 6.18). The first and second peaks in the

transfer function are effects of the bounce and pitch modes.
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. Figure 6.17 Transfer Function of AZ08 versus VAFI
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Upon closer examination of the Power Spectral Densities (PSD) and transfer func­

tions, the peak was found to be at 13.25 Hz. The transfer functions were curve fit with

Stmctural Measurement Systems (SMS) Moda13.0SE software to produce synthetic bending

shapes. Figures 6.19 and 6.20show the vertical bending in both directions. A simple struc­

ture was used and amplitudes were exaggerated to illustrate the bending shape.
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z

Figure 6.19 Upward Vertical Bending Shape

z

Figure 6.20 Downward Vertical Bending Shape
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6.1.3.3 Flexible Body Torsion Results

The Flexible Body Torsion Test was 'performed in the same manner as the Flexible

Body Vertical Test, with one exception. The two actuators were run 180 degreesout-of- .'.

phase with co~tant g sine sweeps used as input. Figure 6.21 shows a transfer function

between actuator force and a corner vertical accelerometer. The spike at 20 Hz was the

same amplitude but 131 degrees out-of-phase with an accelerometerlocate,d on the same
. , .

side but opposite end ofthe car., The other corners were 139 degrees out-of-phasewith

each other, which would be a twisting motion. Figure 6.22 shows the phase relationships ..

between all four corners of the Lee at 20 Hz.
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>

Figure 6.23 shows the. twisting motion near 20 Hz. The model is simplified to show

twist.

z

Figure 6.23 LCC Twist Mode

101



6.1.3.4 Rigid Body Lateral Results

The rigid body lateral runs were used to determine yaw and sway resonant frequen­

cies. Figure 6.24 shows a transfer function between input force and the A-end lateral accel­

eration for run LCCM...,.RN030.
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Figure 6.24 A-end Lateral Car Body Acceleration Tninsfer Function

The spike at 6 Hz was believed to'be yaw. The transfer function at the B-end of the

. car showed a spike at 6 Hz as well. It was 153 degrees out-of-phase with the A-end and

approximately the same amplitude (Figure 6.25). This would indicate yaw.

The next spike seen in the transfer function in Figure'6.24 is approximately 7 Hz.
• . , 1

This spike is seen at the B-end of the LCt with the same amplitude as the A-end and only

69 degrees out-of-phase (Figure 6.25). This was believed to'be sway; however, upon closer

examination, the spike is found to correspond to the upper center roll frequency. A sway

mode was never found.

ARockwell finite element analysis of the LeC predicted a yaw frequency of 2.19 Hz,

and a sway frequency of 1.93 Hz.
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6.1.3.5 Flexible Body Lateral Results

A lateral input of 0.2 g from 3 Hz to 30 Hz was input to the car body during run

LCCM_RN030. This run was used to determine the first lateral bending mode. The first

spike (around 7 Hz) in the transfer function of a lateral accelerometer located in the

middle of the car, shown in figure 6.26, is the upper center roll mode. The second large

spike in the transfer function between the lateral accelerometer at the cent,er of the car and

the driving force was between15 Hz and 18 Hz (Figure 6.26). Upon closer examination

with the SMS Moda13.0SE softWare, the lateral bending frequency was found to be at 17
Hz. "
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Transfer functions at both ends of the LCC show the same spike at 17 Hz and are

approximately 176 degrees out-of-phase from the middle of the car (Figure 6.27). Figures

6.28 and 6.29 are the left and right bending shapes of the Lee.
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Figure 6.28 Left Bending Shape of the LCC

y

Figure 6.29 Right Bending Shape of the LCC

The LCC is a very stiff car; therefore, 17 Hz i~ a reasonable lateral bending fre­

quency. No prediction was made for this mode.
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6.1.4 Vehicle Characterization Results SummaO'

Table 6.10 presents a sUJ;Ill11ary of the vehicle characterization data, which was pro-'

vided for NUCARS modeling support.

Table 6.10 Air Bearing and Modal Results Summary

I PARAMETER

II
VALUE I

Vertical Spring Stiffness with snubbers 26.08 kips/in

Vertical Spring Damping with snubber,s ~
"

11.61 kips

Vertical Spring Stiffness without snubbers' 26.32 kips/in

Vertical Spring Damping without snubbers 8.83 kips
,',

,

Truck Roll Spring Rate 56,519 in-kips/radian

Lateral Truck Stiffness 24.48 kips/in

Lateral Truck Damping 34.40 kips

Span Bolster Yaw Moment 350,000 in-Ibs

Single Truck Yaw Moment 112,500 in-Ibs

Axle Alignment Truck No.1 - 2,496mrad

Truck No.2 - 0.636 mrad

Longitudinal Stiffness 98.5 kips/inch

Axle Yaw and Inter Axle Bending Stiffness 1,200,000 in-kips/mrad

Inter Axle Shear Stiffness Not Used for NUCARS

Bounce Frequency 4.0 Hz

Pitch Frequency 7.0 Hz

Roll Frequency 0.5 Hz

Upper Center Roll Frequency 7Hz

Yaw Frequency 6Hz

First Vertical Bending Frequency 13.25 Hz

First Torsional Frequency 20.0 Hz
'.

First Lateral Bending Frequency 17Hz
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6.2 SERVICE WORTHINESS RESULTS

The following tests were performed on the LCC during service worthiness testing:

Single Car Impact Test

Compressive End Load Test

Curve Stability Test

6.2.1 Sin2le Car Impact Results

The LCC was impacted into three 70-ton hopper cars with the non-struck car

handbrake tightly set. The purpose of this test is to obserVe that no permanent dam­

age to the car structure occurred due.to impact. The LCC was impacted on the A­

and B-ends at speeds between 2 and 6 mph. The Air Force and Rockwell limited

the maximum speed to 6 mph. Coupler forces ranged from 305 kips to 801 kips on

the A-end and 272 kips to 843 kips on the B-end: Table 6.11 lists the results of the

LCC Impact Test.

Chapter XI limits the coupler force to 1.25 million pounds and speed to 14 mph. Due

to test restrictions, these limits were not reached. The LCC w~s inspected and no damage

was found.
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Table 6.11 LCC Impact Speeds and Coupler Forces

TRUCK END SPEED (MPH) COUPLER FORCE (KIPS)

A-end 2.9 305

A-end 3.6 388

A-end 4.0 565

A-end 4.6 699

A-end 5.1 , 685

A-end 6.3 801

B-end 2.4 272

B-end 3.0 372

B-end 3.9 382
, .

B-end 4.9 770

B-end 6.0 843
,
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6.2.2 Compressive End Load Results
,- .. '

T4e LCC was tested with a I-million pound compressive force in the squeeze fixture

at TIe. :The force was increased from 100 kips to 1000 kips in 50 kip intervals. Once at

I-million pounds, the force was held for 60 seconds. Mter the test, the LCe was inspected

for any permanent damage. No damage was found. Twenty strain gage measurements

were collected for Rockwell.

6.2.3 Curve Stability Results

TheLCC was placed in a consist on a lO-degree curve with less than 1/2 inch super­

elevation. A 200,000 pound buff and draft (compress and extend) force was applied to the

LCe in ~he consist. The LCC was monitored for wheel lift with the wheel lift gage (Figure

5.22) on the inside of the curve for buff and the outside of the curve for draft. No wheel lift

occurred on the LCC during the Curve Stability Test.

The car was inspected after the test and no damage was noted..

6.3 TRACK WORTHINESS RESULTS

Pre-test predictions were made with the NUeARS model for all LCe track worthiness

tests. Appropriate predictions will be noted in each subsection. The predictions were

extracted from Peacekeeper Rail Garrison, Launch Control Car (EMS-2) Pre-test Track

Worthiness Predictions Report.! Chapter XI criteria were used as a guideline to compare to

the measured performance of the LCC and to indicate safe conduct of each test. The tests

were not performed to certify the LCe. The criteria were not used as pass/fail.

1 Peter Klauser, Association of American Railroads, Peacekeeper Rail Garrison, Launch
Control Car (EMS-2) Pre-Test Track Worthiness Predictions Report, October 1990.
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6.3.1 Hi2h Speed Stability Results

There were two limiting criteria for the High Speed Stability Test: maximum axle sum

LjV of 1.3, and maxiri:mm peak-to-peak lateral car body acceleration of 1.0 g sustained for

20 seconds. ' The maXimum test speed was 60 mph. Table 6.12 tabulates the high speed

stability resultS and predictions..

Table'6.12 Lee Hunting Results

SPEED MAXIMUM PEAK-TO-PEAK

I
MAXIMUM AXLE

I
(MPH) LATERAL ACCELERATION (g) SUMLjV

I Actual II Predicted II Actual II Predicted I
30 0.20 nja 0.31 nja

40 0.22 0.05 0.33 0.15

50 0.50 0.29 0.46 0.29

55 1.20 nja
,

0.85 nja

57 1.30 nja 0.96 nja

60 1.20 0.28 1.03 0.31

The maximum lateral car body acceleration given in Table 6.12 are instantaneous.

The worst speed seemed to be 57 mph. At 57 mph the LCe was unstable, but the accelera­

tion values were never sustained for 20 seconds at 1 g peak-to-peak. Figure 6.30 shows a

time history of the accelerations at the B-end of the LCe for a speed of 57 mph. The time

history shows clearly that the Lee was unstable at this speed. The LCe was tested in its

normal loaded condition because there is no empty condition. Should the LCC ever be

empty or weigh considerably less (possibly for shipping reasons), hunting would be a prob­

lem abov~ 50 mph.
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Chapter XI criteria are intended to address derailment probability for freight equip­
ment. Ride quality, which would be poor at speeds above 55 mph is not addressed.
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6.3.2 Constant Curving Results· i ." .

Tests were performed in the clo~~seand counterclockwise directions on the 4-, 7.5-,

and 12-degree curves. A minimum o(tl~ree test speeds are required by Chapter XI. These

are at balance (for curve elevation) and below and above balance speed. The testsp.eeds· .

for each curve are shown in table 6.13.. Speeds of 20 mph ~m the 4~degree c~rve, ·16 and 24.

mph on the 7.5-degree curve, and 14 mph on the 12-degree curve were the onlyspeeds to
be tested with the LCe. . . (

Table 6.13 .LCC Constant Curving Test Speeds ,

DEGREE SUPER BALANCE ABOVE BALANCE BELOW BALANCE
ELEVATION SPEED SPEED SPEED

4 3 '" 33 40 20

7.5 3 24 32 .. 14

12 5 24· . '. 32 16

Speeds of 32 mph on the 7.5-degree curve and speeds.of 24aild 32 mph on the 12-de­

gree curve were not tested.. Single occurrences above the Chapter XI limits occurredand

testing was stopped by the Air Force. Since these tests, Chapter XI limits now only specify

a 95th percentile limit. Single occurr:ences above the limit can :occur as long as they occur

less than 5 percent of the time.

Tabl~ 6.14 summarizes results for the 4-degreecurve; ,

Table 6.14 LC<: 4-Degree Cu~ng Result~,

SPEED (MPH) WHEELLjV AXLESUMLjV
AND - 95th PERCENTILE 95th PERCENTILE

DIRECTION (.8 LIMIT):. .. (1.3 LIMIT) '..

I Actual II Predicted II Actual II
Predicted

j I. '
..

20 cw 0.48 nja ., 0.84 . nja

20 ccw ·OA6 nja 0.85 nja

33 cw not tested nja not tested nja

33 ccw not tested nja not tested nja

'~()t tested
..

