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EXECUTIVE SUMMARY 

The Transportation Test Center (TIC) performed vehicle dynamics tests for the Fed

eral Railroad Administration (FRA) to investigate coupled car performance for span bol

ster equipped freight cars. This test of three commercially available span bolster cars 

(Triplet Cars), and an additional test in whichthe middle span bolster car was replaced 

with a mass simulated Missile Launch Car (MLC), were to provide a link between individ

ual car performance and coupled car performance prior to the coupling of span bolster 

Peacekeeper Rail Garrison (PKRG) cars to make up the PKRG train. Comparing 

performance of the Triplet Cars to criteria set forth in Chapter XI of the Association of 

American Railroads (AAR) Manual of Standards and Recommended Practices showed that 

coupled span bolster car performance was not worse than that measured during single car 

testing of span bolster cars. This result is valid for trains of similar weight and length to the 

PKRG train only. Longer and heavier trains may induce in-train forces which are unfavor

able to coupled span bolster car performance. 

The commercial span bolster cars exceeded some Chapter XI criteria in curving and 

in curve entry and, exit performance. Similar results were noted in single car testing of 

PKRG span bolster equipment. The Mass Simulated MLC did not exceed criteria during 

this testing. 

The FRA requested Triplet Cars track worthiness testing to be completed in two 

phases. Phase I was conducted with the three Triplet Cars, and Phase II was conducted 

with two of the previously tested Triplet Cars and the PKRG MLC. The Triplet Cars con

sisted of two Atchison, Topeka and Santa Fe (ATSF) depressed center flatcars with 36-inch 
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wheel sets, and one ATSF depressed center flatcar with 38-inch\Vheel sets; The wheelsets. 
. ' , . ..' , . '" ~ 

were mounted in freight trucks very similar to those used for PKRG span bolster cars. The 

cars were loaded to simulate specific PKRG car weights. 

Track worthiness testing was performed to document on-the-rail dynamic perform

ance of coupled span bolster cars and to provide input data for the Train Dynamics Model 

(TDM) vehicle performance simulator. Phase I and II testing was performed on smooth 

tangent and curved track, on tangent track with vertical and lateral misalignments, and on 

curved track with cross level and gage deviations. 

Phase I testing of the Triplet Cars on tangent track with vertical and lateral perturba

tions designed to excite vehicle modes of pitch and bounce, twist and roll, and yaw and 

sway produced results that fell within Chapter XI criteria. Lateral instability of the middle 

and trailing car was noted at speeds over 60 mph. Dynamic curving tests with vertical and 

gage deviations, produced results outside the Chapter XI criteria for the leading and trail

ing car. The leading and trailing cars also had difficulty negotiating curve' entry and exit 

spirals on a 12-degree curve. Constant curving performance was within Chapter XI 

criteria. 

Phase II testing with the leading and trailing Triplet Cars on either side of the MLC 

showed acceptable performance for all tests with the exception of the 12 degree curve exit. 

Phase II tangent track testing was limited to speeds of 60 mph or less at the Air Force's 

request. 
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Coupled span bolster car performance, with the relatively short simulated PKRG 

tiairi~·clbsely· followed p~tforrnance measured·during single car testing of the PKRG span 

bolster cars.· 
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1.0 INTRODUCfION 

The Association of American RailrC)ad~ (AM), Transportation Test Center (TIC), 

Pueblo, Colorado, has contracted with the FederafR3Jlroad'Administration (FRA) to per-
." ,.' 

form vehicle performance tests qn the Peac'ekeeper Rail Garrison (PKRG) rail cars 

according to specifications in Chapter XI, AAR's, M-lOOl, Manual of Standards and 

Recommended Practices. 
, ,,' , . , . - , 

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

characterization, service worthiness testing, and track worthiness testing. 

The Chapter-XI individual car test series was performed for the PKRG Fuel Car 

(FC), Launch Control Car (LCC), Missile Launch Car (MLC), and Maintenance Car 

(MC). The MLC and LCC have_ .span bolster trucks designed to spread the car weight over 

four conventional 3-piece truck suspensions. -When thePKRG train is assembled several 

span bolster cars will be coupled together. It was determined by the Air Force that a pre

liminary test to investigate coupled span bolster car performance would be prudent. 

Three commercially available span bolster cars, referred to as Triplet Cars, were 

obtained for this test. The coupled span bolster cars were tested using Chapter XI as the 

track worthiness test plan. 

The service worthiness testing of the Triplet Cars consisted only of the curve stability 

test. Curve stability was performed to test the cars' tendency to experience wheel lift or 

suspension separation under the influence of longitudinal forces in a 10 degree curve. 

Phases I and II of the Triplet testing preceded testing of the actual Rail Garrison cars 

as a train. Phase I tests were performed with the Triplet Cars to document the perform

ance of coupled span bolster cars and to provide validation data for AAR's Train Dynamics 

Model (TDM). The Triplet consist was comprised of two Atc~ison, Topeka and Santa Fe 

depressed center flatcars with 36-inch wheel sets loaded at 400,000 pounds (ATSF 90006, 
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ATSF 90007) and an Atchison, Topeka and Santa Fe depressed center flatcar with 38-inch 

wheel sets (ATSF 90004) loaded at 560,000 pounds. All three cars were eight axle span 
\ 

bolster cars loaded with concrete blocks. 

Phase II tests were performed with the same two 36-inch wheel set Triplet Cars and 

the Missile Launch Car (MLC EMS-1). The MLC, EMS-1 replaced the ATSF 90004 as the 
( .-

middle car. 

Prior to the track worthiness portion of the Triplet test, a separate test was conducted 

at the request of the United States Air Force (USAF) through FRA.· The heaviest car, 

ATSF 90004, was tested over the dynamic curving section by itself (Extra Dynamic Curving 

Test). Results from this test are presented in the FRA "Quick Look" report entitled "Extra 

Dynamic Curving Test on ATSF 90004 Depressed Center Flatcar." 

After performance of coupled span bolster cars was demonstrated in' service worthi

ness and track worthiness tests, and the TDM was validated against those cars, train per

formance predictions were to be made for the PKRG Train Test. 

The vehicle characterization of the Triplet Cars is covered in a separate report 

entitled "Peacekeeper Rail Garrison Vehicle Characterization Test of Triplet Cars, ATSF 

90004 and 90006." 

This report, entitled "Triplet Cars Track Worthiness Final Report," finalizes the Trip- . 

let Phases I and II track worthiness tests. 

2.0 SERVICE WORTHINESS/CURVE STABILITY OBJECTIVE 

The objective of the Curve Stability Test was to verify that no wheel lift exceeding 1/8 

inch or car body separation occurred while buff and draft loads of 200,000 pounds were 

applied. 
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3.0 SERVICE WORTHINESS/CURVE STABILITY PROCEDURES 

Curve stability testing was performed on the 10~degree curve of the south wye of the 

Urban Rail Building access track. The curve has 1/2-inch maximum superelevation. The 

Triplet Cars were subjected to a buff load of 250,000 pounds and a draft load of 200,000 

pounds sustained for a minimum of 20 seconds. Car body suspension separation and wheel 

lift was monitored. For the purpose of this test, wheel lift was defined .as a separation of 

wheel and rail exceeding 1/8 inch when measured 2 5/8 inches from the rim face at the 

inside of curve for buff and outside for draft. The "Triplet Cars Service Worthiness Test 

Procedure" may be found in Appendix A. 

4.0 PHASE I OBJECTIVE 

The objective of track worthiness testing was to measure the on-the-rail dynamic per

formance of coupled span bolster cars as described by Chapter XI. The vehicle perform

ance was to be evaluated for the following test conditions: 

• Lateral Stability on Tangent Track (Hunting) 

• Constant Curving 

• Spiral Negotiation 

• Twist and Roll 

• Pitch and Bounce 

• Dynamic Curving 

• Yaw and Sway 

• Turnout and Crossover 

Vehicle performance was compared to, but not limited by, the criteria described.in 

Table 11.1 of Chapter XI, which is attached as Appendix B. 
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5.0 PHASE I PROCEDURES 

The location of each Track Worthiness Test zone is shown in Figure 5.1. Detailed 

"Triplet Track Worthiness Test Procedure" may be found in Appendix C (I). 

The smooth tangent and curving tests are performed to document performance on 

--nominal railroad tracks. The perturbed tracks are designed to excite important vehicle 

modes. This excitation is at 39-foot wavelengths because these are felt to be most common 

in operating-service. Other wavelengths are possible, but less likely. 
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5.1 LATERAL STABILITY ON TANGENT TRACK (HUNTING) 

Hunting was the first test performed. This test was conducted to confirm that hunting 

(lateral oscillating instability in the trucks) did not occur within the normal operating 

speeds of the car. Chapter XI criteria for this test is lateral car body acceleration (g) of 1.0 

g peak-to-peak sustained for 20 seconds, or 1.S g peak-to-peak single occurrence, or an axle 

sum L/V of 1.3 sustained for SO milliseconds. 

Procedures for the Hunting Test may be found in Section I1.S.2 of Chapter XI. This 

test was conducted on a S,OOO-foot tangent section (between R38 and R33) of the Railroad 

Test Track (RTT). Test runs were performed at 30, 40, SO, 60 and 67 mph. All three Trip

let Cars were pulled from the A-end. Four trailing fully loaded buffer cars were used pri

marily for braking as the Triplet Cars were equipped with instrumented wheel sets which 

cannot .be exposed to braking. Figure S.2 gives a description <?f the test track. 

HIGH=SPEED 
STABILITY 

(HUNTING) 

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

FRA CLASS 5 TRACK 

OR BETTER 

Figure 5.2 Hunting Test Track 
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The test consist, (Figure 5.3), included one to two locomotives as required, the T;·5 

instrumentation'car, the three loaded Triplet Cars, and three to six loaded buffer cars. 

Instrumented wheel sets were placed at the leading axle of the trailing span bolster of 

the leading car, at the leading axle of each truck at the middle car, and at the leading axle 

of the leading span bolster of the trailing Triplet,Car. 

Figure 5.3 Test Consist 

\"-

~produced from 
i besl available copy . 

. ' 
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5.2 1WIST AND ROLL 

Twist and roll testing was performed to determine the cars' ability to negotiate cross 

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

motions of each car. Three Chapter XI criteria are given for this test: maximum roll angle 

of 6 degrees peak-to-peak, maximum axle sum L/V of 1.3 sustained for 50 millisec(mds, 

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

milliseconds. 

The Twist and Roll rest followed Section 11.6.2 of Chapte,r XI and was conducted on 

the Precision Test Track (PTf) at station 1646 + 10 to 1650 + 90. This section of the PTT 

was shimmed to represent staggered jointed rail with a maximum cross level deviation of 

0.75 inches as shown in Figure 5.4. 

TWIST AND ROLL 

0.75 IN. 

39 FT. 

400-FT.-TANGENT 

TRACK 

Figure 5.4 Twist and Roll Test Zone 
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S.3 PITCH AND BOUNCE 

The Pitch and Bounce Test determines the dynamic pitch and bounce response of 

each car as it is excited by inphase vertical inputs from the track. Track, which generates 

this type of input, may be found at bridges, road crossings, and where there is a change in 

the underlying vertical support structure to the track. This phenomenon can also occur 

. when rail joirits are exactly in-phase on both rails. The results were compared to the Chap

ter XI limitations. The. Triplet Cars were tested in the loaded condition with four buffer 

cars. 