40cw not tested n/a nja

40ccw not tested nja not tested nja
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The results reflect the 95th percentile values and are only for the steady state condi-
. .

tiop.. The steady state condition \:Vas assumed to begin when the LeC was completely in the

curve ana to end ju~tbef~r~ the leading end of the LeC entered the exit spiral. Curve
• C I " , . r", ~~ ';' . _

entry a.nd exitare covered in Section 6.3.3. The LCe performed the same clockwise as

counterclockwise. No piedicti~nsare available for the tests performed in theA-degree

curve.. Speed~ abo~e 20 mph were ~ot tested in thy' 4-degree curve because higher speeds

in adjace'ntcurves (7.S-degree and 12-ctegree) c~ul(f~6t be tested.

Table 6.15 summarizes the actual and predicted results for the 7.5-degree curve.

/

Table 6.15 LCC Constant 7.5-Degree Curving Results

.. . ~- .

SPEED ,(MPH) . /WHEELL/V " .' . AXLESUML/V
.AND 95th PERCENTILE 95tll pERCENTILE

DIRECTION .8 LIMIT
..

1.3 LIMIT

'Actual .' ,I Predicted .",I . Actual II Predicted I
14 cw (10) . 0.56 . • 0.5 1.04 0.95

14ccw 0.65·. nla 1.14 nla

24cw 0.51 0.42 0.93 0.82
, "' .

24ccw not tested nla not tested nla

32cw not tested 0.37 not tested 0.73·

32ccw not teste,d nla not tested nla
"

( ) Model:Speed

The counterclockwise direction yielded slightiy"higher 95th percentile L/V's than the.

clockwis~ directi01?-. Figure 6.31'ls atime" history Of 'the lead axle, right wheel (flanging

wheel) L/Voftruck lfor aecw 7.Sdegree cUrVeAest at 14 mph. Some single occur­

rences above the Chapt.er xi' criteria were observed, however, the 95th percentile value is

below th~ Chapter XI criteria. All of the L/V values above the Chapter XI criteria for

under balance and balance speeds were less than 50 milliseconds in duration for the 7.S-de­

gree cu~e. Speeds above 24 mph were not tested in the 7.S-degree curve because higher

speeds in the adjacent 12-degreecurve could not be tested.
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Figure 6.31 Time History of Axle 7 Right Wheel L/V for 7.S-Degree Curve

Table 6.16 suIllli1arizes the actual and predicted results for the 12-degree test.

Table 6.16 LCC Constant 12-Degree Curving Results

SPEED (MPH) WHEELL/V AXLE SUM L/V
AND 95th PERCENTILE 95th PERCENTILE

DIRECTION .8 LIMIT 1.3 LIMIT

Actual I Predicted II Actual II Predicted I
16 cw (15.5) 0.67 0.55 1.15 1.04

16ccw 0.77 nla 1.26 nla

24cw not tested 0.49 not tested '0.98

24ccw not tested nla not tested nla
«

"',
32cw not tested 0.47 not tested 0.93

32ccw not tested nla not tested nla

( ) Model Speed
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The counterclockwise L/V results for a right hand turn on the 12-degree curve are

somewhat higher than the clockwise L/V results. The values presented in Table 6.16 are

within the Chapter XI 95th percentile limit; however, many exceedances above the Chapter

XI limits of 0.8 for wheel L/V and 1.3 for axle sum L/V were seen in the counterclockwise

direction. The center bowl was lubricated in an attempt to improve the results. The lubri­

cation had no affect on the results~ Testing was. suspended at the direction of the Air

Force because the exceedances still occurred. Fi'gure 6.32 is a time history of the lead axle,

left wheel (flanging wheel) L/V in the lead truck for a 12 degree curve test at 16 mph. Sev~

eral occurrences above the Chapter XI criteria can be seen, some well over 50 msec, but all

less than 5% of the total time.
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Figure 6.32 Time History of Lead Axle Flanging Wheel in 12-Degree Curve

Figure 6.33 shows the 95th percentile wheel L/V's for both clockwise and counter­

clockwise directions on the 12-degree curve at below balance speed (16 mph). Predicted.

values and the Chapter XI limit are also shown.

115



> CH XI LIMIT
"-....0.8 ~";';;"::;:;;;';""----------------------l
:....J

:2
~
en 06

W
----.J
X
« 0.4

~

--C
-+---'
L()
0)0.2

0'------
16

SPEED (mph)
~ ACTUAL CLOCKWISE ~ ACTUAL CCW §§§ PREDICTED

Figure 6.33 95th Percentile Wheel LfV's for the 12·Degree Curve

Figure 6.34. shows the 95th percentile axle sum L/V's for both directions on the 12-de­

gree curve. Predictions and the Chapter XI limitations are also shown.
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Figure 6.34 95th Percentile Axle Sum L/V's for the 12.Degree Test
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Three things are evident in the two previous figures. First, steady state performance
is slightly worse.for a right turn than a left turn in a 12-degree curve. Second, the fact that

the wheel L/V trends were very similar to the axle sum L/V trends indicates a good test for
a three-piece truck performance. On dry curved track with a coefficient of friction of 0.5, a

, , ,

0.8 wheel L/V should be accompanied by a 0.5 L/V on the opposite, wheel barring any
large longitudinal force. This would yield a 1.3 axle sum L/V. The L/V for 'the wheel that
is not flanging should not exceed the static coefficient of friction of that interface. The data
yielded an average coeffiecient of friction of 0.5 indicating dry track. Finally, the vehicle

performance was within Chapter XI 9Sth percentile criteria at 16 mph even with some high

single occurrences. Individual L/V's in excess of 50 msec duration are considered impor­
tant in all other Chapter XI tests. The LCC was never tested at balance or above balance
speeds in the 12-degree curve by the direction of the Air Force.

In summary, the LCC was tested in three curves, Jhe 4-degree curve, the 7.S-degree
curve and the 12-degree curve. The LCC performed below the Chapter XI criteria in all of

the curves, however; single occurrences above the Chapter XI L/V limits over 50 msec in,
, >

duration were noted in the 12-degree right hand curve while at a speed of 16 mph. The 50

msec d~ration criteria is used in other Chapter XI tests as an indicator of safe performance.
The new Chapter XI standard for constant curving allows 50 msec exceedances if they

occur less than 5% of the time. As seen in Figure 6.23" the exceedances were above the
Chapter XI limit much more than 50 msec. Although the total duration was less than 5%
of the time, the Constant Curving Tests were stopped. Above balance speeds were never
tested on any curve and balance speeds were never tested on the 12-degree curve.

6.3.3 Curve Exit and Curve Entry Results

Curve entry and exit performance was measured during the Constant Curving Tests.

The 7.S~degreecurve had standard spirals at each end that were 200 feet long. A standard
spiral i~ the section of track which makes the transition from'tangent to curve with constant

changes in curvature and superelevation with distance. The 12-degree curve has a bunched
spiral at one end. The bunched spiral was curve exit for clockwise runs and a curve entry

for cou~terclockwise runs. Chapter XI only specifies the bunched spiral for the official
curve entry test. The bunched spiral makes the change in curvature throughout the spiral
but the change in superelevation is bunched in the middle 100 feet of the spiral. The limit-

, ,

ing criteria for spiral negotiation were 10 percent minimum vertical wheel load and a maxi-
mum wheel L/V of 0.8.

"

Table 6.17 summarizes the 7.5-degree curve entry and exit results on a standard spi-
, .

ral. The predictions are for.a bunched spiral. Curve exit L/V values were slightly higher

than curve entry results for both clockwise and counterclockwise tests.

. , .
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Table 6.17 7.S-Degree Cunre Entry and Exit Results

SPEED I CURVE ENTRY
II

CURVE EXIT I(MPH)

Wheel Load Wheel Load
Actual Predicted Percent of Static Actual Predicted Percent of Static

WheelLjV WheelLjV 10% Min. Limit Wheel L/V Wheel LjV 10% Min. Limit

.8 Limit ,BB .8 Limit' BI pred·"l

14 (10) 0.64 0.55 58 52 0.78 0.61 58 49

24 0.55 -0.56 68 51 0.65 0.50 63 50

32 not tested 0.57 not 40 not tested 0.45 not 41
tested tested

( ) Model Speed

Table 6.18 is a summary of the 12-degree curve entry and exit results. Results are

shown for both directions for entry or exit. Again, all predictions are for a bunched spiral.

Table 6:18 12-Degree Spiral Negotiation Summary

SPEED I CURVE ENTRY i CURVE EXIT I(MPH)

ANDDIR Actual Predicted Actual Predicted Actual Predicted Actual Predicted
Wheel Wheel Min. Min. Wheel Wheel Min. Min.
LjV LjV Wheel % Wheel % LjV LjV Wheel % Wheel %

.8 Limit 10% Limit -- .8 Limit 10% Limit

16 cw (15.5) 0.92 nja 46 nja 0.78 3.58 52 14

16 ccw (15.5) 0.83 1.42 45 21 0.87 nla 46 nja

24cw not tested nja not tested nja not tested ' 6.66 not tested '13

24ccw not tested 1.10 not tested 10 not tested nla not tested nla

32cw not tested nja not tested nja not tested ' 3.37 not tested ' 14

32ccw not tested 1.15 not tested 13 not tested nja not tested nla

( ) Model Speed
'/< Incomplete NUCARS simulation ending in predicted derailment, results intended for comparative purposes only.

WHERE: 1. Curve Entry Clockwise Standard Spiral
2. Curve Entry CCW................................. Bunched Spiral
3. Curve Exit CW...................................... Bunched Spiral
4. Curve Exit CCW Standard Spiral

As a curve entry, the bunched spiral was slightly less severe than the standard spiral.

The highest wheel L/V observed was 0.92 in the standard spiral and 0.83 in the bunched

spiral. These values both exceeded the Chapter XI limits. The vertical wheel load for
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curve entry was 46 percent and 45 percent of the static vertical load in the standard spiral

and bunched spiral, respectively., Both values are four times higher (better) than the

Chapter XI minimum criteria of 10 percent.

As a curve exit, the bunched spiral also produced lower L/V's than the standard spi­

ral. The bunched spiral exit L/V results were less than the Chapter XI limit at 0.78, but the

standard spiral exit L/V was higher than the Chapter xi criteria at 0.87. The LCC

performed better in.the bunched spiral than in the standard spiral at 16 mph. Higher

speeds were not tested at the direction of the Air Force because of the high L/V values

found in the Constant Curving Test. The computer model predicted derailment at speeds

above 18 mph in the 12-degree curve bunched spiral eXit. '

Figure 6.35 shows a comparison of the maximum wheel L/V's from the 12-degree

curve entry and exit tests on the bunched spiral.
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Figure 6.35 LCC Bunched Spiral Wheel LfV Results
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In summary, three curves were tested, the 4-degreecutve, the 7.S-degree curve and

the 12-degree curve. Curve entryano curve exit results were tabulated for the 7.5- and

12-degree curve spirals. The LCC performed below the Chapter XI criteria in the 7.5 .

degree standard curve entry and curve exit spirals. However; the L/V results exceeded the

Chapter XI criteria in both the standard and bunched spirals at.either end of the 12-degree

curve. Since the Constant Curving Tests were stopped, above balance speeds were never

tested on any curve and balance speeds were never tested on the 12-degree curve, therefore

no additional data is available for curve entry or curve exit.