The Pitch and Bounce Test was conducted on the PTT and followed the procedure 

listed in Chapter XI Section 11.6.3. The test section was located between stations 1716+00 

to 1720 + 00 and was shimmed to represent parallel jointed rail with a 0.75-inch amplitude 

perturbation at 39-foot intervals, as shown in Figure 5.5. 

PITCH AND 
BOUNCE 

0.75 IN. 

( ) 

39 FT. 

400-FT.-TANGENT 
TRACK 

Figure S.S Pitch and Bounce 
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5.4 DYNAMIC CURVING 

The Dynamic Curving Test determines the cars' ability to negotiate curved track with 

simultaneous crQss level (vertical) and gage (lateral) misalignments. Results from this test 

were compared to the following four Chapter XI performance criteria: (1) maximum ratio 

of wheel lateral force divided by the vertical force (L/V) of 0.8, (2) maximum axle sum 

L/V of 1.3, (3) maximum roll angle of 6 degrees peak-to-peak, and (4) minimum vertical 

wheel load of 10 percent of the static wheel load. The 50 millisecond rule applied to all but 

the roll angle. 

The Dynamic Curving Test was conducted on the lO-degree curve (station 1 + 00 to 

3 + 50) of the Wheel/Rail Mechanism (WRM) track in accordance with Section 11.6.5 of 

Chapter XI. The lO-degree curve was shimmed to provide a cross level of 0.5 inches 

combined with lateral perturbations giving a maximum gage of 57.5 inches and a minimum 

gage of 56.5 inches. (Figure 5.6). Test runs were performed in the clockwise and counter

clockwise directions. 

YNAMIC CURVING 
/ 

to-DEGREE CURVE 

CROSS LEVEL DEVIATIONS I/Z-INC 

39-FOOT WAVELENGTH 
.--~ 

COMBINED WITH I 
GAGE DEVIATIONS 

56.5 INCHES to 57.5 INCHES 
39-FOOT WAVELENGTH I 

HIGH RAIL 

------------ LOW RAIL 

Figure 5.6 Dynamic Curving Test Track 
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5.5 CONSTANT CURVING 

The Constant Curving Test was conducted on the WRM track (Figure 5.7). This test 

utilized the 7.5-degree curve and the 12-degree curve with a bunched spiral. The proce

dure for the Constant Curving Test is found in Chapter XI Section 11.5.3. 

WHEEL/RAIL 
MECHANISM "TRACK 

CURVING TEST SECTIONS 

3-DECIIEE-. 
SPIRALS 

DYNAMIC "
CURVING ,.. 
TEST 
SECTION 

---.1.1 

BUNCHED SPIRAL / 
TEST SECTION 

..---tZ-DECREE 
CURVF: 

DYNAMIC CURVING to-DEGREE CURVE 
BUNCHED SPIRAL 12-DEGREE CURVE 

Figure 5.7 Constant Curving Test Track 
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The Constant Curving Test determines the cars' ability to negotiate normal track 

curves. Chapter XI criteria to compare to was a maximum 95th percentile wheel or axle 

L/V. This test was performed to verify that the cars did not have wheel climb potential or 

impart large lateral forces to the rails during curving. Test runs were perfonned at balance 

speed, 3 inches underbalance, and 3 inches overbalance. Speeds were calculated with the 

following formula: 

Where: 

II ==) 1480 
(U+H) 
--' D 

u= underbalance in inches 

H = superelevation in inches 

D = degree of curvature 

V ,= speed in mph. 

In some cases the track speed limit was lower than the calculate~ + 3-inch speed. 

The track speed limit was used for + 3 inches in that case. In other cases the calculated -3 

inches speed was zero or less. In those cases a lower speed was calculated: 

Where: 

\ 

V: 3 = speed at 3 inches underbalance 

V 0 = balance speed in mph 

V + 3 = speed at 3 inches overbalance. 
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Table 5.1 Shows a tabulation of speeds for each curve. AU calculated speeds were 

rounded to 1 mph. Each test speed was performed in both clockwise and counterclockwise 

directions. 

CURVE SUPER 

DEGREE ELEVATION 

(inches) 

7.5 3 

12 5 

• Calculated Nominal Speed 
•• Maximum Track Speed 

BALANCE +3llNCH 

SPEED SPEED 

(mph) (mph) 

24 31 

24 32>110 

5.6 SPIRAL NEGOTIATION AND WHEEL UNILOAIIUNG 

·3 INCH 

SPEED 

(mph) 

14* 

16 

The Spiral Negotiation and Wheel Unloading Test was performed in conjunction 

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

in which the change of degree of curvature and the change in rail toraH elevation is con

stant throughout its length. The purpose of the exaggerated bunched spiral test was to twist 

the trucks and the car body. Chapter XI states that the minimum acceptable vertical wheel 

load is 10 percent of the static wheel load and that the maximum wheel L/V is 0.8. Entry 

and exit spirals were monitored during constant curving runs on the 7.5 and 12 degree 

curve. The 7.5 degr~e curve has 200-foot long conventional spirals. One spiral in the 12 

degree curve is a 200-foot long conventional spiral, the other is a 200 feet long spiral with 

all 5 inches of elevation change concentrated in the middle 100 feet. As with constant curv

ing, spiral negotiation was run in both clockwise and counterclockwise directions. All 

entrance and exit spirals, including the bunched spiral, were analyzed although Chapter XI 

only specifies the bunched spiral. 
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5.7 YAW AND SWAY 

The Yaw and Sway Test was conducted to determine the cars' ability to negotiate lat

erally misaligned track, 'which would excite the cars in a yaw and sway motion. Two Chap

ter XI criteria are given for this test: maximum truck side L/V of 0.6 sustained for 6 feet, 

and a maximum axle sum L/V of 1.3 sustained for 50 milliseconds. 

1'0 obtain truck side L/V readings, both axles under one truck needed to be instrum-

. ented to measure wheel/rail forces. Therefore, instrumented wheel sets were installed at 

both axle locations under the leading truck of the leading span bolster and under the 

tr~iling truck of the trailing span bolster of the middle Triplet Car: Figure 5.8 shows 

instrumented wheel set placement for Phase I yaw and sway testin~. A shortage of 36-inch 

instru~ented wheel sets prevented implementation of this configuration for the leading 

and trailing Triplet Cars. 

Operational Direction, ... 

Leading 36 " Cor 

#2 #3 

Middle 38 " Cor 

#4 #5 #6 
Left Side Shown 
Right Side Opposite 

Figure 5.8, Instrumented Wheel Set Placement for Yaw and Sway 
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The Yaw and Sway Test was conducted in accordance with Sectiorl.l1.6.4 of Chapter 

XI. Station 21 + 00 to 26 + 00 of the P1T was the site for this test. This section had sinusio-

dallateral track alignment deviations of wavelength 39 feet and amplitudes of 1.0 inches 

peak-to-peak on both rails at a constant wide gage of 57.5 inches. These perturbation 

amplitudes were less than the Chapter XI specified 1.25 inches. Figure 5.9 shows the test 

zone as specified by Chapter XI with 1.25-inch perturbations. 

YAW AND SWAY 

1.25 IN. 

39 FT. 

250-FT.-TANGENT TRACK 

GAGE CONSTANT AT 57.5 INCHES 

Figure 5.9 Yaw and Sway Test Track 

Test speeds were 10 to 60 mph in 5 mph increments. Speeds of 25, 30, and 55 mph 

were run twice to verify data. An additional speed of 57 mph was run as a safety measure 

before proceeding to 60 mph. 
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, , 
5.8 TURNOUT AND CROSSOVER 

Turnout and crossover tests were conducted to deterriline if the cars were able to 

negotiate standard turnouts and crossovers with a margin of safety in wheel/rail forces. A 

turnout is an arrangement of a switch and a frog with closure rails, by which car~ 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 parallel tracks. The 

wheel/rail forces would indicate if there was a tendency for wheel climb or to induce large 

lateral forces into the track. 

The Turnout and Crossover Test is not listed in Chapter XI as an official test but was 

conducted to verify the operation of the vehicle through crossovers and turnouts. The 

crossover from the Heavy Tonnage Loop (HTL) to the RIT (Switch NO. 307 A & 307B) 

was used for crQssover testing. This is a No. 10 crossover with a 20 mph speed restriction. 

Crossover test runs were performed at 10, 17 and 20 mph. Figure 5.10 illustrates a typical 

crossover. 

CROSSOVER 

Figure 5.10 Crossover 

16 



Turnout testing utilized the turnout entering and exiting the Urban Rail Building 

(URB) switch No. 704. This is a No.8 turnout with a 15 mph speed restriction. Turnout. 

test runs were performed at 10 and 15 mph. Figure 5.11 illustrates a typical turnout. 

TURNOUT 

SWITCH POINTS 

FROC~ 

~INT 
~CINC POINT 

Figure 5.11 Turnout 
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6.0 PHASE II OBJECTIVE 

. . 
The objective of Phase II track worthiness testing was to measure the on-the-rail 

dynamic performance of the MLC, EMS-l in a coupled span bolster configuration. Vehicle 

performance was monitored for the following Chapter XI test conditions: 

• Lateral Stability on Tangent Track (Hunting) 

• Constant Curving 

• Spiral Negotiation 

• Twist and Roll 

• Pitch and Bounce 

• Dynamic Curving 

• Yaw and Sway 

• Turnout and Crossover 

Vehicle performance was compared to the criteria described in Table 11.1 of Chapter 

XI, which is attached as Appendix B. 
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7.0 PHASE II PROCEDURES 

The location of each track worthiness tests zone was shown in Figure 3.1. Detailed 

Triplet Phase II Track Worthiness Test Procedures may be found in Appendix C (3). All 

Phase II tests used identical procedures as Phase I tests. The Phase II test consist is shown . 

in Figure 7.1. The MLC was tested B-end leading. The maximum test speed for Phase II 

tests was 60 mph. Individual test speeds may vary between Phase I and Phase II. 

Figure 7.1 Phase II Test Consist 

. 11--======~~===~ 
I Reproduced Irom 

best available copy. 
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8.0 MATERIALS AND INSTRUMENTA'fITON 

8.1 ATCHISON, TOPEKA AND SAN'JI'A FE 90006 

One of the three test vehicles was the ATSf 90006 depressed center flatcar, shown in 

Figure 8.1. 

Figure 8.1 ATSF 90006 (Loaded Condition) 

The ATSF 90006 depressed center flatcar was chosen for its ability tc? be loaded to 

simulate the USAF's PKRG Launch Control Car (LCe) designed by Rockwell Interna

tional. The overall length was 2 feet shorter and less than a foot narrower than the Lee. . 

Rockwell International estimates the weight of the Lee at 404,150 pounds. The 

ATSF 90006 test car was loaded with twelve 22,OOO-pound concrete blocks for a total car 
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weight of 404,550 pounds. The center of gravity for the car and load waS 68.1 inches. The 

mass moment of inertia in the X direction was approximately 2.1 x 1oo in-Ibs-sec2, and in 

the Y direction 4.9 x 107 in-Ibs-sec2. ATSF 90006 was equipped with span bolsters to dis

tribute heavy loads over four 100-ton design trucks, two at each end. 

Contact between the car body and the span bolster was at the center plate which was 

20 inches in diameter and used a center pin. Solid plate non-contacting side bearings were 

also used between the car body and span bolster. Four American Steel Foundries' (ASF) 

100-ton design ride control trucks were utilized, two in each span bolster. No primary sus

pension was present. The secondary suspension consisted of seven outer and five inner D-3 

. springs. The spring configuration is shown in Figure 8.2. 

@o@ 
@ 

@O@ 

o OUTER 

o INNER 

Figure 8.2 ATSF 90006 Spring Configuration 
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The 36-inch wheels were used in the same condition they arrived. No additional pro

filing was performed. 

The axle spacing within each 100-ton design truck was 70 inches. The truck center 

spacing within a span bolster was 140 inches. The span bolster center spacing was 60 feet. 

The car body was 86 feet 1 inch long with a 32-foot long depressed center. The car length 

was 91 feet over strikers. Type E-60 tight lock couplers with IS-inch Freightmaster M-E 

cushioning devices were used. 

8.2 ATCHISON, TOPEKA AND SANTA FE 90007 

The. ATSF 90007 depressed center flatcar was chosen for its ability to be loaded to 

simulate the Air Force's PKRG Security Car (SC) designed by Rockwell International. 

The overall length was 2 feet shorter and less than a'foot narrower than the Sc. 

The weight of the SC, as weighed at the TIC, w~ 410,550 pounds. All attributes of 

the ATSF 90007 are identical to that of the ATSF 90006. 

8.3 ATCHISON, TOPEKA AND SANTA FE 90004 

The ATSF 90004 depressed center flatcar, with 38-inch wheel sets is shown in Figure 

8.3. 
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Figure 8.3 ATSF 90004 (Loaded Condition) 

The ATSF 90004 depressed centerfiatcar was chosen for its ability to be loaded to 

simulate the USAF's PKRG Missile Launch Car (MLC) EMS-I, designed by Westinghouse 

Electric Corporation (WEC). The overall length was 5 feet 6 inches shorter than the MLC. 

The width was approximately the same. 

The weight of the MLC, EMS-I, as weighed at the TIC, was 558,150 pounds. The 

ATSF 90004 car was loaded with eighteen 22,000 pound concrete blocks for a total car 

weight of 556,900 pounds. The center of gravity for the car and load was 87.1 inches. The 

mass moment of inertia in the X direction was approximately 2.9 x 10> in-Ibs-se~, and in 

the Y direction 5.3 x 107 in-Ibs-se~. ATSF 90004 was designed with a span bolster to dis

tribute heavy loads over four 125-ton design trucks, two at each end. Contact between the 

car and the span bolster was at the center plate which was 22 inches in diameter, and used 

/ 
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a center pin. Solid plate non-contacting side bearings were used between the car body and 
• 

span bolster. Single roller bearings were used between the span bolster and trucks. There 

was no primary suspension. The secondary suspension system consisted of eight outer and 

eight inner D-3 springs. 

The 38-inch wheels were used in the same condition they arrived. No additional pro

filing was performed. The axle spacing withirieach I25-ton design truck was 72 inches. 

The truck center spacing within a span bolster was 144 inches. The span bolster center 

spacing was 55 feet. The car body was 62 feet long with a 25-foot long depressed center. 

The car length was 86 feet 4 inches over pulling face of couplers. Type E-60 tight lock cou

plers with a IS-inch Freightmaster M-E cushioning device was used. 
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8.4 MISSILE LAUNCH CAR (MLC) EMS-l 

The PKRG Missile Launch Car, Engineering Mass Simulator, Car WECX1OO3R is 

shown in the loaded condition in Figure 8.4. 

Figure 8.4 Missile Launch Car EMS-! (Loaded Condition) 
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The car was designed for the USAF by WEC to carry a Peacekeeper Canisterized 

Missile and assoCiated launch hardware. The missile and canister were simulated with con-

crete blocks in a .steel truss. 

The car was not longitudinally symmetric. The operationa~ support equipment (OSE) 

bay was bolted to the B-endof the car. That bay would hold the launch hardware and envi

ronmental control system. Those items were simulated with steel plates on the outside 

walls of the OSE bay. While the mass and center of gravity of the EMS-l car may have 

been similar to an operational model (OM), the polar moments of inertia were not neces

.sarily the same. 

WEC estimated the weight of the loaded MLC at 554,000 pounds. The weight of the 

MLC, EMS-I, as.weighed at the TIC, was 558,150 pounds. Span bolsters were required to 

distribute the load overfour trucks, two at each end. The span bolsters were designed by 

and constructed for WEe. 

Four 125-ton design ride controi trucks were utilized, two in each span bolster. The 

primary suspension consisted of small plastic disks (TecsPads) between the side frames and 

the bearing adapters. The secondary suspension system consisted of five inner and nine 

outer D-7 springs. 

The axle spacing within each 125-ton design truck was 72 inches. The truck center 

spacing within a span bolster was 144 inches. The overall length was 91 feet 7 inches. The 

width was approximately 11 feet 
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8.5 INSTRUMENTED WHEEL SETS 

Four 38-inch and four 36-inch instrumented wheel sets were proVided to the TIC for 

this test as Government Furnished Equipment (GFE). Two sets were manufactured by the 

Illinois Institute of Technology Research Institute (IITRI); and two sets were manufactured 

by ENSCO Inc. The instrumented wheel sets used standard wheels and axles machined 

smooth and strain gaged. Vertical and lateral wheel force, and axle torque were calculated 

from the strain gage output. 

8.5.1 IITRI Instrumented Wheel sets 

Each wheel had six strain gage bridges. Three strain gage bridges were used to mea

sure vertical force, two were used to measure lateral force and one was used to indicate 

lateral wheel tread position on the rail. Axle torque was measured with a strain gage 

bridge on the axle. The raw analog strain gage signals were acquired with IITRl's.386 

based computer system and an analog to digital (AD) converter. The signals were pro

cessed to produce digital output in the form of left and right side vertical wheel force, lat

eral wheel force, and axle torque. The digital signals were then converted to analog. 

Those analog signals were displayed on strip charts during testing and acquired on the 

Hewlett-Packard (HP) Data Acquisition System (DAS) with the output from other trans

ducers. Appendix D (1 and 2) contains the "IITRI Wheel ,Set Instrumentation, Calibration, 

and Oprerational Procedures;" 

8.5.2 ENSCQ Instrumented Wheel sets 

The ENSCO wheel sets were similar in design to the IITRI. One major difference 

was the wheel rotational position sensor. Rotational position on the IITRI wheels is 

implied from vertical gage output. The ENSCO wheel sets used magnetic switches 
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between the axle and bearing adapter to monitor wheel rotation. ENSCO used, two veitical 

gage bridges, two lateral gage bridges, but no lateral position gage. ENSCO used a bridge 

on the axle to measure torque. Signal processing was similar to IITRI; however, ENSCO 

used a 286 based computer. Appendix E is the Triplet Cars "ENSCO Wheel Set Instru

mentation, Calibration, and Operation Procedure." 

8.6 ROLL GYROMETERS 

Chapter XI requires the measurement of car body roll angle. To compare car per

formance to Chapter XI, four roll rate gyrometers (gyros) were installed. One roll rate 

gyro was installed on the A-end of the leading Triplet Car, one gyro was installed on each 

end of the middle' car during Phase I and Phase II, and one on the B-end of the trailing 

Triplet Car. All gyros were installed at floor level abovd the span bolster center bowl. 

The output signal was a roll rate. This was electronically integrated and output to the 

DAS as an analog roll angle. 

8.7 LATERAL ACCELEROMETERS 

Endevco 25 g accelerometers were installed laterally at the A- and B-ends on the roll 

gyro base plates. They were utilized for the hunting test criterion .of LO g peak-to-peak sus-
. ' , , 

tained for 20 seconds. 

8.8 ADDITIONAL MEASUREMENTS 

Vertically and longitudinally orieI\ted accelerometers were installed on the cars at the 

Air Force's request. Coupler angle in relation to span bolster and car body was also taken 

on the A-end of the middle Triplet Car. Two instrumented couplers were installed on the 
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8.9 DATA ACQUISITION SYSTEM (DAS) 

Analog signals from 160 signal conditioners were multiplexed and digitized with a 

HP-6944 mult.iprogrammer. Digital signals were acquired with a HP-360 computer. AD 

counts were stored with their proper engineering unit conversions on one file .. Data files 

were stored on a 650 megabyte optical disk. 

8.10 CHART RECORDERS 

Processed instrumented wheel set information was displayed real time on six chart 

recorders. Roll angle, lateral acceleration and coupler loads were also displayed real time 

on the recorders. 

9.0 SERVICEWORTHINESS/CURVE STABILI1Y RESULTS 

No car body suspension separation or wheel lift occurred on any Triplet Car during 

the Curve Stability Test. 

10.0 PHASE I TEST RESULTS 

Pre-test predictions were made for Phase I curving. The predictions were made using 
1 . 

a modified version of the NUCARS (New and Untried Car Analytic Regime Simulation) 

vehicle dynamics program. The modifications were among those made to the original code 

as part of the TDM development effort. Appropriate predictions are noted in each subsec

tion. Predictions were made for the FRA at the USAF's request. Chapter XI criteria were 

used as a guideline to measure the performance of coupled span bolster cars and to 

indicate safe conduct of each test. Vehicle performance was compared to, but not limited 

by, Chapter XI criteria. 
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10.1 HUNTING 

There were two limiting criteria for the Hunting Test: (1) maximum axle sum L/V of 

1.3 sustained for50 milliseconds, and (2) maximum peak-to-peak lateral acceleration of 1.0 

g sustained for 20 seconds, or any occurrence greater than 1.5 g. The maximum test speed 

was 67 mph. 

Table 10.1 is a tabulation of hunting test results for the leading, middle, and trailing 

Triplet Cars. 

Table 10.1 Hunting Test Results 

SPEED MAXP·P 

I 
MAXIMUM AXLE 

I (mph) IA T ACCEL (g) SUML/V 

I LEADING TRIPLET CAR (ATSF 90006) I 
40 .76 .45 

50 .62 .58 

60 1.23 .57 

65 1.38 .88 
( 

67 1.45 .99 

I MIDDLE TRIPLET CAR (ATSF 90004) I 
40 .79 .45 

50 .84 .45 

60 1.45 .95 

65 1.52 .. .94 

67 1.54 1.16 

I TRAILING TRIPLET CAR (ATSF 90007) I 
40 .31 .45 

50 .46 .45 

60 .87 .42 

65 .99 .52 

67 1.52 .84 
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The maximum lateral peak-to-peak car body acceleration was 1.54 g, which occurred 

on the middle car at 67 mph. A 1.52 g lateral acceleration was recorded on the trailing car 

at 67 mph. Both these values exceed Chapter XI criteria, which states that no occurrences 

of 1.5 g peak-to-peak are permitted. This indicates that the middle and trailing Triplet 

Cars were hunting at 67 mph. Hunting was visible to the test crew at 60 mph and increased 

in severity with an increase in speed. At 67 mph, hunting was considered violent. 

10.2 lWIST AND ROLL 

. There are three Chapter XI criteria for the Twist and Roll Test: (1) maximum roll 

angle of 6 degrees peak-to-peak, (2) maximum axle sum L/V of 1.3 not to exceed 50 milli

seconds, and (3) minimum vertical wheel load of 10 percent of its static value not to exceed 

50 milliseconds. The maximum test speed was 60 mph. 