6.3.4 Pitch and Bounce Results

The safety criterion listed in Chapter XI for pitch and bounce is in reference to mini­

mum vertical wheel load. The limifis 10 percent of the static vertical wheel load.

The first step in the pitch and bounce data analysis was to determine the static verti­

cal wheel load for each instrumented wheel. Fifteen runs were analyzed to determine the

rolling vertical wheel load. The entrance zone to the twist and roll testing section was used

as this is well maintained tangent track. The resultant average vertical wheel load was used

for all of the minimum vertical wheel load calculations.

Table 6.19 is a tabulation of the actual and predicted minimum vertical wheel loads

for the Pitch and Bounce Test.

Table 6.1, Pitch.and Bounce Test Results

SPEED ACTUAL MINIMUM VERTICAL PREDICTED MINIMUM VERTICAL
(MPH) WHEEL LOAD PERCENT WHEEL LOAD PERCENT

10% LIMIT

30 74 88

35 76 88

40 76 88

45 74 88

50 70 87

55 70 85

57 67 n/a

60 70 84
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Figure 6.36 shows a comparison of actual, predicted, and limiting values. The lowest

vertical wheel load was 67 percent of the static vertical wheel load at 57 mph. This is much

higher than the Chapter XI limit of 10 percent.
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Figure 6.36 Pitch and Bounce Test Results
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6.3.5 1\vist and Roll Results

.Chapter XI specifies three limiting criteria for twist and roll. The first is a 10 percept

mimmum vertical wheel load. The second is a maximum axle sum L/V of 1.3 and the t4ir~

is a maximum car body roll angle of 6 degrees peak-to-peak. Table 6.20 summarizes the

test data and predictions for each criterion. .

Table 6.20 1\vist and Roll Results

MINIMUM MINIMUM ROLL ROLL AXLE AXLE
SPEED VERTICAL VERTICAL ANGLE ANGLE SUM SUM
(MPH) WHEEL WHEEL DEGREE DEGREE L/V L/V

LOAD LOAD ·P-T-P ·P-T-P
PERCENT· PERCENT -6-DEGREE
10% LIMIT LIMIT 1.3 LIMIT

I Actual II Predicted II Actual II Predicted II Actual
II

Predicted I
10 67 n/a 0.80 n/a 0.35 n/a

15 (16) 67 65 1.40 0.8 0.30 .024

18 50 62 1.60 1.0 0.39 0.22

20 46 60 1.60 1.1 0.44 0.24

22 46 49 1.60 1.5 0.42 0.26

24 50 66 1.68 0.7 0.42· 0.28

26 54 67 1.68 0.7 0.44 0.30

30 54 66 1.60 0.8 0.42 0.31

35 54 n/a 1.60 n/a 0.46 n/a

40 55 65 0.88 0.7 0.53 0.34

45 58 n/a 0.80 n/a 0.46 n/a

48 (50) 58 60 0.80 0.6 0.51 0.41

55 58 n/a 0.60 n/a 0.58 n/a

58 46 n/a 0.60 n/a 0.75 n/a

60 50 61 0.60 0.5 0.92 0.52

( ) Model Speed

• Peak-To-Peak

122



The minimum vertical wheel load was 46 percent of the static vertical wheel load at

20 and 22 mph, which is much higher than the Chapter XI 10 percent minimum limit. Fig­

ure 6.37 shows acomparison of actual versus predicted vertical whedunloading for the

Twist and Roll Test.
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The largest peak-to-peak roll, 1.68 degrees, was at 24 mph and 26 mph.. This was

below the 6-degree Chapter XI maximum limitation. Figure 6.38 shows a comparison of
actual versus predicted roll angles.
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The highest axle sum LjV was below the 1.3 limit. It measured 0.92 at 60 mph. This

speed was w~ll above the expected twist and roll resonant speed and may just reflect a

measure of high speed instability. Figure 6.39 shows the axle sum LjV results.
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6.3.6 Dynamic CurvioK Results. I

The Dynamic Cuhre Test wa~ conducted on the la-degree curve of the WRMtrack.

The lO-degree curve is shimmed similar to the twist and roll zone to proVide a maximum·

cross level perturbation of 0.5 inch combined with lateral perturbations giving a maximum

gage of 57.5 inches and a minimum gage of 56.5 inches (Figure4.23).. ,

Chapter XI specifies four limiting parameters for dynamic curving: a maximum wheel

L/V of 0.8, a rilaxirimm axle sum L/V of 1.3, a maximum roll angle of 6 degrees peak-to-. /

peak, and a minimum vertical wheel load of 10 percent for the static vertical wheel load.

The Dynamic Curving Test was performed only in the counterclockwise direction.

Testing started at 6 mph and incremented at 2 mph for each test. This low test speed was

requested by the Air Force. Normal test speeds would begiri at a speed below the lower
i ' , '

center roll resonance of the test car (12 mph in this case) and increase in 2 mph increments

until a 3 inch overbalance speed is achieved (32 mph in this case). Table 6.21 is a summary

of the dynamic curving results. Preaictions started at 12 mph. At that speed the axle sum

L/V was 1.31. .The highest prediction of axle sum L/V is 1.4 at 22 mph~
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Table 6.21 Dynamic Curving Results

MIN. MIN. ROLL ROLL AXLE AXLE WHEEL WHEEL
SPEED VERT. VERT. ANGLE· ANGLE' SUM SUM L/V L/V
(MPH) WHEEL WHEEL DEGREE DEGREE L/V L/V

LOAD LOAD ·P-T-P ·P-T-P .8
PERCENT PERCENT 6-DEGREE 1.3 LIMIT
10% LIMIT LIMIT LIMIT

I Actual II Predicted II Actual II Predicted II Actual II Predicted II Actual II Predicted I
6 59 nla 0.40 nla 1.11 nla 0.66 nla

8 61 nla 0.44 nla 1.46 nla 0.90 nla

10 not tested nla not tested nla not tested nla not tested nla

12 not tested 63 not tested 0.8 not tested 1.31 not tested nla

16 not tested 70 not tested 0.6 not tested 1.33 not tested nla

18 not tested 70 not tested 0.6 not tested 1.35 not tested nla

20 not tested 70 not tested 0.7 not tested 1.37 not tested nla

22 not tested 69 not tested 0.8 not tested 1.40 not tested nla

24 not tested 68 not tested 0.8 not tested 1.38 not tested nla

26 not tested nla not tested nla not tested nla not tested n/a

28 not tested nla not tested nla not tested' nla not tested nla

30 'not tested nla not tested nla not tested nla not tested nla

32 not tested 60 not tested 1.1 not tested 1.36 not tested nla

• PEAK-TO-PEAK

Axle 7 from the A-end always yielded the highest single wheel L/V. That was the

lead axle on the trailing truck, right side. The right side was the high side of the curve.

Axle 7 also yielded the highest axle sum L/V. Figure 6.40 is a time plot of the axle sum

L/V showing the duration of the exceedances. Since the Chapter XI criteria was exceeded,

testing was suspended by direction from Rockwell and the Air Force.
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6.3.7 Turnout and Crossover Results

The Turnout and Crossover Tests were con<;lucted on a No.8 turnout and a No. 10

crossover. The LCC was tested at the maximum speeds allowed on these switches (15 mph

and 20 mph respectively). A turnout is an arrangement of a switch and a frog with closure

rails, by which cars may be diverted from one track to another. A crossover is an arrange­

ment of two ,turnouts with the track between the frogs 'arranged to allow passage between

two nearby and generally parallel tracks. Th~ wheel/rail forces determine if there is a

tendency for wheel climb or to induce lateral forces into the track. Since turnout and cross­

over testing is not listed as an official Chapter XI test, there are no official limiting criteria.

Wheel L/V of 0.8 and axle sum L/V of 1.3 were used as guidelines. Table 6.22 summarizes

the results.

Table 6.22 Turnout and Crossover Results

I TEST.

II
SPEED

I
MAXIMUM WHEEL LjV MAXIMUM AXLE SUM LjV

.8 LIMIT 1.3 LIMIT

Turnout 10 0.63 1.26

Turnout 15 0.61 0.97

Crossover 10 0.57 0.98

Crossover 15 0.58 0.99

Crossover 20 0.66 1.14

The turnout results were somewhat move severe than the crossover results. All of the

results were below Chapter XI limits of 0.8 and 1.3 for wheel L/V's and axle sum L/V's.
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6.3.8 Yaw and Sway Results

The Yaw and Sway Test is conducted to determine the ability of the car to negotiate

laterally misaligned track, which will excite the car in a yaw and sway motion. Track with

perturbations of this type may be found where the underlying ground is unstable and allows

the track to shift in the lateral direction. A section of track at the TIC has been shimmed

to provide sinusoidal track alignment deviations of 39-foot wavelength and an amplitude of

1.25 inches peak-to-peak on both rails at a constant wide gage of 57.5 inches.

Chapter XI specifies two limiting criteria for yaw and sway testing. The first criteria

is a maximum absolute axle sum L/V of 1.3. The second limit is a maximum truck side

L/V of 0.6. In order to obtain truck:side L/V's, two of the wheel sets were relocated. The

leading truck of each span bolster had two instrumented wheel s~ts. Table 6.23 shows the

yaw and sway results versus predictions.

Table 6.23 Yaw and Sway Results

SPEED MAXIMUM MAXIMUM MAXIMUM MAXIMUM
(MPH) AXLE SUM AXLE SUM TRUCK SIDE TRUCK SIDE

LjV LjV LjV LjV
1.3 LIMIT .6 LIMIT

I Actual , II Predicted II Actual II Predicted I
20 0.94 1.18 0.28 0.58

25 1.01 nja 0.33 nja

30 1.02 1.36 0.34 0.63

35 1.03 nja 0.40 nja

40 1.08 1.42 0.46 0.79

45 1.03· nja 0.47 nja

47 0.99 nja 0.47 nja

50 0.92 *3.67 0.51 *1.32

52 0.90 nja 0.58 nja

55 0.90 nja 0.55 nja

60 1.02 . *3.12 0.49 *0.83

.. Incomplete NUCARSsimulation ending in predicted derailment, results intended for comparative purposes only.
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CH XI ~ />,lIT

All of the results were below both Chapter XI maximum criteria of truck side L/V
and axle sum L/V. Figures 6.41 and 6.42 show actual and predicted results compared to
the Chapter XI limiting criteria.
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6.3.9 Track Worthiness Results Summan

In Summary for Track Worthiness Testing
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6.4 STATIC BRAKE TEST RESULTS

The Static Brake Test preformed on the LCC included a Single Car Test, a Net Shoe Force

. Test, and a Handbrake Test. The tests were perfor:rped with the assistance of Blaine Con­

sulting .Services.

6.4.1 Sina:1e Car Test

Both sets of ABDW air brake equipment, one on each span bolster, passed the Single

.Car Test satisfactorily; however, the piston travel on the brakes was long at 3 3/4 inches

when the car arrived at TIC. The distance was shortened to about 3 1/4 inches. This

should 4ave helped in ,obtaining a 48 psi brake cYlinder pressure from a 20 psi brake pipe

reductiqn that is required in the AAR Single Car Test Code booklet, IP No. 5039-4 Sup~ 1

.(MR Standard S-486). However, the LCC only obtained a 46 psi brake cylinder pressure

with the: nominal piston travel of 3 1/4 inches.

6.4.2 Net Shoe Force Test

Instrumented brake shoes were installed on each truck on each span bolster. Brake

shoe force data was obtained with the brake rigging rapped with a 3 lb. Blacksmith ham­

mer, and unrapped. Since the rapped readings are felt to better represent the dynamic car

rolling over the railroad conditions, these values should be considered as the test results.

Figure 6.43 shows the shoe forces on each truck for each test. Since one truck was

tested at a 'time, the brake cylinder pressures were not exactly equal. For this reason a lin­

ear regression was performed for each truck. The four linear regression equations (also

shown in figure 6.43) were summed, yielding a single equation for total car brake force.

Total Car Brake Force = 799 * Brake Cylinder Pressure· 3,678
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Braking performance is based on brake shoe force and car weight. The net braking

ratio, which is car brake force divided by car weight, is the parameter regulated by the

AAR. The net braking ratio for the Lee was calculated with the following equation.

Net Braking Ratio = Total Car Brake Force / 392,400
l'

i·

The net braking ratio must be within 6.5 percent minimum and 10 percent maximum

at a brake cylinder pressure of 50 psi according to AAR Standard S-486.

Brake cylinder pressure is dependent on the train line pressure and the amount of

pressur~ bleed off (reduction). Since the operational train line pressure could be between

70 and 110 psi, Table 6.24 was developed to show brake ratios for various brake cylinder

pressures.
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Table 6.24 LCC Net Braking Ratio

IExplanation IBrake Cylinder Net Braking Ratio

(%)~ressure (psi)

Full Service Reduction at 70 psi Train Line 50' 9.2

Full Service Reduction at 90 psi Train Line 64 12.1

Full Service Reduction at 110 psi Train Line 78 14.9

Emergency at 70 psi Train Line 60 11.3

Emergency at 90 psi Train Line 77 14.7

Emergency at 110 psi Train Line 93 18.0

The brake ratio with a 50 psi brake cylinder pressure was 9.2% which is within the

specifications.

6.4.3 Handbrake Net Shoe Force Test

The Handbrake Net Shoe Force Test was also performed. Handbrake chain forces' ,

ranging between 2,500 and 6,800 pounds were tested. Practically, a 4,475 pound force can

be obtained in the horizontal chain after one sheave wheel with a 125 pound application at

the handbrake wheel. The only location to measure the chain force was after a second

sheave wheel. It is commonly said that one sheave wheel is about 95% efficient, thus

approximately 4,250 pounds would be the chain force after two sheave wheels with 125

pounds applied to the handbrake wheel. Only two of the four trucks were equipped with

handbrakes. Results for both trucks were plotted and linear regressions were performed.
. . ,

Figure 6.44 shows plotted points for truck 1 and truck 2' and the linear regression best fit
,

lines and associated equations.
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The linear regression equations were summed, yielding a single equation for total

handbrake force.

A horizontal chain force of 4,250 pounds would have yielded a total handbrake force

of 42,334 pounds and a net braking ratio of 10.79%. This value is lower than the AAR

minimum of 11%.
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7.0 CONCLUSIONS

Quasi-Static Truck Characterization

The Quasi-Static Truck Characterization values obtained from testing fall

within those expected for a three piece truck. The following values were used in

NUCARS vehicle simulations.

1. The average vertical spring rate with hydraulic snubbers is 26.08 kips/in.

2. The average vertical damping with hydraulic snubbers is 11.61 kips.

3. The average vertical spring rate without hydraulic snubbers is 26.32

kips/in.

4. The average vertical damping withol!t hydraulic snubbers is 8.83 kips.

5. The average lateral spring rate for a truck 24.48 kips/in.

6. The average lateral damping for a trucl<. is 34.40 kips.

Static Truck Characterization

The Static Characterization values obtained from testing fall within those

expected for a three piece truck.

1. The span bolster yaw moment was 350,000 ft-Ibs.

2. The truck yaw moment was 112,500 ft-Ibs.

3. Axle alignment test data showed large" misalignments in truck 1 and a

small misalignment in truck 2.

4. The longitudinal stiffness was 98.5 kips/inch.

5. Inter-axle shear stiffness results were incomplete.

6. The axle yaw stiffness was 1,200,000 in-kips/mrad.
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Modal Response

Resonant speeds were determined for the various car body modes. In addi­

tion car body bending frequency's were determined.

1. Pitch and bounce'resonant frequencies were found at 7 and 4 Hz respec­

tively. This would equate to a resonant pitch speed of 273 ft/sec or '186

mph and a resonant bounce speed of 156 ft/sec or 106 mph for the pitch

and bounce test track.

2. Roll resonance was found at 0.5 Hz. This would equate to a resonance

speed of 19.5 ft/secor 13.3 mph for the Twist and Roll Test.

3. Yaw and upper center roll resonances were found at 6 and 7 Hz respec-
",

tively. This would equate to a resonant upper center roll speed of 273

ft/sec or 186 mph and a yaw resonant speed of 234 ft/sec or 159.5 mph for'

the yaw: and sway test track.

4. The first vertical bending mode was found at 13.25 Hz.

5. The twist mode was found near 20Hz.

6. The first lateral bending mode was found at 17 Hz.

7. The Sway frequency was never found.

Senice Worthiness

No problems were observed for the LeC in service worthiness testing. The

following summarizes the results:'

1. The LCC encountered an 843,000 pound coupler force at a 6 mph impact.

2. The LCC received' no permanent damage With a 1 million pound compres­

sive force.

3. No wheel lift occurred on the LCC while in a 200,000 pound buff or draft

. force in a lO-degree curve.
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Track Worthiness

Track worthiness testing shows acceptable freight car performance on tan­

gent track at speeds below 55 mph. Some instability was noted above this speed.

Curving tests were limited due to Air Force request. Dynamic curving and

12-degree curving were identified as potential problem areas. The test results

show:

1. The LCC becomes unstable above 55 mph, although the lateral accelera­

tions are still below the Chapter XI criteria for freight cars.

2. The LCC does not curve well with its present design. High wheel L/V's

were occasionally encountered in the 12-degree curve; however, the results

were below the Chapter XI 95th percentile limit at under balance speeds.

Balance and above balance speeds were never tested.

The LCC performed satisfactorily on the 7.5-degree and 4-degree curves at

speeds up to the balance speed. No curve was tested at above balance

speeds because these speeds could not be accomplished without entering

the 12-degree curve at a speed higher than desired.

3. -The LCC exceeded Chapter XI criteria in the Dynamic Curving Test. The

test started at 6 mph by request of the Air Force and axle sum values

above 1.3 were obtained at 8 mph. Higher speeds were not tested.

4. The LCC encountered wheel L/V's above 0.8 while entering and exiting

the 12-degree curve through a bunched spiral. The LCC also encountered

wheel L/V's above 0.8 while entering the 12-degree curve in a standard

spiral.

5. The LCC performed satisfactorily in the Pitch and Bounce Test.

6. The LCC performed satisfactorily in the Twist and R9ll Test.

7. The LCC negotiated the turnouts and crossovers within the Chapter XI

guidelines.

8. The LCC performed satisfactorily in the Yaw and Sway Test.
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Static Brake Test

1. The LCC did not obtain an equalization pressure between 48 ·psi and 52

psi with a 20 pound reduction from a 70 psi brake pipe pressure, and

therefore failed to meet the requirements of AAR Standard 8-486.

2. The handbrc:i..ke net braking ratio was 10.79 percent which is lower than the

AAR's 11 percent minimum.
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8.0 RECOMMENDATIONS

Curving:

1. Curving tests should be completed. Curving tests were not performed at

balance and above balance speeds at Air Force direction. Poor perform­

ance in the 12-degree curve may indicate potential problems in other curv­

ing situations.

2. Post test modeling should be performed to examine car performance in

dynamic curying. Possible design changes may be considered and modeled

for improvements in performance.

Ride Quality:

1. Ride quality measurements were not taken but high speed stability per­

formance needs closer examination for personal comfort and ride quality

reasons.·

Braking:

1. The handbrake should be redesigned to give a higher net braking ratio.

2. The air brake system needs closer examination. Equalization pressure of

48 to 52 psi in the brake cylinder was never obtained.
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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 a"ccordance with requirements outline,d 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 meth<;>ds 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 ioiti&tion of official AAR testing. A proposed testing
schedule and testing procedu'res will be submitted sufficiently in advance of tests to
permit review and approval of the proposal and assignment of personnel to witness tests
as AAR 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 servic,e must be utilized for all
tests. Deviation from such configuration is only permitted with the explicit permission of
the Car Construction Committee.'

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 desi~ed 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.:1, 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.
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11.2.1.2.

The cars, other than the test car. shall. be of seventy ton nominal capacity, loaded to
~he 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. 'dr'ait gears are not to be compressed. No
restraint other than handbrake on th'e 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 loaded beam
having rotation free-translation fixed end restraints. (See Figure 11.2.3:1).

, No other restraints. except those provided by the suspension system in its normal
running condition. 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-jacklrnifing
properties.

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

..
~__-...,._..~r..... '-_

(NO CODE,
ROTATION FREE
TRAI'ISlATION FIXED

Fi~re 11.2.3.1

11.2.3.2. COUPLER VERTICAL LOADS

A ~ertical 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 havin~ sliding sill are excluded from the
requirements of this paragraph.

For cushion underframe cars havin~ sliding sills, a vertical upward load shall be
ap,plied to the slidin~ sill in a plane as near the ends of the fixed center sills as
practicable. sufficient in' mag-nitude to lift the fully loaded car free of the truck nearest
the applied load, and held for sixty seconds.
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For all cars. a load of 50.000 pounds shall be applied in both directions to the cou pier
head as near to the pulling- face as practicable and he"ld for sixty seconds.

11.2.3.3. CURVE STABILITY

The test consist is to underg-o a squeeze and draft load of 200.000 Ibs. 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 ofunits used shall g-enerate maximum load in the critical
LN location of the car.

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

Empty car shall be subjected to squeeze and draft load on acurve of not less than 10
degrees. The curve is to have IN' maximum superelevation. The test car is to be coupled
to a "base car" as defined in paragraph2.1.6.1. 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..t. 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
arrangement 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 througoh a
distance resulting from a calculated 3" downward movement of one wheel of the truck or
suspension system supporting it. No permanent deformation of car/unit structure shall
be produced by this test.

11.2.-1. IMPACT TESTS

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

11.2..t.1. SINGLE CAR IMPACT

The loaded car shall be impacted into a string- of standing- cars consistinJ,! of three
nominal 70-toncapacity cars. loaded to maximum goross weig-ht on rails as described in

, paragoraph 2.1.5.17. wi th .sand or other goranu lar material. eq ui pped with M·!)O IE ru bber­
friction draft g-ear at the struck end and with the hand brake on the last car on the
non-struck end of the string' tig-htly set. "Free slack between cars is to be removed:
however, draft ~ears are not to be compressed. No restraint other than handbrake on the
last car is to be used.
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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 stal,ting at six miles per hour unt'il a coupler force of l,;;~!'iO,OOO

pounds or a speed of fourteen miles per hour has been reached. whichever occurs first,

A car consisting of two or mOI'e units must also undergo impact testing as outlined
~bove with the leading unit of the test car beinir 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.:U:2. DYNAMIC SQUEEZE

(Optional-May 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
Cilr may be the lead car in either group. All cars except the test car shall be as prescribed
it:! 11.2.1.2. The brakes shall be set on all standing cars after all 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 1:a~s, 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 1.2!'iO,OOO 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

lLU.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 ofaccu.racy 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 vel'ify the values used in the analyses.

lLL2.' 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
";,heel climb, rail and track shift, wheel lift. coupler and comrlOnent separation and, .