Table 10.2 is a tabulation of pre-twist and roll vertical wheel force data. This was 

used to determine the "static" wheel load to use in the minimum vertical wheel load percent 
, 

calculations for twist and roll criteria. Instrumented Wheel set numbering is from the lead 

car A-end back toward the trailing Triplet Car B-end. Right is always the right side while 

looking from the back of the train toward the locomotives. Figure 10.1 shows the train and 

the instrumented wheel set numbering system. 

Operational Direction .. 
Leading 036 .. Cor ~iddlo 38 .. Cor Trcllin9 36 Of Car 

~~~ 
t t t t t t 
#' 1/2 #3 #4 #5 Hi; 

Le ft Side Shown 
Right Side Opposite 

Figure 10.1 Instrumented Wheel Set Numbering System 
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To verify proper instJ1lmented wheel set operation, the vehicle weights were esti-
, . 

mated from the measured vertical wheel loads. Since only one wheel set under the leading 

and trailing car was instrumented, the average wheel loads were multiplied by the number 

of wheel sets on the car. The middle Triplet Car had four 38-inch instrumented wheel sets, 

which were averaged and then multiplied by eight. 

Table 10.2 Triplet Rolling Unperturbed Wheel Loads (kips) 

I ~W.Q~~ SID I EST 

SPEED WWW AVG DEV WEIGHT 
(mph) 10 13 16 20 '10 

FV1R: 23.26 23.00 23.07 23.24 23.39 23.19 0.14 LEADING 

FV1L: 25.95 26.81 26.68 26.71 26.73 26.58 0.32 398,140 

FV2R: 34.13 34.10 . .34.19 34.18 . 34.10 34.14 0.04 

FV2L: 33.78 34.44 ' 34.37 34.28 34.24 34.22 0.23 

FV3R:· 39.60 38.62 38.70 -- 40.12 39.26 0.63 

FV3L: 37.37 36.53 ~6.42 ' -- 36.36 36.67 0.41 MIDDLE 
l 

FV4R: 35.31 ·36.04 36.46 36.66 36.66 36.23 0.51 575,650 

FV4L: '36.66 36.16 35.73 35.76 36.52 36.17 0.38 
.. 

FV5R: 37:26 36.82 37.45 36.87 36.22 36.92 0.42 

FV5L: 34.16 34.50 34.85 33.97 33.60 . 34.22 0.43 

FV6R:' 26.21 26.29 26.32 26.50 26.26 26.32 0.10 TRAILING 

FV6L: 24.44 24.79 25.02 24.86 25.19 24.86 0.25 409,410 
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The light weight of the leading and trailing Triplet Cars as given by ATSF is 140,550 

~ou.nds. With the addition of 264,000 pounds from the concrete blocks, the estimated 

weight of each car became 404,550 pounds. This was a difference of 6,410 pounds or 1.6 

percent of the total vehicle weight estimated from 1 axle of vertical wheel force data for the 

leading Triplet Car, and 4,860 pounds or 1.2 percent of the total estimated vehicle weight 

for the trailing Triplet Car. The loaded weight of the middle Triplet Car, as weighed at the 

TIC, was 556,900 pounds. This was a difference of 18,750 pounds or 3.2 percent of the 

vehicle weight as estimated from four instrumented wheel sets. 

Table 10.3 through 10.5 are tabulations of the twist and roll results. All cars per~ 

formed well within Chapter XI limits. 

Table 10.3 Leading Triplet Car Twist and Roll Results 

SPEED MINIMUM VERTICAL ROLL ANGLE 

I 
AXLE 

(mph) WHEEL LOAD % (Degrees) SUML/V 

10 62 0.8 .31 

13 58 0.9 .36 

16 57 0.9: .35 

20 58 0.8 .35 
-

.. 
.27 62 1.7 . 29 .. ... 

30 52 
; 

1.4 .41 

40 58 1.7 : .38 

50 60 1.1 .34 . 

56 64 1.0 .38 
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Table 10.4 Middle Triplet Car Twist and Roll Results 

SPEED MINIMUM VERTICAL ROLL ANGLE 

I 
AXLE 

I (mph) WHEEL LOAD % (Degrees) SUML/V 

10 67 2.2 .65 

13 64 2.4 .53 

16 47 3.1 .61 

20 56 3.7 .58 

27 58 2.2 .24 
-
30 63 2.5 .55 

40 72 1.0 .41 

50 70 0.6 .40 

56 70 0.6 .40 

Table 10.5 Trailing Triplet Car Twist and Roll Results 

SPEED MINIMUM VERTICAL ROLL ANGLE AXLESUML/V 
(mph) WHEEL LOAD % (Degrees) 

10 -65 - 3.3 .30 

13 65 1.3 .32 

16 65 0.7 .34 

20 63 1.0 .35 

27 51 0.6 .31 

30 51 1.0 .40 

40 57 1.1 .36 

50 60 1.0 .35 

56 65 0.7 .48 , 
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10.3 PITCH AND BOUNCE 

The performance criterion listed in Chapter XI for pitch and bounce was in reference 

to minimum vertical wheel load. The limit was 10 percent of the static wheel load not to 

exceed 50 milliseconds. 

Table 10.6 is a tabulation for each car of the minimum vertical wheel loads iIi percent 

for the Pitch and Bounce Test. All three cars performed well within Chapter XI Criteria. 

Table 10.6 Pitch and Bounce Results 

SPEED MINIMUM VERTICAL WHEELAND 
(mph) WHEEL LOAD % LOCATION 

I LEADING TRIPLET CAR I 
30 66 1 Left 

40 72 1 Left 

50 68 1 Left 

60 71 1 Right 

MIDDLE TRIPLET CAR 

30 79 4 Right 

40 80 2 Left 

50 79 4 Left 

60 65 4 Left 

I TRAILING TRIPLET CAR I 
30 78 6 Right 

40 77 6 Left 

50 74 6 Left 

60 71 6 Left 
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10.4 YAW AND SWAy 

There are two Chapter XI criteria for the Yaw and Sway Test: (1) maximum axle 

sum L/V of 1.3, and (2) maximum instantaneous truck side sum L/V of 0.6. In order to 

obtain truck side L/V ratios, the leading truck of each span bolster on the middle Triplet 

Car was reconfigured with two 38-inch instrumented wheel sets. The maximum test speed 

was 60 mph. 

Truck side L/V was not determined for the leading and trailing Triplet Cars due to 

an insufficient number of load measuring wheels. 

Table 10.7 is a tabulation of the maximum axle sum and truck side sum L/V ratios for 

the yaw and sway testing runs for the middle Triplet Car. The highest axle sum L/V 

induced during yaw and sway testing was 1.08 at 35 mph, and the highest truck side sum 

was a 0.49 at 57 mph. Both values are below the Chapter XI criteria .. 
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'lI'albll~ Mb.'l Mnldlldlll~ Call" Yaw all1ldi Sway Results 

SPlElED AXlLE SlUM mUCK SIDE 

(l!1lTlJplhl) lL/V SUM: L/V 

10 0.54 0.20 

15 0.71 0.28 

20 0.85 0.41 

25 0.97 0.35 

25 0.96 0.32 

30 0.97 _ 0.42 

30 1.04 0.35 

35 1.08 0.40 

40 1.05 0.41 

45 '0.99 0.38 

50 1.02 0.43 

55 0.82 0.47 

55 0.97 0.43 

57 0.96 0.49 

60 0.90 0.48 
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10.5 TURNOUT AND CROSSOVER 

There are no official limiting Chapter XI criteria for the turnout and crossover tests 

because these tests.are not official ChapterXI·tests. Thewheel L/V criteria of 0.8·and .. 

axle sum criteria of 1.3 neither to exceed 50 milliseconds were used as guidelines. 

Table 10.8 summarizes wheel L/V and aXle sum L/V for the turnout and crossover 

resultsJor each car. The turnout axle sum L/Vfor the trailing Triplet Car exceeded guide

line,with a 1.32 L/V, however, the duration above 1.3 was only 20 milliseconds. 
I • • • 

. Crossover L/V values were considerably below the 0.8 and 1.3 wheel and axle' sum 

L/V criteria, respectively. 

" ~. ,,-, ~ - . Table 10.8 Turnout.and.Crossover Results .. 

I' 
TEST 

II 
SPEED 

II 
MAXIMUM 

II 
MAXIMUM 

II 
mSEC 

(mph) WHEELL/V AXLE SUM L/V OVER 1.3 

LEADING TRIPLET CAR 

T~r:nout ,,10 . ' 0.77 .d 1.27:: ~ -_ . 
.0 __ 0 

" ". ! ~ -: .--. . ~ . ~ .' 

Turngut 15 ; 0.74 1.23 i --
; Crossover 10,: 0.63 1.01 --
\ Crossover 2(:), ." 0.67 ., 1.12 ( I .: -- . 

I: MIDDLE TRIPLET CAR 
.. 

0.69 " Turnout 10 1.15 --,",., "Turnout" .... , .. .' .. ~, .. '.' .• ,,~ '" , ....... '0:63'"'- "," ..' ·"""iI·r'" -~ .'., .. - •• ... c 
r" • ,_ ...... ~ , 

15 --
Crossover, [,"':". ' ~ : ,: .. ' 10, 1"': :;--:", ; {).~5' ,'1':: :" ~ ~ ~ ~ :: i .. ,098 .~ , " ! ~ ~ ~ l i : ! ~,' ': --.- . " I ~ ~ jl ~ .~. • 

Crossover 20 0.56 1.01 --
1 TRAILING TRIPLET CAR 

Turnout 10 0.79 1.32 20 

Turnout 15 0.55 1.28 --
Crossover 10 0.54 0.93 --
Crossover 20 0.55 1.08 --
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10.6 DYNAMIC CURVING 

.. Chapter XI specifies limiting values for the following four parameters: (1) maximum 

wheel L/V of 0:8 not to exceed 50 milliseconds, (2).maximum axle sum L/V of 1.3 not"to 

exceed 50 milliseconds, (3) maximum roll angle of 6, degrees peak-to-peak, and (4) a mini- . 

mum vertical wheel load of 10 percent not to last more than 50 milliseconds. ' 

The test was performed in both the clockwise. and counterclockwise directionS. To 

help ensure safety, two additional IITRI instrumented wheel sets were installed. One was 

installed in the leading axle of th~ leading span bolster (# 7), and the other in the leading 

axle of the trailing span bolster (# 8), as shown in Figure 10.3. 

Operational Direction '. 
~ 

. :" LeodiCl9' 36 .. Cor .. ·-

. __ " #.7: .... " 

'" I' 

, !',J , 

, ~,I 

C' Middle. 38 ":Cor:. c.' ':. 

#4 . #,5. 

""; . 

. .-, .,. -Trailing '36 " Cor ., .. , .. 

'. :'~.~ 

. : .. t ~ -.: . ~: . 
- \' 

! IITRI ., IITRi ,:. IITRI ENSCO' I IITRI ENSCO IITRL . :.IITRI i.: 