. structu rat in tegri ty.

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 al'e shown in Table 11.1. Values
"';orse than these are re~ardedas havin~ a high risk of unsafe behavior. Values ,better
than these are re~arded as indil:atin~ the likelihood of safe car I'lerfol'mant'e;
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Table 11.1 Criteria for Assessing the Requirements

for Field Service

Regime Section Criterion Limiting Value

Hunting (empty) 11.5.2 minimum critical speed
(mph) 70
maximum lateral
acceleration (g) 1.0
maximum sum UV axle 1.3·

Constant curving (empty and loaded) 11.5.3 95th percentile O.S
maximum wheel LIV
or
95th percentile
maximum sum LIV axle 1.3

Spiral (empty and loaded) 11.5.4 minimum vertical
load (%) 10 ••
maximum wheel UV O.S·

Twist, Roll (empty and loaded) 11.6.2 maximum roll (deg)·" 6
maximum sum UV axle 1.3
minimum vertical
load (%) 10 ••

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

Yaw, Sway (loaded) 11.6.4 maximum UV truck
side 0.6·
maximum sum UV axle 1.3·

Dynamic curving (loaded) 11.6.5 maximum wheel UV O.S-
or
maximum sum UV axle 1.3·
maximum roll (deg) .. 6
minimum vertical
load (%) 10 ••

Vertical curve 11.7.2 to be added.....

Horizont~.1curve' 11.7.3 to be added....

•
••

•••.....

• 1 qo

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 deftection 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 lateraimotion 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 ofmassi 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
~ymmetrical. '

Unbalance is used in this chapter to mean the additional height in 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:

Unbalance U = V2D_ H
. 1480 .

D is the degree of the curve.
V is the vehicle speed in mph.
H 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( Rw
)

- Rw-RR

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.
RR is the transverse profile radius of the rail.

The effective conicity of the modified Heumann wheel of Figure 8.1 on AREA 132 1b
~ail, under conditions of tight gage, is between 0.1 and 0.3.
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Three ratios of lateral ell to vertical (V) forces are used as criteria in the assessment
of-car performance. These are:

(1) The individual wheel LtV. (or wheelLN). 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 wh'eel to climbing the rail.

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

~um LN axle =·1 UV (I~ft whO I + I LN (right whl) I
. It is used to assess the proximity of the wheel to climbing the rail and is more

appropriate where th~angle of attack of the flanging wheel to the rail does not
result in full slippage at the area of contaCt.

• • j ,

(3) The truck side LtV, (orUV 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 t'he truck. as given in the following
algebraic expression.