'\ "~";.,,;..,~;,,;":,~':.~~ ';":"_',,-:;:' .-.":.;.~y :;.~;;~.~,-;. : .. _~'-~'~.~r.::'~~:~._~-_~.::::7~~"'--~ :',. .~, ,, __ .~ ... ,~~. ~~; ;~":: "~.:."'.". "; 

I ;iY: '::'L'etCSide:Shown<'.' i 
-.' ':""""':"'.: : c:.:::O".:::o",.:.o.;.;.:.c:.: ~:'::" ";;';':''';'::'':::":'Righr-~iif,e:'opPosite:C':''''':'' ".: :."·.;C.::::' ..... ""';;,: :. 

',: . ~ 

". '1-,:', 
...... - -;,,~, ,."..,. " ... ~- ...... '-.~ .... ' ..... r~.~""'.~""~-',..'.'- .... -.. ~-rf~ """-"'-"."~."-" ~., '~' .. --.,~ -.. ,., .. - ,.~" -, .. --~" .... -~.-. 

'" • <, f.,i~~~J9~~.Pyit~n:t,icJ.~~~rvingl~:sti:umented Wheel set Placement 
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Table 10.9 summarizes the leading Triplet Car dynamic curving testing results in the 

clockwise directions. The majority of the wheel unloading on the car came from wheel 1 

on the right side, (IR). The minimum wheel load was 29 percent. The maximum wheeL 

L/V ratios were all from wheel 7 on the left side (7L). Maximum axle sums for the car' 

occurred on axle 7. The car's maximum wheel and axle sum L/V occurred at 24 mph. All 

measured values were within Chapter XI criteria. 

Table 10.9 Leading Triplet Car. Dynamic Curving Results Clockwise Direction 

SPEED 
(mph) 

12 

14 

16 

18 

20 

22 

24 

26 
-.~·'28·· 

30 

32' 

MINIMUM VERTICAL 
WHEEL LOAD % 

48 

51 

57 

55 

63 

53 

49 

44 
46 
43 
29 

I 
AXLE 

SUML/V 

1.17 

1.26 

1.27 

1.26 

1.26 

1.26 

1.32 

1.30 

1.24 

-1.23 

I mSEC I 
OVER 1.3 

" '20 

Note: Roll angle was not recorded due to equipment malfunction. 

40 

.69 

.74 

.73 

.73 

.76 

.77 

.. " .7~f > ," 

,., .78: -- .. 

.74 :,:" -' 

I ~ 



Table 10.10 summarizes the middle Triplet Car's dynamic curving test results in the 

clockwise directions. Wheel 3L produced the highest percent of unloading for the middle 

Triplet Car during lower speed testing. Maximum unloading at higher speeds fluctuated 

from wheel to wheel, but the highest unloading always occurred on the right side. Wheel 

L/V ratios for the car followed a definite pattern. Wheel 2L had the highest L/V ratios 

from 12-22 mph, and wheel 3L had the highest L/V ratios from 24-32 mph. The peak 

wheel L/V was 1.02 and the peak axle sum L/V was 1.52, both occurring at 26 mph. Both 

of these values exceeded Chapter XI criteria. Chapter XI criteria were exceeded for more 

than 50 milliseconds at 18, 20, 22, 24, 26, and 28 mph. Roll angles on the car ranged from 

1.1 to 2.7 degrees peak-to-peak. The B-end of the car recorded slightly higher roll angles 

than the A-end. 

Table 10.10 Middle Triplet Car Dynamic Curving Results Clockwise Direction 

SPEED MINIMUM ROLL AXLE mSEC 

~ 
mSEC 

-(mph) VERTICAL ANGLE SUML/V OVER L/V OVER 

, , WHEEL LOAD % (Qegrees) 1.3 0.8 

, , 12 56 , 1.1 1.19 -- .70 , --
, ' l4 53 1.3 1.21 -- .72 --

I 

16 54 ' 1.6 1.33 40 .82 30 
" 0' , .. J 

, )8 
" 

. .49 2.1 
I 

1.38 85 , .89 90 

20 44 
, 

2.5 i 1.36 100 .85 85 

22 43 2.5 1.42 115 .95 110 

24 43 2.7 1.41 95 .90 60 

26 50 2.6 1.52 80 1.02 100 

28 56 2.5 1.42 75 .91 80 

30 55 2.2 1.29 -- .79 --
32 46 2.1 1.17 -- .67 --

-' 
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Figure 10.4 is a time history plot of the middle Triplet Car wheel L/Vratio during 

the 22 mph clockwise run. 

104 

PHS1 RN074 

110 MILLISECONDS 

:- -105 106· -

TIME (S) 
108 

This;fbUr; secortd~tirrie frame shows: the'middle TiipletfCar w1i~er1I::;-exte'edingJrhe 0.8 

wHeel L/V Chapter XIliffiit; Which isrepi~~ented iiI' tHis ·bIB£ioy tHehoiizbntafdashed--lihe~ 
Wheel3L yielded a maximum L/V of .95 and exceeded- Chapter Xfcdteria fo~ 110 milli-

seconds. 
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Figure 10.5 is a time history plot of th~ middl~ Triplet Car axle 3 sum L/V during the 

22 mph clockwise run. 
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Figure lO.51'ime Hi~~ory Plot of the Middle Triplet<::ar Axle 3 Sun:tL/V 
• _ ~ ~ • ,,L .. , • < ., ' • " '~.'" .' " ' •• _ '; , 

':. ',' ;\Dlis ,two ,st:~<?l1d tim~ ftame d~ring dynarni~curving ~h()ws the.tn,idqle" :r~ip!e,t ,~ar , 

~e 3~exc.e~ding th,e 1.3 ~esuI11:,~{Y~Chagter)a lirni~, ~hi~his represeI~te,d i~thi~ pl()p~y! 

the horizontal dashed line. Axl~ 3 yielded a maximum L/V of 1.42 and exceeded Chapter 

XI criteria for 115 milliseconds. 
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Table 10.11 summarizes the trailing Triplet Car dynamic curving testing r~sults in the 

clockwise directions. Maximum wheel unloading for the car followed an expected trend. . 

Wheel unloading at speeds of 12-22 mph were all left side, high rail wheels (6L and 8L),-,-( 

but from 24-32 mph unloading shifted to right si,de, low rail wheels (6R and 8R). Whee1.8L 

always yielded the highest wheel LjV with the exception of 32 mph where 6L yielded a 

slightly higher value. The maximum wheel LjV was 0.84 at 24 mph, but the duration above 

0.8 was only 30 milliseconds. Axle 8 always yielded the highest axle sum (jV values. The, 

maximum axle sum LjV of 1.4 which lasted for 40 milliseconds was recorded at 24 mph. . 

Chapter XI criteria were not exceeded for clockwise operation in the dynamic curve test. 

Table 10.11 Trailing Triplet Car Dymnmnc CUnrHIrlIg Results Clockwise Direction 

SPEED MINIMUM VERTICAL ~ m§EC I WHEEL I mSEC 
(mph) WHEEL LOAD % §UML/V OVER 1.3 ' LfV OVER 0.8 

12 60.18 1.23 -- .72 -- ,-, -, "-, ., 
, 14 70.92 1.28 '.78 " 

, -- --- l 

16 64.74 1.33 15 .76, ., : --. ;"-.' 
< 

: 

18 , 57.92 1.38 35 .78 . "'1 - • .... . - .... ~ ,~ 
I 

20 70.27 ' 1.32 25 .79 ' " " " --.- " 

22 60.58 1.36 35 .' .83 - -- ·25" 
, . 

24 53.34 1.40 40 .84- ,'--- ,·30, ,. 
i, 

.' , - .! 
I 

" . i 

26 51.18 1.34 ' 25 .80 -- . ' -

28 51.79 1.31 10 .78 --
3D 43.05 1.30 -- .80 --
32 32.29 1.27 -- .78 --

Note: Roll angle was not recorded due to eQlIJfilPmelIll~ m2~lruJllrncafil!)lIlI. 
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Table 10.12 summarizes the leading Triplet Car dynamic curving testing results in the 

counterclockwise direction. Wheel lR produced the highest percent of wheel unloading 

from 8-16 mph, and wheel lL produced the highest percent of wheel unloading from 18-30 

mph. The highest percent of wheel unloading recorded for the car was 40 percent at 30 

mph. 

Wheel 7R yielded the highest wheel L/V ratios from 8-14 mph, and wheel llR 

yielded the highest values from 16-30 mph. The maximum wheel L/V occurred at 28 mph 

and was 0.86 sustained for 35 milliseconds. Axles 1 and 7 produced the highest axle sum 

L/V ratios. The maximum axle sum L/V was 1.37 and occurred at 8 and 16 mph. The 

Leading Triplet Car exceeded Chapter X1[ with an axle sum L/V of 1.37 for 70 milliseconds 

over 1.3. 

SPEED 
(mph) 

"- 8' 

12' 

.- 14 ' 

, ,-a_ '16 
;). 

-~,-. 18 -

-20 

22 

24 

26 

28 

30 

Table 10.12 Leading TripRea C1Dll" Dyn1l1DITnnc iC1lllmlI1lg Res1lllnas 
Countell"dockwise Dnll"ednlOllI1l 

MINIMUM VERTICAL ~ IIJl1l§EC WlHIElEL 
WHEEL LOAD % §UML/V (J)V1E11~ .. lo3 L/V 

63 1.37 70 .78 

66 1.27 -- .74 

62 1.31 5 .74 
-, 63 1.37 40 .80'-

63 1.32 15 .81 

55 1.30 -- .81 

51 1.27 -- .78 

52 1.32 25 .79 

45 1.24 -- .79 

46 1.34 20 .86 

40 1.31 10 .84 

Note: Roll angle was not recorded due ao eqUllnpmerrna mmailil'umC¢nOlln. 

4S 

" 

m§EC 
OVER' 0.8 

--
.. , --

.. ,<- , " ••• --
, " - " --

-10 ... 

10 

--
--
--
35 

30 



Table 10.13 summarizes the middle Triplet Car dynamic curving testing results in the 

counterclockwise direction. Wheel4R produced the highest percent of wheel unloading 

from 8-18 mph. The highest percent of wheel unloading recorded for the car was 41.9 per

cent at 30 mph. 

Wheels 2, 3, 4, and 5 right all recorded a high L/V between 8-16 mph. Between 18 

and 30 mph, whe~l 4R consistently produced the highest L/V ratio. The maximum wheel 

L/V occurred at 8 mph and was 0.72. The extreme underbalance condition at such a low 

speed is the probable cause. Axle sum L/V ratios followed the same pattern as wheel L/V 

ratios. The maximum axle sum L/V was 1.28· and occurred at 8 mph. Roll angles produced 

during dynamic curving ranged between 1.5 and 3.1 degrees. Chapter XI criteria were not 

exceeded. 

SPEED 
(mph) 

8 

12 

14 

16 

18 

20 

22 

24 

26 

38 

30 

Table 10.13 Middle Triplet Car Dynamic Curving Results 
CounterclockWise Direction 

MINIMUM VERTICAL ROLL ANGLE I AXLE SUM II WHEEL I 
WHEEL LOAD (%) (deg) L/V L/V. 

58 1.5 1.28 .72 

61 2.5 . 1.18 .69 
" . 

64 2.0 1.18 .69 . , 

59 1.6 1.15 .70 .. 