Truck side LN = ~L (truck side)
!V (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 tra~k-worthinessof the
car running on premium track. They are required to establish the safety of the car from
derailment 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
~~~ . .

The parameters used in the analysis shall be confirmed in characterization tests
described in Appendix A. The results of the following analyses aJ:ld 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 flan~s. in certain car and suspension desi~s. 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 marg;n 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 .. ,
parameters measured for the empty test car. This analysis shall include predictions on
tangen t and on 1/2 and 1 deJ{l"ee curves.
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c

The analytic requirement is that no hunting be predicted for,the empty car below 70
miles per hour assuminl; a coefficient of friction of 0.5.and an effective conicity orO.I5. for
the modified Heumann wheel profile given in Figure 8.1 of Chapter VIII. on new AREA
1.36 lb. rail. for axle lateral displacements up to + 1- 0.2 in. '()O track with standard gauge.

, "."~

" \,

11.5.2.2. TEST PROCEDURE AND CONDlTIONS

, The empty test cal' shall be placed at the end of~the test consist. behind a stable
buffer car. and operated at speeds up to 70 miles perhoui' on tangent class:) 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 AREA 136 lb: ~~ 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 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 wheeisets. and each
truck location on the end unit or car shall be equipped with a lateral acc~lerometeron
the deck above the center of the truck. '

Sustained truck hunting shall be defined as a sustained lateral acceleration l;I'eater
than 1 g peak-to-peak for at least 20 consecutive seconds. No occurrences of g-reater than
1.5 g peak~to-peak are permitted within the same time period. The instantaneous sum of
'the absolute values .of the UV, 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. ' " ' . c

The car shall' not experien:ce sustained truck hunting during the test. A record of
maximum lateral acceleration and the wheel UV'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 desig-ri~d to ensure the satisfactory negotiation of track curves.
The analyses and tests are reql,lired 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.:U. 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. usinJ;( a validated mathematical model.

,The model shall include a fundamental representation of the rolling contact forces usinJ;(
the geometry of the profiles of the wheel and rail, and car parameters from the

:measurements described in Appendix A.

Either the individual wheel LN shall be less than o.~ on all wheels measured. or the
: instantaneous s~m of the absolute wheel LNs on any axle shall be less than 1.::. for any
curve up to l5uegrees. The range of unbalance assumed shall be -:: inches to +:: inches .

. with a coefficient of friction of 0.:1 and mouitieJ Heumann ['lrofileu wheels on new AREA
l;l~ lb. or l:lfi lb. rail.
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11.:i,::.2. TEST [)HOCEDL'RE A~D CONDITIONS
. .

The test car shall beoper'ated at constant speeds equivalent to unbalances of -:L U,
and ..... :; inches, The tests shall be run with the test car in both empt:v· and full:--' loaded
conditions, hetween two heavy buffer cars. one of which ma:--' be I'eplaced by an instru­
mentation car. A comr1ete set of tests shall' be cal'l'ied out in both directions and with the
test .consist turned in each direction, on dr'y rail.

The wheels of the test car shall have less than ~ooo miles Weal' on the new protiles
specitied for pr'oductioh. except that those on instrumented wheelsets shall have moditied
Heumann' pl'otiles, The rail 'protiles shall have a width at the top of the head not less than

. !)!i pen:ent of the oril!ina( viduewhen new, The test curve shall be of not less than i
del!rees with a balance speed of :W to ::0 mph, and with class .') 01' better track,

Il.;'i.::,::, INSTR~Y1E;\fT.-\.TION ,~N() CRITI-;RI.-\.

The leadinlr axle of both trucks on an end unit or car, or each axle on an end unit or
car' with sinlrle-axle trucks. shall be equipped with instrumented wheelsets. The lateral
and ver·tical forces and their ratio. UV. shall be measured for the length of the body of
the curve, which must be at least :iOO ft .• and their maxima and means computed,
Measured force components having- frequencies above 15 hertz are to be filtered out.

Either the individual wheel UV 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
requir'ed test data,

. .

I La. 1. SPIRAL NEGOTIATION ANI> WHEEL UNLOADING

This l'equirement is desil!ned to ensure the satisfactol'y neg-otiation of spirals leading
into and. away [I'om curves. The analyses and tests are required to show that the
resultinlr forces between the wheel and rail showan'i'adequate marJrin of safety from any
tendency to derail. espe<:ially undet' reduced wheel loading-, and to confirm other predic­
tions of the cal' behavior.

IL'i.I.!. I»KEDICTIONS ANI> ANALYSES

An analysis shall be cal'l'ied out of the lateral and vertical wheel forces on a single
cal', with the cal' loaded asymmetrieall:--', consistent with AAR loadinl! rules, to give
maximulll wheel un!oadinlr.

The analysis shall be made for a~peell equivalent to a mean unbalance at the car
<:entel' of -:: inches 'to .,..:; illl'hes with a coefficient of fl'iction of IL'i and modified
Hellmann whel,l ancl new AREA l::~ lb, or' \:;ti lb .. ,rail !'}I'otiles.

The rrl'dil'ted latl'l'al-to,vl'.I,tit'al force l'atio shall not exceed O,H, and no vertical wheel
load shall Ill' less than 10 pel'l;ent of its stati<: value, in a bunched spiral. with a <:han~e in
superell'vatilln III' I inch in lOv'l'ry :W ft. leadinl! inti; a curve of at least i del!rees and a
minimum (/1' :: illl·hes supere!l'v"iition, '

lL'iA.2. TEST PROCElJVRE AND CONlJITIONS

This test may be carried out concurrently with the previous test. parag-raph 11.5.3.2.
The test cal' shall be operated. empty and fully loaded. between two heavy buffer cars.
one of which m-aybe an instrumentation car, at constant speeds equivalent to an

.unbalance of ..:. :~. U. and ... :~ inches at the maximum curvature.

Tht, Whl'l'b III' the test ('ar shall have less than ,;000 miles wear on the new protiles
spl'l'itied 1'01' production, L'Xl'l'pt that tlwseoll instrumented wheelsets shall have mudified
Hl'lllllallll prolill'S, The rail IlI'IIMll'S shall havl' a width at the top of the head Ilot less than
!I:l pl'I'('l'llt o!" till' ol'ilrlnal vallll' WllL'l1 I1<.'W.
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. The maximum curvature shall be not less than i deg-rees, with a minimum of 3 inches
s~perelevation.A bunched spiral. with a change in suilerelevation of not less than 1 inch
in evet·:.' ~U ft., is requil·ed. The track shall be class 5 or better and dry. Tests shall be run
in both directions and with the consist turned.

l1.;),L~. lNSTRUYlENTATION AND CRITERIA

The leading axle on both trucks on an end unit or car. or each axle on an end unit or
cal' with single-axle trucks, shall be equipped with instrumented wheelsets.

The latet'al and vertical forces and their ratio. UV. shall be measured continuously
through the bunched spiral. in both directions, and their maxima and minima computed.
Measun~d force components having frequencies above 15. hertz are to be filtered out.

The maximum· LN ratio on any wheel shall not exceed 0.8. and the vertical wheel
load shall not be less than 10 pel'cent of the mea~uredstaticvalue. A record of LN'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.. i

1I.n. SINGLE CAR ON PERTURBED TRACK

11.n.1. GENERAL

The analyses and tests described in this section are desig-ned to establish the track·
worthiness of the car under conditions associated with variations in the track geometry.
They include the dynamic t'esponse due to perturbations in the track but exclude the
dynamic effects due to coupling with adjacent cars,

I . • . . •

The investigations are designed to demonstrate that the car desi~ 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
obset·vers. The results identified shall be added as required data for the consideration of
.the Car Construction Committee.

l1.1i.1. RESPONSE TO V.-\RYING CROSS·LEVEL (TWIST AND ROLL)

This requirement is designed to ensure the satisfactory negotiation of oscill.atory
.cross-level excitation of cars, such as occurs on ~tagg'ered jointed rail, which may lead to
, large cal' roll and twist amplitudes. The analyses and tests are required to show that the
I'esultinl! forces between the wheel and rail show an adequate ,margin of safety from any

; tendency to derail. . .

11.11.2.1. 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 carb~dY'in roll and twist, the maximum instanta·
neous sum of the absolute values of the wheel LN 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.
leng'th, 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 LN 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 not be less than 10 percent of its static
value. within 10 rail leng-ths of the start. at anyspeedat or below-70 mph.
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11.6.2.2. TEST PROCEDURE" AND CONDITIONS

The test car shaJi be between two' cars chosen for their stable performance: Tests
shaH be carried out with the test car empty and fully loaded.

0.75 in.

::0.06 in.

r '39 ft. '--1
WAVELENGTH

Figure 11.1:

TRACK CROSS LEVEL FOR THE TWIST AND ROLL TEST

The test shall be on tangent track with staggered 39 ft. rails on good ties and baHast.
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 exceedsB degrees, ~eak-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, shaJi 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 measurcedcontinuously 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 uVon any instrumented axle shaJi 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'
the 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 crossing'S 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 al'e required to show that the
resulting forces between the wheel and rail show an adequate margin of safety from any
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t~ndency for the car to derail. to uncouple, or to show interference either between
subsystems of the car or between the cal' co~ponents and track.

l1.ti.;~.l. PREDICTIONS AND .-\NALYSES

A review shall be made of 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
nlade of the resonant speed of the car when excited by a track wavelength of 39 fe~t.

The vertical wheel load shall be predicted at these speeds or at 70 mph; whichever is
greate[·. 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. ll.~. 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.

SINGLE VERTICAL BUMP . ~~ 2' 06' [
(BOTH RAILS) ~I'J:'-- In .. ::::.' 10.

I 6 fta _ 6 ft. J
24 ft.•

CONTINUOUS DIPS AT SYMMETRIC POINTS

(£b~
0.75 in. :::: 0.06 in.

Figure 11.~,

TRACK SURFACE VARIATION FOR PITCH AND BOUNCE

11.0.;:.2. TEST PROCEDURE AND 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 Fi". 11.~. These tests may be carried out separately, or together,
with a separation of at least 100 feet. The tl'ack shall otherwise be held to class:> or
bettel·.

Testing shall start at constant speed well below any predicted I'esonant speed.
'increasing in ;; mph steps until an unsafe 'condition is encountel'ed. the resonance is
I passed, or the maximum of 70 mph is reached. The 'speed at which resonance is expected'
may be approacheu from a higher speed. usin" steps to decl'ease the speed. It shall be

'I'egarued as unsafe if any wheel lifts.
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11.fi.:U. INSTRUME~T.-\TION AND CRITERIA

The leatling- axle on both trucks on an end unit or car. or each axle on an end unit or
car with sing-Ie-axle trucks. shall be equipped with instrumented wheel sets. The vertical
wheel forces shall be measured continuously throug-h the test zone. Measured force
components havinl! frequencies above 15 hertz are to be filtered out.

The vertical wheel load 'shall not be less than 10 percen~ of its static value on any
wheel at any speeu tested. A record of the vertical loads measured on the axle with the
lowest vertical load shall be submitted as required test data.

ll.fiA..RESPONSE TO ALIGNMENT VARIATION ON TANGENT TRACK
(YAW AND SWAY)

This requirement is desig-ned to ensure the satisfactory negotiation of the car over
track with misalig-nments 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 marg-in of safety from any tendency for the car forces to move the track or rail
or tOg1ve interference either between subsystems of the car or between the car
components 'and track.

11.fiA.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, an estimate shall be
made of the resonant speed of the ca,r, in each inode.

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 g-ag-e of 57.5 inches, as shown in
Fil!. 11.;t '

The predicted truck side LN shall not exceed 0.6, and the sum of the absolute values
of LN on any axle shall not exceed 1.3, at any speed at or below 70 mph, within 5 rail
wavelengths of the start.

1I.fiA.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 -15 feet truck center spacing-, chosen for its stable performance.

Tests. sh.all be carried out on dry tang-ent track, with symmetric, sinusoidal aJiJ;P1­
ment deVIatIOns of wave length :m feet, alignment amplitude 1.25 inches peak-to-peak
and a constant wide g-ag-e 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.

~he wheels of the test car shall have less than 5000 miles wear on the new profiles
speclfietl 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
91> percent of the orig-inal value when new. -
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- -.,..., .
1.25 in.

---! ::0.125 in,

-

Fig-u re 11.3..

TRACK ALIGNMENT VARIATIONS FOR YAW AND SWAY

TestinK shall start at constant speedwell below any predicted resonant speed,
incl'easinK in ;; mph steps until an unsafe condition is encountered, the resonance is
passed. 01' the maximum of 70 mph is reached. It shall be re~arded as unsafe if the ratio
of total latet'al to vertical forces. on any truck side measured, exceeds 0.6 for a duration
,equivalent to 6 feet of track.

l1.n.LL INSTRUMENTATION AND.CRITERIA

All axles on the truck estimated to provide the worst total truck side LN. 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 throug'h the test zone.
Measured force components having' frequencies above 15 hertz are to be filtered out.

The truck side LNmeasuredshall not exceed 0.6 for. a duration equivalent to 6 feet
of track. and the su m of the absolute values of LN on any axle shall not exceed 1.3, at
any speed at Ot' below 70 mph. A recot'd of the lateral and vertical loads. measured on the
truck with the lal'gest truck side LN. shall be submitted as required test data.

11.6.5. ALIGNMENT. GAGE AND CRO~S·LEVEL VARIATION IN CURVES
(DY~AMIC CURVING)

This requirement is desig-ned 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 staggel'ed rails at low speed. The analyses and tests are required to
show that the l'esultinK for('es between the wheel u·nd rail show an adequate marlrin of
safety from any tendency for the cal' forces to cause the wheel to climb the rail or to

·move the tl'ack or mil 01' to give unwanted interference. either between subsystems of
the car. 01' between the cal' components and track..

! .

11.~.a.1. PREDICTIONS AND ANALYSES

A I'eview shall be made of the previous tests arid analyses for the natural frequencies
·and response of the cal' body. fully loaded. in the yaw and 1'011 modes.

No analysis is pl'esently available, which can predict the results accurately for this
test. for all flossible designs. It is tht!l;efore necessary to provide additional safety

•ft!atul'cs in tht! I'unning of tht! test fll'ogrnm to prevent unexpected -del'ailments or