60 2.3 1.24 .70 

60 3.1 1.20 .70 

54 2.8 1.22 .69 

51 2.6 1.21 .71 

53 2.5 1.19 .68 

52 2.3 1.19 .66 

42 1.6 1.15 .67 

46 



Table 10.14 summarizes the trailing Triplet Car dynamic curving testing results in the 

counterclockwise direction. Maximum wheel unloading for the car was not limited to a 

specific axle nor to a specific side. The maximum percent of wheel unloading was 44 per

cent at 30 mph. 

Whee18R had wheel L/V ratios above the Chapter XI criteria of 0.8, however, the 

duration was less than the 50 millisecond criteria. The maximum wheel L/V occurred at 14 

mph and was 0.83. Axles sum L/V ratios followed the same pattern as wheel L/V ratios 

with the exception of axle 6 at 8 and 22 mph. The maximum axle sum L/V was 1.52 at 28 

mph for a duration of 40 milliseconds, thus not exceeding Chapter XlI. 

SPEED 
(mph) 

'8 

12 

14 

16 
... -. -

18 

20 
- .. " . '- ". 

, 2~: . 
.. .. .. , 

24· 

26 

28 

30 

Table 10.14 'framng TJripnet CalJr lDlYH1lalmnc CUllII"VllllUg IR.esunH~s 

CmmtercDockw:D.se lDirecUoBil 

MINIMUM .VERTICAL ~ . m§EC WlIIEEL 
WHEEL LOAD % SUML/V OVER Jl.~ L/V 

61 ' 1.31 5 .74 

68 1.25 -- .70 
~ ... 

66 1.42 40 .83 

67 .1.38 10 .78 

59 1.31 15 .76 
-- '0 

55' i 1.34 15 .70 
. . " . - ., . 

. . 67 1.29 -- .72 d' 

.. , ." - ~ ~ -

54 1.33 20 .79 

51 1.36 45 .78 

46 1.52 40 .82 

44 1.32 10 .75 

Note: Roll angle was not recoll'ded due ao leQlllln]pment mmnCUJllIldnoIrll. 
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10.7 CONSTANT CURVING 

Constant curving tests were performed on the 7.5- and 12-degree curVes of the WRM. 

Curve entry, steady state curving, and curve eXit were analyzed independently. The two 

Chapter XI criteria for steady state curving are 95th percentile wheel and axle L/V of 0.8 ., 
" 

and 1.3, respectively. The two criteria for curve entry and exit are maximum wheel L/V of 

0.8 and minimum percent vertical wheel load of 10 percent sustained for 50 milliseconds. 

Table 10.15 is a tabulation of the 7.5-degree curve entry test results and predictions. 

Table 10.15 7.S-Degree Curve Entry Results·· CW llnd CCW Direction 

SPEED 

LJ~ 
PRED MINIMUM PRED AXLE 

(mph) . LfV. WHEEL WHEEL WHEEL SUM. 

L/V LOAD % WAD L/V 

LEADING TRIPLET CAR 

14 (10) CW .56 .50 58 60 1.07 

24 CW .54 .47 65 62 1.04 

32 (34) CW .52 .51 68 46 .% 

16 CCW .64 -- 74 -- 1.11 

24 'ccw .65 -- 74 -- 1.13 

32 CCW .57 -- 73 -- 1.01 

MIDDLE TRIPLET CAR 

14 (10) CW .58 .53 69 63 1.09 
'- - -

24 CW .54 .54 68 62, .97 

32(34) 
. -

CW .49 .39 63 55. .94 . 
. ' - . 

16 CCW .55 -- 69 -- .99 

24 CCW .49 -- 68 -- .95 

32 CCW .49 -- 62 -- .92 

TRAILING TRIPLET CAR 

14 (10) CW .66 .48 68 60 1.14 

24 CW .55 .47 63 62 .%. 

32 (34) CW .53 .51 47 46 .89 

16 CCW .52 -- 70 -- .% 

24 CCW .61 -- 67 -- 1.07 

32 CCW .53 -- 66 -- 1.00 

( ) Model Speed 
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The directional change from clockwise to counterclockwise produced no significant 

increase or decrease in values. All cars performed well within Chapter XI criteria. Figure 

10.6 shows a comparison of wheel L/V versus the TDM predicted wheel L/V and a com-
'. . . 

parison of minimum vertical wheel load versus predicted minimum vertical wheel load in 

percent for the 7.5-degree curve entry. 
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All cars had values. well within Chapter XI criteria for the 7.S-degree steady state 

curving test (Table 10.16). The leading Triplet Car produced higher wheel and axle sum . 

L/V's in the counterclockwise direction. In the counterclockwise direction, the consist 

exited the 12-degree curve then immediately entered the 7.5-degree curve (a reverse 

curve). 

Table 10016 'oS-Degree Steady State Results -- CW and CCW Direction 

SPEED LJ WHEEL 95% PRED AXLE 95% PRED 

(mpb) L/V WHEEL WHEEL SUM AXLE AXLE 

L/V LfV LfV SUMLfV SUMLfV 

LEADING TRIPLET CAR 

14 (10) CW .44 .35 .48 .78 .67 .93 

24 CW .47 .35 .40 .88 .67 .80 

32 (34) CW .43 .35 .36 .81 :69 .73 

14 CCW .66 .53 -- 1.12 .95 --
24 CCW .65 .54 -- 1.08 .% --
32 CCW .62 .51 -- LOS .90 --

MIDDLE TRIPLET CAR 

14 (10) CW .58 .45 .47 1.02 .84 .90 

24 CW .53 ; .44 .40 .99 .83 .81 

32 (34) cW .55 .42 .37 
.. -

1,00 
.-

.83 : .70 -. 

14 CCW .61 .51 -- 1.06 .93 --
24 -- CCW - -- .55 .46 -- .. -- L01' ~: -.87-,·; --- -

32 CCW .51 .39 -- .91 .77 i' --
I -. - .. . ~ - - -_. 

I TRAILIN,G TRIPLET CAR 
- -

14 (10) CW .58 .46 : -.46 1.03 - . .84 : . .91 

24 CW .60 .47 .40 1.04 .83 .80 

32 (34) CW .61 .43 .36 1.04 .80 .72 

14 CCW· .59 .47 -- 1.02 .87 --
24 CCW .62 .49 -- 1.07 .91 --
32 CCW .61 . .48 -- 1.08 .90 --

() Model S~d 
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Figure 10.7 shows a comparison of maximum and 95 percentile wheel L/V versus the 

TDM predicted wheel L/V and a comparison of maximum and 95 percentile axle sum L/V 

versus predicted axle sum L/V for the 7.5-degree steady state curving. 
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Table 10.17 is a tabulation of the 7.S-degree curve exittest results and predictions. 

All cars had wheel L/V r~tios below 0.65. , Axle sum L/V ratios for all cars were below 

1.15. Both measurements were unaffected by direction of operation. All cars had values 

within Chapter Xl[ criteria. 

'Irablle :n.~.:n. i ;.S-lIJ)egrr-ee CUlllrve IExn~ Results •• CW and CCW Direction 

SPlElED lDlITlR. WlHllElElL PUll} MiNIMUM PRED [:=J (mpibl} IL/V WlfIllElEL WHEEL WHEEL SUML/V 

IL/V WAD % WAD % 

LlEAlDllNG TRIPLET CAR 

14 (10) CW .51 .48 74 60 .89 

24 CW .47 .45 , 73 62 .83 

32 (34) CW .49, .38 64 54 .91 
. -

16 CCW .47 -- 75 ' -- .85 

24 CCW .47 -- 66 -- .85 

32 CCW .45 -- 61 -- .SO 

. MHDDLlE TRlIPlLlET CAR 

14 (10) CW .50 .47 67 63 .95 

24 CW .57 .42 75 62 1.00 

32(34) CW .48, I .37 62 56 .90 
.. ~ . 

16 CCW .49 -- 74 -- .88 

24 ccw .48 -- 68 -- .92 

32' CCW .40 , , -- 54 -- :73 
I 

'j['IRAHUNG ,][,RnPILET CAR 

14 (10) CW .53 .50 67 56 .96 

24 CW .48 045 73 60 .90 

32 (34) CW .49 .38 71 53 .81 

16 CCW .57 -- 77 -- 1.02 

24 CCW .65 -- 47 -- 1.14 

32 CCW .54 -- 52 -- .97 

( ) Moden Speed! 
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,.-

Figure 10.8 shows a comparison of wheel L/V versus the TDM predicted wheel L/V 

and a comparison of minimum vertical wheel load versus predicted minimum vertical 

wheel load in percent for the 7.5-degree curve exit. 
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Table 10.18 is a tabulation of the 12-degree curve entry test results and predictions. 

The leading Triplet Car exceeded Chapter XI wheel L/V criteria at 28 mph with an L/V of 

0.88 sustained for 75 milliseconds over 0.8. The middle and trailing Triplet Cars did not 

exceed Chapter XI criteria in. the clockwise or counterclockwise directions. A direct com

parison between the leading and trailing car cannot be made due to different instrumented 

wheel set placement. 

Table 10.18 12-Degree Curve Entry Results •• CW and CCW Direction 

I I 
WHEEL I PRED MINIMUM PRED I AXLE I SPEED DIR L/V MAXIMUM WHEEL WHEEL SUML/V 

(mph) I PEAK II mSEC J WHEEL WAD Load n..,. ~J{ II mSEC 
. OVERO. LfV (%) (%) II OVER 1.3 

LEADING TRIPLET CAR 

16 (15.5) CW .81 25 .74 69 38 1.31 10 

24 (24.5) CW .84 30 .72 61 34 1.32 15 

28 (31) CW .88 75 .72 68 21 1.37 35 

1.6 . CCW .68 -- -- 71 -- 1.17 --
24 CCW .66 -- -- 72 -- 1.15 --

I .. ~ .. . , . MIDDLE TRIPLET CAR 
... I 

. 16 as.5) cw .. 78 -- .72 61 43 1.19 . --
24 (24.5) CW .73 -- .76 67 36 1.19 --
-28 (31) ew' , ·.69·, ' .. -- .60 ~ 

59 .. 30 . . 1.17 --
16 CCW .81 30 -- 56 -- 1.29 , --

, .. 24 .... ··CCW ·.61 ... r -- -- 57 -- 1.11 --
I; I TRAILING TRIPLET CAR 

.. - .. ' -- . I 
16 (15.5) CW .67 -- .74 65 38 1.18 --
24 (24.5) CW .66 -- .73 64 35 1.18 --
28 (31) CW .65 -- .72 64 21 1.16 --

16 CCW .69 -- -- 39 -- 1.20 --

24. CCW .67 -- -- 29 -- 1.16 --
( ) Model Speed 
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Figure 10.9 shows a comparison of wheel L/V versus the TOM predicted wheel L/V 

and a comparison of minimum vertical wheel load versus predicted minimum vertical 

wheel load in percent for the 12-degree curve entry. 
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Table 10.19 is a tabulation of the 12-degree steady state curving test results and pre

dictions. All cars performed within Chapter XI criterion during 12-degree steady state 

curving. The maximum speed in the counterclockwise direction was limited to 24 mph due 

to speed restrictions through the adjacent dynamic curving section of the track. 

Table 10.19 12.Degree Steady State Results •• CW and CCW Direction 

SPEED DIR WHEEL PRED 

AXLE [iJ (mpb) L/V MAX SUML/V MAX 

(mpb) IPEAKI~~ WHEEL 4 DUR ~ AXLE 
OVERO .. L/V OVER! L 

LEADING TRIPLET CAR 

16 (15.5) CW .77 -- .68 -- 1.30 -- 1.17 --
24 (24.5) cw .79 -- .68 .48 1.26 -- 1.15 .96 -
28 (31) CW .77 -- .63 .47 1.25 -- loll .92 

16 CCW .72 -- .57 -- 1.25 -- 1.05 --
0 

24 CCW .74 -- .55 -- 1.22 -- 1.03 --

I MIDDLE TRIPLET CAR I 
16 (15.5) CW .65 -- .61 -- : 1.16 -- loll --
24 (24.5) CW .66 -- .63 .47 1.18 -- ·1.12 .95 

28 (31) CW .66 -- .61 .48 1.19 -- loll .88 

16 CCW .80 -- .68 -- 1.30. -- 1.20 --.-

24 CCW. .67 -- .58 -- ·1.21 -- LID --
TRAILING TRIPLET CAR 

16 (15.5) CW .63 -- .. .55 -- 1.15 -- 1.04 --
24 (24.5) CW .62 -- .54 .48 1.13 -- 1.03 .96 

28 (31) CW .62 -- .55 .47 1.13 -- 1.04 .92 

16 CCW .81 25 .65 -- 1.35 35 1.15 --
24 CCW .78 -- .61 -- 1.31 10 1.10 --

( ) Model Speed 
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Figure 10.10 shows a comparison of wheel L/V versus the TDM predicted wheel L/V 

and a comparison of axle sum L/V versus predicted axle sum L/V for the 12-degree steady 

state curving. No wheel L/V or axle sum L/V predictions were made for the 16 mph 

12-degree steady state curving runs. 

~ 
1:1 
f 

$ 

f 

1.) 

1.2 

1.1 

I 

0.' 
O.B 

0.7 

0 .• 

0.' 

0.' 
0.3 

0.2 

0.1 

1.3 

1.2 

1.1 

I 

0.' 
0.8 

0.7 

0 .• 

0.5 

0.' 

0.3 

0:2 
0.1 

0 

16 18 20 22 2.. 26 28 JO .32 
SPEED ("PH) 

- .IrCT'UAL. -- -- 95 PERCENTLE 
.••••• - PREDICTED 

.-------------------~--------

16 18 20 22' 204 26 28 30 J2 

SPEEO ("PH) 

•••• -. PREOIc:TED 

TRNLiNG TRIPLET CAA 
. :-\.3 r--~-~,...,._:__--.,._-_,_-__, 

1.2 

\.I 

I 

0.0 

0.8 

0.7 

0 .• 

0.5 

0.4 

0.3 

0.2 

0.1 

a 16 18 20 22 24 26 28 JO 32 
SPEEO ("PH) 

95 PERCENTLE 
..•.... fiREOICltO 

~ 

l.£.ADtNC TRIPlET CAA 
1.,,-----------------, 

I.' 

1.3 

1.2 

\.1 

0 .• 

0.8 

0.7 

0 .• 

o.~ 16 IS 20 22 24 26 28 JO 32 

SPEEO (OPH) 

- .ICTUII. ---- os PERCENTLE 
.••••.• PREDICTED 

~IOC1.E lRIPILT CAA 1.',--------'-'----------, 
I., 

\.3 

1.2 . 

1.1 

i 0.0 

.0.8 

0.7 ~ L L, 

; 0.6 

o.~ 16 18 20 22 2.4 26 2B 30. 32 

SPEED ("PH) . 

-- - - -95 PERCENTLE' -I" 
.••• , •• PR£DIClEO . 

1.' .--___ .:.;.lRAI.:..:='N.:.,G :;.;.TR::..:'PL~rr::..:CAA:.:.:...-__ ,-----:-.,..-" 

I.' 

I.J -,. 

1.2 

1.1 

0.0 

D.8 

0.7 

D." 
O.S 16 18 20 22 24 26 28 30 32 

SPEEO ("PH) 

TES"1[!) 9S PERCENTL£ 
.••• _.. PREDICTED 

Figure 10.10 12-Degree Curve Steady State Results Versus 
Predicted Wheel L/V and Axle Sum L/V 

57 



Table 10.20 is a tabulation of the 12-degree curve exit test results and predictions. 

The leading arid middle Triplet Cars negotiated the curve exit within Chapter XI criterion 

in both the clockwise and counterclockwise directions. The trailing Triplet Car, however, 

exceeded Chapter XI criteria at underbalance, balance, and overbalance speeds when exit

ing through the bunched spiral. Exiting the 12-degree curve in the Clockwise direction is 

over the bunched spiral, exiting the counterclockwise direction is over a normal spiral. The 

trailing Triplet Car exceeded Chapter XI criteria. 

Table.l0.20 12-Degree Curve Exit Results -- CW and CCW Direction 

SPEED DIR 
I~EEL PRED MAXIMUM PRED 

I 
AXLE I (mph) L/y WHEEL WHEEL AXLE SUML/V 

mSEC L/V WAD % LfV PEAK" mSEC IOVERO.J OVER 1.3 

LEADING TRIPLET CAR 

16 (15.5) CW .69 -- -- 73.8 -- ~ 
1.20 --

24 (24.5) . cw .74 -- 1.08 69.2 36 1.24 --
28 (31) CW .74 -- 1.00 72.5 28 1.23 --

16 CCW .73 -- -- 70.3 -- 1.20 --
.24 CCW .74 -- -- 68.7 -- 1.22 --

j MIDDLE TRIPLET CAR I 
16 (15.5) .CW'-. .. 75. -- -- 54.9 -- 1.16 --
24 (24.5) CW .76 -- .85 53.4 36 1.19 --
28(31) cw .77 -- .61 55.5 41 1.19 --

16 CCW ." " .83 
]. 

30 '52.5 . 1.30 -- -- --
24 CCW .75 -- -- 61.3 -- 1.23 --

I TRAILING TRIPLET CAR I 
16 (15.5) CW .93 300 -- 40.7 -- 1.28 --
24 (24.5) CW 1.10 400 1.07 39.9 35 1.48 230 

28 (31) CW 1.12 350 .98 41.8 27 1.50 225 

16 CCW .81 25 -- 58.3 -- 1.30 --

24 CCW .78 -- -- 69.0 -- 1.27 --
() Model Speed 
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Chapter XI states that no wheel L/V shall exceed 0.8 for greater than 50 millisec

onds. The trailing Triplet Car exceeded three times with durations of 300, 350.and 400 mil

liseconds. This car also exceeded the axle· sum criteria of 1.3 for a duration of 230 and 

225 milliseconds. All cars performed within Chapter XI criteria in the counterclockwise 

direction exiting the normal spiral. Figure 10.11 is a time history plot showing the wheel 

L/V ratio of the trailing Triplet Car during the 24 mph test run (PHS 1 RN025) in the 

clockwise direction. 

RUN PHS 1 _RN025 
1.2.----------------------------------------, 

1.1 

0.9 

0.8 

.,' ,. 

0.7 
400 MILLISECONDS, --l.----l~ 

0.6 

0.5 L..---L-..L-'---"--'----''----'----'---'------'----1..----1---L---'-----"--'----'L--1-----'---'---'----1---l 
195 195.2195.4,195.6195.8196 "96.2·196A196'.6196 .. 8 197 .- " - 4~' 't. 

TIME {SEq', 

, , 
. FigUre 10.11 \Vheel LfV Time His"foi)'''of 24' mph' Run' " 

.. The two second time frame shows the trailing Triplet Car wheel 6R exceeding the 0.8 
.' 

wheel L/V Chapter XI limit multiple times while exiting the bunched spiral. Wheel6R 

yielded an L/V of 1.10 and exceeded Chapter XI criteria for 400 milliseconds.' 
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'Figure 10.12 is a time history plot showing the axle sum L/V of the tniiling Triplet 

Car during the 24 mph test run (PHS 1_ RN025) in the clockwise direction.. ' 

Figure 10.12' Axle sum L/V Time History for 24 mph RUl:( 

This time frame shows the trailing Triplet Car exceeding the 1.3 axle sum L/V Chap-
.. , .. - . 

! : . '1- '" .~ , 

ter Xl limit during two separate occurrences. The largest axle slim being '1.48 and lasting 

230 milliseconds." -,-':1 
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Figure 10.13shows a comparison of wheel L/Vversusthe TDM predicted wheel L/V 

and a comparison of minimum vertical wheel load versus predicted minimum vertical 

wheel load in percent for the 12-degree curve exit. ·Wheel L/V and minimum percent 

wheel load predictions were not made for the 16 mph 12-degree curve exit runs. 
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11.0 PHASE II TEST RESULTS 

11.1 HUNTING 

There were two criteria for the hunting test: (1) maximum axle sumL/V of 1.3 sus

tained for 50 millisecond~, and (2) mruamum peak-lo-peak lateral acceleration of 1.0 g sus

tained for 20 seconds, or any single occurrence greater than 1.5 g. The maximum test . 

speed was limited to 60 mph at the request of the Air Force for the Phase II cars (leading 

Triplet, MLC, 'and trailing Triplet). 

Table 11.1 is a tabulation of hunting test results for each car. The maximum lateral 

peak-to-peak car body a9ce1eration was 1.49 g, which occurred on the leading Triplet Car 

at 60 mph. ,All other g levels over 1.0 g were either single occurrences, or were only sus-
, , 

tained for 4 to 8 seconds.'Although:not exceeding ,Chapter xi criteria, the two Triplet Cars . 

were noted as visibly hunting by the testing staff. 

Tabl~ 11.1 Triplet Cars Hunting Test Results", . 

SPEED MAXIMUM P-P LATERAL . ,MAXIMUM AXLE . 
'" '. J, 

(mph) , ACCELERATION (g) SUMLfV 

. . _ ~,:J.,EADINGTRIPLET CA~ 

:30 '.41 

40 , ' .27 

50 . ·045 

60 .' " 

I' . . . ,\. . . 'MLC . ". ; .. 

30 .58 .16 

40 .71 .18 

50 .89 ';. .31 

60 1.12 .45 

TRAILING TRIPLET CAR 

30 .24 .28 

40 .34 .35 

50 .45 .37 

60 .66 .54 
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11.2 lWIST AND ROLL 

Results were compared to the three Chapter XI criteria for the Twist and Roll Test. 

The maximum test speed was 60 mph. 

Table 11.2 is a tabulation of pre-twist and roll vertical wheel force data for each car. 

This was used to determine the "static" wheel load used in the minimum vertical wheel load 

percent calculations for twist and roll criteria . 

. Table 11.2 Rolling Unperturbed Wheel Loads (kips) 

SPEED GJCLJ[JJGJ AVG STn G;d (mph) 10 60 DEV WEIGHT 
.. 

FVIR: 22.35 22.36 22.84 22.50 23.05 23.08 23.03 22.95 22.77 .30 LEADING. 

FVIL: 26.87 26.78 26.70 26.95 26.85 27.57 27.72 27.25 27.09 .36 399 

FV2R: 37.21 37.21 37.09 36.93 36.74 36.92 36.91 36.78 36.97 .17 

FV2L: 35.47 35.48 35.75 35.49 35.60 35.47 35.64 35.53 35.55 .09 

FV3R: 38.34 38.30 38.49 37.80 38.03 38.66 38.19 38.i3 38.24 .25 
" . 

., 

FV3L: 38.64 38.53 38.43 39.08 ,38.72' 38.08 37.81 38:30 38.45 .37 MLC: 
" - ~ ,. . . ~ - .. 

33,90·· 