unncct!ssal'Y dama~t!."

.. Analyses suitable fol' pl'edit,tions of new cal' pt!rfol'manct! in this test al'l:~ under dt!velopment
and will be .udded lateI'. -

C-ll· ..no
" I ~H



Association of American Railroads "
-'1echanical Division'

:\tanual of Standards and Recommended Practices

11.6.;1.2. TEST PROCEDURE, ANIl:CONDITIONS .

The test car shall be ~perated between two cars that are loaded to provide them with
a low center of gravity. If ~~itable. an inst~um~nta:tipncai' may be. used as "one of these
cars.

Tests shall be carried outon dry !'ail. 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.

• , • I

The wheels of the test cal' shall have less than 5000 miles' wear on the new pr()files
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.

. . . . ' . .' 'l ~ ",

The track shall consist of stag'gered 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.

l--:"'" 39 ft. .

WAVELENGTH

Figure 11.4.

. . CROSS LEVEL FOR DYNAMIC CURVING TESTS

Combined g'a~ 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 galte'of 56.5 inches at each inner rail joint,
the inner rail being within class 5 standards for alignment in. curves, as given in:Fig'ure
11.5.

LOW JOINT

: / \~ .. _-

- ~~ .
4';&1 - ~......._

.~-...- ....- 56.5 in. 57.5 in '-.-,, 1/-
LOW JOINT.

Figoure 11.5.

GAGE AND ALIGNMENT VARIATION IN DYNAMIC CURVING
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It is I'ecommended that a guard rail he used to prevent unpredicted derailment;
howevet', it must not be in contact with the wheel durin" normal test running. The test
shall be carried out at constant speeds up to :~ inches of overbalance. increasing in :! mph
steps from well below any .predicted lower center roll resonance until it is passed. The
t'esoriance may be approached from..:1 speed above that predicted to give a lower center
roll resonance.

. .

. . The teRt sh'allbe ~topp~d if a~ri unsafe condition is encountet'ed or if the maximum
unbalance is reached; It shall be I'egarded as unsafe if a wheel lifts, the instantaneous
sum of the ahsoliJte LN values of the individual wheels on, any axle exceeds 1.:3. o-r car
body roll excep.ds fl degrees, peak·to-peak.

Il.ti.;l.:t INSTRU:\1ENTATION AND CRITERIA

: The leading uxl,e on hoth trucks on an end unit Ot· .car. or each axle on an end unit or
car with single-axle trucks. shall be equipped with instrumented wheelsets. The car body
r~1I angle shall also be measureo at one end of the lead unit. The lateral and vertical
wheel 'forcesancl the roll angle shall be measured continuously through the test zone.
~easured 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 UV shall be
I~ss than 0:8, and the instantaneous sum of the ahsolute wheel uv's on any axle' shall be
less than L:~;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.

Il.i. COUPLED CARS ANU'UNITS

11.i.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 forcesdue tocou piing 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.

1I.i.:L VERTICALLYCURVEU TRACK *

* This section to he added at a later date

11.i.:L: HORIZONTALLY CURVEU TRAC,K +

+ Invp.stigations are eUlTently underway which will allow the addition,of this section
in the neat· 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 result~ providing evidence of
their validity. Forces and motions between suspension components and the body' modal
frequencies of the cat, as assembled, can vary significantly from the values calculated or
specified in the design,' and may be important to the safe performance of the vehicle.

1.1. TEST CAR

It is important that characterizations be carried out on th,e particular car in the
same condition that 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 cha~acteristics 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 procedureis 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 throu~h 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 ener~ dissipation, the frequency of cycling must be between 0.2 and 0.5 hertz.

Graphs of load versus displacement or velocity are desirable for the determination of
the required stiffness or dampin~.

C-II-413
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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
axle~. In ,such a case, provision mus~_ be made for unrestrain'ed 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
tionof both dead and actuator loads.

Vertical deft.ections 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 its static load. in
pounds. or untii 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 ~.hrough 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
displ'acements across all suspension,elements. '

2.5. INTER-AXLE TWIST AND EQUALIZATION

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. r
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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 ang'le 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
misalig-nment is their mean yaw angle.

In the case of trucks which have silmificant 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 ap'plied directly between axles, or b~tween 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.....~"{LE 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 applie's the required shear force bewteen axles.
This component may ,be applied separately with a suitable arrangement of actuators and
restrai nts.

Measurements are made of the latel'al misalig-nment of the axles during- the load
cycle. The shear stiffness is the ratio of sheal; force to the lateral misalignment.
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For single axle trucks•. a test similar to that desc'rihea 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 f~und by yawing the axles in the opposite
directions and measuring the yaw angle between them. The yaw moment applied. in
incrt-pounds. must be at least equal to the axle load in pounds.

• • I •

This. test may be com bined with'the inter-axle longitudinal test of section 3.3. If this
is d~ne, the test is carried outby 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't'he 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.,Jor the longitudinal stiffness and the moment is applied between the truck axles in
ya~. This moment may be applied independently of the longitudinal force.

Measurements are made of the', resulting radial mis-alignment ~f the axles during
the load cycle. The bending stiffness is the rafio of applied bending moment to the radial
mis'alignment. . \ ~ '~

,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' hetween 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
~enting' 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.

-t.O. RIGIl) AND FLEXIBLE BODY MODAL CHARACTERISTICS

.t.!. GE~ERAL

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 mass~s~'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.
I' ..,
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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 \existsbetween 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 continuo.us excitation maybe applied. using one or more actuators or
dropping the car in a ma~ner 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 on 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 excjtation 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 wei~hted 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 /lody,
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 hlteral displacement and a roll angole
measurement.
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4.5. FLEXIBLE BODY MODES

The flexible body modes for the car are:

Torsion
Vertical bendinlt
Lateral bending

Oetermination 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
late'ral 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
poil1t 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
FORCHAPTERXI (M·I001) TESTING

Adopted 1989

1.0. INTRqOUCTION

Instrumented wheelse~i(to be used in acceptance testing of new and untried cars
under Chapter XI of AAR Standard M-IOOI must meet the requ"irementsofthis specifica­
tion. Load measuring wheelsets are a critical transducer for a wide range of the Chapter
XI vehicle dynamics tests. Calibrated wheelsetswill be required to accurately measure
lateral and vertical wheel/rail forces, as well as wheel lateral to vertical force (L/V) 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 a:ccepted for Chapter XI testing, a load measuring wheelset design must meet
the following specifications:' "

2.1.

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 meas~rements must be within +/- 10 percent of the actual
lateral load. This accuracy is, to be maintained for loads rangingJrom 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.:tl. ,Ij

All potential load cases (Iong-itudinal loads of up to 60 percent of the static (v'ertical)
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.:1.2.
, ". -

All potential wheel/rail contact conditions including full flange contact, outside tread
contact. two-point contact, and flang-e contact at hig-h wlieelset ang-Ies of attack.

An operating- speed (for dynamic wheelset output) of from 5 to 80 mph.

2.:U.

Signals from 0 to :W Hertz.

C·II--t 19
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2.3.5.

Over a recommended operating ambient temperatur~ 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·100l. .

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 det~rmine 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.

Using an appropriate loading scheme, lateral wheel loads are to be applied at the
wheel tread ranging from - 100 to 100 percent of the static wheel load with a minimum of
1.0 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 factol'S wjll represent average
values independent, for example, of wheelset rotational position.
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3.2. ANAL YSIS

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 - 25 and 25 percent of the static wheel load (giving a total of four load
combinations).

3.2.2.

Single point contact on the ft.ange (defined as being at a point giving,a rolling radius
one-half inch greater thim 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. - 25, 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 ft.ange 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
com binations).

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 - 25 percent and a lateral load of -10 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 t~e 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.

cor 1-421
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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 lateral load 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
acc;uracy under dynamic conditions:

3.2.8.

This calculation is to verify that no wheelset vibration modes are present with
natural frequencies below 30 Herti. 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 analy~es are required:

3.:U.'

A zero speed jacking test to set the wheelset zero followed by a slow speed roll (at
te'n, twenty, and thirty miles per hour) along tangent track to verify that wheel vertical
load sig-nals 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 fora randomly chosen output segment having a minimum duration of ten
seconds. '

3.3.2.

A steady-state curving test to confirm that net t'ruck or car lateral loads are within
+/- 10 percent of the theoretical value for constant Ispeed 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 sig.nals 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
opposin~ lateral loads applied (via a hydraulic jack) to ~he wheel backs. Measured lateral
Iqads are to be within +/ - 5 percent of the applied value for loads ranging from Oto 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 of 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 AAR representative.

4.3.

The designated AAR observer for Chapter XI testing will verify that the instru­
mented wheelsets to b~ 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
TEST PLAN FOR STATIC TESTING OF BRAKE SYSTEMS

ON INDnnDUAL CARS AND LOCOMOTnffiS
PROCEDURE

1.0 DESCRIPTION

This procedure outlines the sequence of tests to provide reasonable assurance that
the train brake system will 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 of the air brake system to
ensure compliance with existing AAR and FRA rules and regulations. Other tests
are conducted other than those that are strictly in accordance with AAR and FRA
rules to ensure the brake system on each car will be compatible and perform as uni­
formly as possible when coupled together.

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 Attachment List

2.0 Car Air and Handbrake System

2.1 Material 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 After Emergency ABDW Appli­
cation And Manual Release Valve Tests

STATIC BRAKE
TESTING PROCEDURE
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2.8 Tests On Second ABDW 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 Of Locoinotiv~Brake System

5.1 Basic Braking Ratio Of Locomotive

5;2 Net Shoe Force Tests

5.3 Air Brake System Tests

5.4 Main ReselVoir Pressure And Leakage

5:5 ",:Brake Pipe Leakage Test

5:6, ": :Brake Cylinder Equalization Or Independent Application And, Release
.Pipe Leakage

53 Pressure Maintaining Capacity Test

5$ Calibration Test For Brake Pipe Flowmeter

5~9 Equalizing ReselVoir (ER) Leakage

5.10 SelVice Brake Application And Release

5'.11 Emergency Application

5.12 Penalty Brake Application

5.13 Suppression Of Penalty Application

1.2 EQUIPMENT LIST

I

lea.a~

b. as needed

c: as needed

d. 2ea.

e. lea.

f: lea.

g. 2 sets

h. as needed

1. lea.

J. lea

k. 2ea.'

L

Standard AAR Single Car Test Device for Freight

FS-5 Plugged Dummy Hose Coupling With Double #80 Choke

LS-5 Plugged Dummy Coupling

0-160 psi or 0-200 psi 3-1/2" Dia. Air Brake Test Air Gauges

1/8" Wire Braided armored Hoses 18" Long

Filling piece 1/16-3/32"

Four Strain Gaged "JIM SHOES"

Batteries

Portable Bellofram Adjustable Control Air Valve

Hose 1/8" or 1/4" of Ample Size

3 Lb. Blacksmith Hammers

All Safety Equipment As Required By TIC

STATIC BRAKE
TESTING PROCEDURE
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1.3 FIGURE LIST

2.1 Welding Setup

1.4 TABLE LIST

None

1.5 REFERENCE LIST

PRKG 2100.... Truck Inspection Procedure

PKRG 3100.... Instrument Installation Pro'cedure

MI001........ Manual of Standards and Recommended Practices,
Section C, Part II, Volume I, Chapter XI .

TIC Operation Rules for the Transportation Test Center,
Pueblo, Colorado, AAR, November 1,1989.

Peacekeeper Rail Garrison Test Implementation Plan, (for
appropriate test car), Chapter XI Testing

TIC Safety Rule Book

AAR Single Car Test Code (IP No. 5039-4 Sup. 1)

Canadian Pacific Instructions and Methods

1.7 ATTACHMENT LIST

None

STATIC BRAKE
TESIlNG PROCEDURE

3



NOTE

All personnel involved in the performance of this procedure or
observing the test(s) will comply with the TIC Safety Rule Book.

2.0 CAR AIR AND HANDBRAKE SYSTEM

2.1 l\faterial and Equipment Requirements

TASK
NUMBER PROCEDURE

QA
INITIAL

2.1.1 IN DA11: Standard AAR 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. Air Brake Test air gauges
each attached to a 1/8" wire braided armored hoses ap'proximately
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 fittin~ mounting bracket, in order to read pressure in these
pipes, see FIgure 2.1. ,

1/8" steel tubing nipple

o ====$=-=-====i::::J

less than 3/16" overlay

\
\

I ..----~ Ih
~
\J

Figure 2.1 Weld Setup

STATIC BRAKE
TESTING PROCEDURE
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2.1.3 One, preferably two, sets of four strain gaged "JIM SHOE".- They
are the type of calibrated brake shoes for measuring actual brake
shoe force during various applications of the brakes. These sets
should be complete with electronic direct readout of brake shoe
force.

2.1.4 New 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) of 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 of AAR Single Car Test Code booklet, IP
No. 5039-4 Sup. 1. This is AAR STANDARD S-486.

2.2 Single Car Test On Cars

TASK
NUMBER PROCEDURE

.QA
INITIAL

2.2.1 Install Test air gage filling piece and hose in brake cylinder pipe
associated with each ABDW control valve. -.

2.2.2 If car has two ABDW 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 induding end hose.' .' .

2.2.4 Cut out and drain the other ABDW control valve, its auxiliary and
, emergency reservoirs.

2.2.5 ,Follow applicable tests in AAR Single Car Test Code, IP No.
5039-4 Sup. 1, Test 3:1. . .. .

I

2.2.6 At~ach single car tester to ~he brake pipe end hose on the car on
WhICh the control valve bemg tested IS located. .

2.2.7 ,Install plugged FS-5 dummy coupling at rear end are 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 (AAR
Single Car Test Code, IP No. 5039-4 Sup. 1), Test 3.1.3.

2.2.8 Cut out the operative ABDW control v,!lve, completely drain its
reservoirs and proceed with Test 3.2 to determine brake pipe
leakage. ' ' ." .

2.2.9 If car does not pass this test, inspect complete length of brake pipe
and hoses using soap suds or acceptable leak detector fluid. Cor­
rect leakage found.

2.2.10 'If there arena 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 airpressure in reservoirs. DO,this for the first
control valve and then for the other control valve. If there is
pressure now it indicates a leaking I" branch pipecut out cock.

2.2.10.1 Change out I" branch pipe cut out cock and dirt collector assembly
as required with a new one or one known to be in good condition.

STATIC BRAKE
TESTING PROCEDURE
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2.2.10.2 Repeat Test 3.2 to ensure BP leakage is satisfactory.

2.2.11 If car is equipped with an A-I Reduction Relay Valve or an
Emergency Brake Pipe Vent perform AAR Single Car Test
Code, KP No. 5039-4 Sup. 1, Test 3.3.

2.3 Hand Brake Inspection

TASK
NUMBER PROCEDURE

QA
INITIAL

2.3.1 Chock wheels so car will not roll.

2.3.2 Determine that shoes connected to handbrake release have effec­
tive force on them.

2.3.3 Release 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

QA
INITIAL

2.4.1 Cut in ABDW control valve on end nearest single car tester and r

allow to charge. .

2.4.2 Leave other ABDW control valve cut out with its reservoirs
drained.

STATIC BRAKE
TESTING PROCEDURE
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2.4.3 Perform AAR Single Car Test Code, IP No. 5039-4 Sup. 1, Test 3.5.

2.4.4 When test is satisfactory proceed with remainder of applicable tests
on ABDW control valve at this end of car.

2.5 Piston Travel And Rigging

TASK
.NUMBER PROCEDURE

QA
INITIAL .

2.5.1 Perform AAR Single Car Test Code, IP No. 5039-4 Sup. 1, Test 3.6.

2.5.2 When making this test make service BP teduction 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 ABDW
valve.

2.5.5 If brake cylinder pressure is outside the 48 to 52 psi range try
resetting piston travel to bring BCP within this range.

..

2.6 Minimum ApplicationAnd Brake Cylinder Leakage And Slow Release

TASK
NUMBER PROCEDURE

QA
INITIAL

2.6.1 Perform AAR 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.

SfAllC BRAKE
TESTING PROCEDURE
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2.6.2

2.6.3

2.6.4

2.6.5

2.6.6

2.6.8

Following successful passing of Test 3.7 and 3.8 recharge the equip­
ment.

Make approximately 10 psi BP reduction by reducing the setting of I

the reducing valve on the single car test device.

Note brake cylinder and brake pipe "'pressure and monitor this for 10
minuets. Pipe pressure should remam steady.

Increase in BCP 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 "0" rings
in the service portion.

If brake pipe pressure leaking occurs, the service portion will have"
to be changed out and a new or COTD portion applied.

If there is hrake pressure leaking recharge equipment and repeat
Tests 3.5, 3.6, 3.7 and 3.8.

2.7 Senice Stability, Emergency, Release After Emergency ABDW
Application And Manual Release Valve Tests

TASK
NUMBER PROCEDURE

QA
INITIAL

2.7.1 Perform The following Test(s): Service Stability, Emergency,
Release After Emergency ABDW Application and Manual Release
Valve as per AAR Smgle 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 BRAKE
TESTING PROCEDURE

9



2.8·, Tests On Second ABDW ControlValve (If Equipped)·

TASK.
. NUMBER
~, , ,

2.8.1 .

2:8.2

PROCEDURE

On car e~uippedwith a second ABDW valve and second set of
brake cylInders cut out the first control valve previously tested and
drain its reservoirs completely.

Cut in the second ABDW 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.

QA
INITIAL

2.8.3 Repeat Sections 2.4 - 2.7.

3.0 NET SHOE FORCE TESTS WITH CALIBRATED BRAKE SHOES

TASK
NUMBER PROCEDURE

QA
INITIAL

3.0.1 Arrange to introduce pressure into brake cylinder pipe indepen-
dently from the ABDW 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 AB 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 BRAKE
TESTING PROCEDURE
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3.0.3 Remove 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 of the electronic readout device.

3.0.5 Make actual ("net") shoe force readings at the following pressures,
set with the Bellofram adjustable reducing valve:

* 10 psi, 20 psi, 30 psi and 40 psi actual service equaliza­
tion pressure from 70 psi, 80 psi and 80 psi.

NOTE

Do not back off or reduce pressure if actual
turns out a psi or too different from that desired.

Use the pressure attained such as 22 or 43 psi and make
all force reading at this particular pressure.

3.0.6 Make a full set of pressure and force readings with the rigging at
each truck 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 Ratio (NBR)of the service equalization pressure at 50 psi.

STATIC BRAKE
TESTING PROCEDURE
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. NOTE . ' ~' ,

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%. At empty weight of the car the NBR must not exceed

30% @ 50 psi.

4.0 HAND BRAKE NET SHOE FORCE TESTS,.",;,

TASK
NUMBER PROCEDURE

QA
INITIAL

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 of each TMB hand
brake lever (Ellcon National) or the hand brake clevis connection

, to the Be push rod Thrall TMB.,

4.0.3 Apply geared hand brake to its specified vertical chain force or
slIghtly above ifexact force cannot be obtained.

4.0.4 Make net shoe force reading on each "JIM SHOE":

L 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 bea minimum of 11% of the
gross rail load of the complete vehicle. Preferably the empty weight
net braking ratio should not be more than 50% of the empty weight
on the handbrake trucks.

STATIC BRAKE
TESTING PROCEDURE
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5.0 TESTS OF LOCOMOTIVE BRAKE SYSTEM

5.1 Basic Braking Ratio Of Lo~omotiYe

TASK
NUMBER

5.1.1

5.1.2

5.1.3

5.1.4

PROCEDURE

Determine the leverage ratio associated with each brake cylin-
der. ' . .

Determine the size of each brake cylinder.

Check lever len~ths and compare with locomotive builder rec-
ommendations/ specifications. .

The above Step '5.1.z'IIlaY require removi~g~nd measuring one
truck side set of levers. Then hopefully comparative outside
measuring points can be found so that the others can be
checked.

QA
INITIAL

5.1.5 The condition of the pins and bushings shpuld be carefully
inspected on the locations where parts are removed.

\

5.1.6 Worn 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. Remedy the situation.

SfATIC BRAKE
TESTING PROCEDURE
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CAUTION

Overhanging shoes are a Federal defect.

5.1.9 With the weight of locomotive known, either light, with fuel or
with supplies ready to run, calculate the gross braking ratio of,
the locomotive @ 50 psi.

5.1.10 If locomotive is equipped with a 1-1.6-16 brake cylinder,relay,
calculate gross braking ratio at 80 psi BCP and for independent
brake at 50 psi Independent and R,elease Pipe pressure.

NOTE

Normally these should be in the range of 26-28% @ 80
, psi with AAR high friction compositic:m shoes.

,5.2 Net Shoe Force Tests

TASK
NUMBER PROCEDURE

. QA
INITIAL

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 Make actual or,net shoe force reading each 10 psi up to 80 psi with
rigging rapped. ' ,

5.2.3 Make unrapped tests at 30,50 and 80 psi.

5.2.4 Calculate rigging efficiency and determine net braking ratios.

STATIC BRAKE
. TESIlNG PROCEDURE
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5.2.5 On front truck or that equipped with handbrake, arrange to ins"tall
Strain Sert pin or load cell preferably in vertical chain and apply
handbrake to manufactures specified force.

5.2.6 Make "JIM SHOE" reading of actual shoe force at each shoe
operated by the handbrake mechanism. DO NOT rap the rigging.

5.2.7 Calculate net braking ratio.

5.3 Air Brake System Tests

TASK
NUMBER PROCEDURE

QA
INITIAL

5.3.1 Ensure that all cab air gages are checked and meet master air gauge
within + or - psi.

5.4 Main Reservoir Pressures And Leakage

TASK
NUMBER PROCEDURE

QA
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 be between 125 and 130 psi. Note the pressure where the

. CCS causes the air com.l?I:essor to "cut out" and stop pumping at .
between 135 and 145 pSL . . '

5.4.2 Install LS-5 plugged dummy coupling at front and rear MR hose
couplings.

5.4.3 Open MR cut out cocks (usually reachable through end steps).

. STATIC BRAKE
TEsTING PROCEDURE

15



5.4.4 Close MR drain cock tightly and deactivate automatic drain valves.

5.4.5 , Close MR cut out cock leading to brake equipment, generally
"downstream from air filter.

5.4.6 : When compressor next cuts out, stop the diesel engine.

5.4.7 ; Measure the amount of MR 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 i, Restart engine and repeat Steps 5.4.2 - 5.4.7.

5.4.9 Close MR cut out cocks at front and rear. '

5.4.10 Remove LS-5 Dummy Couplings.

5.4.11 Restart engine and continue with tests.

5.5 Br~ke Pipe Leakage Test

TASK
NUMBER ,PROCEDURE

QA
INITIAL

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 ~ocks (reachable through 'end' ,.'
steps). '

SfATIC BRAKE
TESTING PROCEDURE
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5.5.3 Check and set 26-C automatic brake valve (ABV) BP regulating
valves if necessary to 90 psi as read on,BP cab air gauge.

5.5.4 Allow 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 ABV.

5.5.6 Wait a few minutes and then check BP pressure drop for 3 minutes.

NOTE

BP 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 ABV 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 Or Independent Application And Release
Pipe Leakage

TASK
NUMBER PROCEDURE

QA
INITIAL

5.6.1 Install HS-2 plugged Dummy couplings, one with test air gauge to
front and rear BC air hose couplings and then open 1/2" BC line cut
out cocks at front and rear.

5.6.2 Apply Independent Brake Valve (IND) to maximum.

SfATIC BRAKE
TESTING PROCEDURE
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5.6.3 . Adjust pressure to read 80 psi on cab air gauge, ifnecessary,
. allowing time for pressure to adjust. BC test air gauge should read .
appx. 50psi.·· I·

5.6.4 .. Close the "double ported MU cut out cock" or place MU-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 BC cut out cocks,·remove dummy couplin~s, open double
ported cut out cock or place MU valve in Lead positIOn.

5.7 Pressure Maintaining Capacity Test

TASK
NUMBER PROCEDURE

QA
INITIAL

5.7.1 Install special pressure maintaining dummy coupling on coupling of
rear BP hose.

5.7.2. Open adjacent angle cock or 1-1/4" cut out cock under front steps.

NOTE

In cab it may be necessary to increase engine speed to
hold 90 psi BP settin~ on cab air gauge against flow out of

the3/16" orifice. 90PSl must be maintained against the orifice.

5.7.3 Close 1-1/4" BP cut out cock and remove test dummy coupling.

STATIC BRAKE
TESTING PROCEDURE
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5.8 Calibration Test For Brake Pipe Flowmeter , \.

TASK
NUMBER PROCEDURE

QA
INITIAL

5.8.1 If locomotive is so equipped, follow instructions of the manufac­
turer of the flowmeter to properly calibrate or check calibration of •
the particular flowmeter. See Canadian Pacific Instructions and'
Method for the WABCO B-1 Flowmeter and the WABCO.

5.9 Equalizing Reservoir (ER) Leakage

TASK
NUMBER

5.9.1

5.9.2

5.9.3

PROCEDURE

Make Approximately a 10 psi ER and BP reduction with 26-C ABV,
then place BV cut off valve in "OUT' position.

ER pressure should show no leakage for a period of one minute.

Correct any leakage found and repeat Steps 5.9.1 - 5.9.2.'

QA
INITIAL

5.10 Service Brake Application And Release

TASK
NUMBER

5.10.1

PROCEDURE

Move 26-C ABV handle to minimum reduction position.

NOTE

The equalizing reservoir and brake piI?e should respond
and drop appx. 6 to 8 psi. Also brake cyhnder pressure should

respond.

SfATIC BRAKE
TESTING PROCEDURE
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5.10.2

5.10.3

5.10.4

5.10.5

5.10.6

Depress IND handle and BC pressure must exhaust to atmosphere.

Release and recharge.

Move 26-C ABV 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.

Move to the right hand end of the service quadrant, note ER and
BP reduction increases to appx. 24-26 psi.

NOTE
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.

5.10.7 Move to the next notch or Suppression Position and then partly into
the overreduction quadrant noting the ER and BP pressure reduce
further from the 24-26 psi in effect in suppression position and that
there is no increase in BC pressure.

5.10.8 Move 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 ER and BC pressure do not increase and BC
pressure holds steady.

5.10.9 Move the ABV handle further left to release position. Note that
the ER and BP pressures rise to 90 psi and BC pressure exhausts
completely.

5.10.10 Release and recharge.

SfAllC BRAKE
TESTING PROCEDURE
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5.11 Emergency Application

TASK
NUMBER PROCEDURE

QA
INITIAL

5.11.1 From engineman's brake valves. With system fully charged,
quickly move 26-C ABV handle to far right of Emergency .
Position. Note that "PC" light illuminates, BP pressure
quickly reduces to zero and that ER pressure steadily reduces
to zero.

5.11.1.1 BC pressure should quickly rise to appx. 75 psi. Record BC
pressure.

5.11.1.2 Power and dynamic brake are nullified.

5.11.1.4 Release and recharge brake system.

5.11.2 . From other side of cab emergency brake valve. With system'
fully charged and 26-C ABV in release position, quickly open
the 1-1/4" Emergency Brake Valve.

5.11.2.1 Check that BP quickly drops to zero, 26-C ABV is cut off
from suppling BP pressure and PC light illuminates after
26-C ABV is moved to emergency position.

5.11.2.2 Timed sanding may operate if locomotive is equipped. This
indicates that the A-1 charging cut off pilot valve is operat­
ing; timed sanding may also operate, if locomotive is so
equipped. Power and dynamic brake are nullified.

5.11.3 From train brake pipe emer~ency. With system fully charged
and 25 ABV in release positIOn, quickly open the rear end
angle or BP cut out cock. Note that BP quickly reduces to
zero, BC pressure quickly builds up to normal emergency BC
pressure and PC light illuminates.·

STATIC BRAKE
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5.12 Penalty Brake Application

TASK
NUMBER PROCEDURE

QA
INITIAL

5.12.1

5.12.2

. 5.12.3

. 2.12.4

With system fully charged and 26-ABV in release position, lift or
release foot pressure from the foot pedal.

After 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.

Place 26-C ABV handle in suppression position and wait appx. 1
minute. .

Move. ABV 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 OfPenalty Application .

TASK
NUMBER

5.13.1

PROCEDURE

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.

QA
INITIAL

SfATIC BRAKE
«u.s. GOVERNMENT PRINTING OFFICE: 1992-624-470/60389 TESTING PROCEDURE

22