~', - . ~ - . .- .. .. _.-

FV4R: 34.32 34.29 34.14 33.93 34.67 34.60 34.93 34.35 .34 572 
,,'" .. ' . , .. " ... , ..... "',, ~ . ,." '" ' .. -

FV4L: 35.80 ,35.74 35.49 35.94 35.68 35.29 35.08 35.06 35.51 . .31, '. 
J , 

FV5R': 33.35 33.29 33.04 32:74· 32.8 -32.95 '32.89 ,.J3:15 -33.03 .21: . 
. .. , .,,' . ,- .- , . ~ -.... ' '. - ~. . ~ ~." ... . .. ~ .. , .' : . - ~ -. ;":: ~:- \'; '; ' . 

FV5L:. 33.70 33.64 34.43 33.81 33.95. ,·33.65 33.50 33.48 .33.77 ::,:29 .. , 

FV6R: 26.16 25.95 25.83 '26.21 25.94 25.16 25.80 25.55 25.83 .32 TRAILING 

FV6L: 24.79 24.95 25.38 24.77 24.59 24.40 25.02 24.10 24.75 .37 405 
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To verify proper instrumented wheel set operation, vehicle weight was estimated 

. from the vertical wheel loads. Since' only one wheel set under the leading and trailing car 
. . 

was inStrumented, the average wheel loads were multiplied by the number~f wheel sets on 

the car. The MLC had four instrumented wheel sets, which were averaged and then mu~ti-, 

plied by eight. 

The weight of the leading and trailing Triplet Car as given by ATSF is 140,550 

pounds. With the additio:n of 264,000 pounds from the concrete blocks, the total weight of , 

each car became 404,5~0 pounds. This was a difference of 5,670 pounds or 1.4 percent of 

/ the total vehicle weight estimated for the leading car from instrumented wheel data, and ' 

13,595 pounds or 2.4 percent of the total vehicle weight estimated for the MLC from 

instrumented wheel set data, and the trailing car was nearly equal to total vehicle weight. 
,../ ., ... 

Table J 1.3 is a tabulation of the minimum percent wheel load, roll angle, and axle 
" 

sum L/V for the leading Triplet Car. Lower center roll for the leading car was determined' 

during modal testing to be '0.88 Hz, which corresponds to 23mpli: l1i'e severity of the re"ac~ . . 

lion,near res,onance (20 .. m'ph) was.rep'ressed due . .to.the difference between the axle spacing 

length of the car and the 39-foot perturbation cycle. The cars were not tested at 23 mph, 

but were tested through a range between 10 mph to 60 mph. The leading car performed 
I 

well within Chapter XI criteria. 
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Table 11.3 Leading Triplet Car (ATSF 90006) Twist and Roll ~esults 

SPEED MINIMUM VERTICAL ROLL ANGLE 

I 
AXLE SUM 

I (mph) WHEEL LOAD % (Degrees) - L/V 

10 59 2.0 .29 

14 61 0.7 .29 

-
16 58 -- .33 

20 55 0.9 .30 
, 

30 60 
";', 

1.4 .33 
.' '." 

·40 ' ·59 1.3 
' . 

.34 

50 64 ' 1.0 .36 
, : : ';J , -

60 68 1.2 .35 
, ~'.' ~ : " "<' .. '- . '" " : , 

'( , " :1· .. i, "' " 
L , <, '. ~ ~ 

.. ' ~ 
" , 
.... l :: ' 

I : \' :,~ ... ~ l: r~. .:";- ~i' ,~:'~ I • " :' ~.i'.~:- . 
;; "' 

,,-. \ , 

6S 
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Table 11,4 is a tabulation of the minimum percent wheel load, roll angle, and axle 

sum L/V for the MLC. The lower center roll of theMLC was found to be 0.5 Hz from lab 

testing; which corresponds to 13 mph on the 39-foot wavelength perturbations; The sever

ity of the reaction at resonance (13 mph) was repressed due to .the difference between the 

axle spacing length of the MLC and the 39-foot perturbation cycle. The MLC was tested 

through a range of 10 mph to 60 mph. The MLC performed well within Chapter XI crite-

na. 

, Table 11.4 MLC Twist and Roll Results 

SPEED MINIMUM VERTICAL , ROLL ANGLE 

I 
AXLE SUM 

(mph) WHEEL LOAD % (Degrees) L/V 

10 64 0.8 .18 

13 61 1.9 .17 
, .. .. , ... ~ 

16 62 1.1 .20 . '. 

" . -' .. - ... , , ~- ... 
20 66 ., ! 1.5 .20 

' . 
..... ,.- -. -- "" "" ~ .. ~'''' , ... -. ., ,,, ..-

3D ~66 1.3 .18 ," 
, r 

.. .. .. , " -~ ..... ' '" ~ ... "", .... " .. ." ... .. ~ ~ . " ~ , , ~ ~ ..- .... .. ~,- ,., , 
40 [65 1 1.0 : .20 , " r 

, " ~ ,. .. , . , ..... ~, .. .,.. ~ .. ., - .. _ ., ~J_" 'I n .. _ " •• , •• , , .. ' .... ~ . ... ~ '. ", .- •• A_ 
.. 4 •• ,_._ ". , .. ,' .. 

50 !63 0.7 .34 
._. 

60 55 1.1 .45 

66 

I 
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Table 11.5 is a tabulation of the minimum percent wheel load, roll angle, and axle 

sum L/V for the trailing Triplet Car. Lower center roll for the car was determined during 

modal testing to be 0.88 Hz, which corresponds to 23 mph on the 39-foot wavelength per

turbations. The severity of the reaction near resonance (20 mph) was repressed due to the 

difference· between the axle spacing length of the car and the 39-foot perturbation cycle~ 

The trailing car performed well within the Chapter XI criteria. 

Table 11.5 Trailing Triplet Car (ATSF 90007) Twist and Roll Results 

SPEED MINIMUM VERTICAL ROLL ANGLE 

I 
AXLE SUM 

(mph) WHEEL LOAD % (Degrees) L/V 

10 57 -- .34 

13 58 0.6 .38 

16 59 -- .39 .. ' . > , . ., ' ... T ,~ • 

'. 

20 58 0.8 .52 
.. '. ". ~ - - , .. , . . 

30 54 2.0 ;: .35 
." " .' .. ",- .. .. , ,_ c • u ~' .. _ ,. .' .. ,'. 

f 
, 

40 50 1.5 .' .. .46 
" . . . , , ... .. ~ " . . ....• "'- . ~ " 

'. 
50 56 '0 

, 
1.2 ' ... .46 .. .. , ~, . ", .. ' . .' , ~ "', , '-'''- ','" " ~~'·I'~~"~." ..... I- ~ " .. " .. .. - , " .... - . "- ~ " ... 

60 
"-

52 i 1.2 ' " .49 , 
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11.3 PITCH AND BOUNCE 

Tables 11.6, 11.7, and 11.8 are tabulations of the minimum percent vertical wheel 

loads for the pitch and bounce ~est runs. The two Triplet Cars and the MLC performed 

within Chapter XI criteria. 

Table 11.6 Leading Triplet Ca,r (ATSF 90006) Pitch and Bounce Results 

SPEED MINIMUM VERTICAL WHEELAND 

(mph) WHEEL LOAD % LOCATION 

30 74 1 Left 

40 70 1 Left· 

50 74 1 Left 

60 68 1 Left 

Table 11.7 MLC Pitch and Bounce Results 

I 

.. , 

l SPEED " MINIMUM VERTICAL WHEEL 

(mph) WHEEL LOAD % 

30 75 4 Right 

40 76 4 Right 

50 76 4 Left 

~, 

60 69 5 Right 

68 

" 

" 



Table 11.8 Trailing Triplet Car (ATSF 90007) Pitch and Bounce Results 

SPEED MINIMUM VERTICAL WHEEL 

-(mph) WHEEL LOAD % 

30 79 6 Right 

40 75 6 Right 

50 73 6 Right 

60 72 6 Right 

Figure 11.1 compares pitch and bounce test results to the Chapter XI limit; 

PITCH AND BOUNCE PHASE I 
100 

90 

80 

g 
70 

~ 
0 

60 -' 

~ 50 f= 
0:: 

:;' 
40 ':, 

::> 
:. 

30 Z 
~ 

20 

CHAPTER XI LIMIT 
10 

0 
30 34 38 42 46 50 54 58 

SPEED (MPH) 

I ----- Lead Triplet Cor - MLC --- Trail Triplet Car 

Figure 11.1 Pitch and Bounce Results Versus Chapter XI 
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11.4 YAW AND SWAY 

To obtain truck side L/V ratios, the leading truck of each span bolster on the MLC 

was configUred with two instrumented wheel sets., ,The maximum test speed was 60 mph. 

Table 11.9 is a tabulation of the maximum 3xIe sum and truck side sum L/V ratios for 

the' yaw and sway test runs for the MLC. The highest axle sum L/V induced during yaw 

and sway testin~ was 0.94 at 50 mph and the highest truck side sum produced was a 0.48 at 

60 mph. Both values are within the Chapter XI criteria. 

Table 11.9 Yaw'and Sway Test Results 
". 

":PEED (mph) I AXLE SUM.L/V II TRUCK SIDE SUM L/V I 
30 0.69 ' , 

I ~ 

0.33 '." 

40 0.88 0.35 

" .. ' . , -~ 50, ,., . -" 
0~94 

. , .. '0.45 . .. 

. , " , 
'" 6.0: ,,~. ", ,.:.0.93 "",0.48 

'c' . , ... , . ,-. "'. , .. - " 
.. 

'''" . ., '"' " ' , 

" 
. " ~ ,:"'- : ~; .. :: ',':.; .~::. -. . ~.,. . .. ~ .. 

i·, .. ---, .. ' ... , .. -,,:.,. , 
) 

i 

1"'"'''''' , 
~ , 
i" '"'" 'n ~,- ••• 

.. 
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11.5 TURNOUT AND CROSSOVER 

Chapter XI guidelines for wheel L/V of 0.8 and axle sum ,L/V of 1.3 sustained for 50 

milliseconds were used for the turnout and crossover tests. ' 

Table 11.10 summarizes ,the turnout and crossover results for wheel L/V and.axle 

sum L/V for each car. The maximum L/V, of the trailing Triplet Car, exceeded the axle' 

sum guideline with a 1.35 at 10 mph in the turnout. Crossover L/V values were consider7 

ably below the 0.8 and 1.3 wheel and-axle sum L/V criteria. 

TablE;!, 11.10 ,Tu.rnout and Crossover. Results 

TEST SPEED MAXIMUM MAxIMUM 

I 
mSEC' .. 

(mpb) WHEELU/V AXLE SUM'L/V OVER 1.3 
., .... -

LEADING TRIPLET CAR 

, Turnout' '- 10 ." 0.72· 1.22 

Turnout 15 0.73. 1.22 --
,,, .- -' .- -. " . .. .. .-r •••• ,,-, , ..... -.. --, 

Crossover 15 .45 0.78 --
. ~ . ....,' 

i Crossover 25 0.53 0:89 --, , . ~ .... ~ ~ -- , ~ ,. ,. ... ' .. ' 

Crossover 35 O.48: i 0.83 -- , : 

.. .. ~ - , " ". .. .' . .. '. , ~ ~ " ... MLC ... - .. ,~- ... . , ~ ," " .- .-. , .. " -,.""" .... ", ... J 

Turnout 10 0.68 1.16 --
Turnout 15 0.65 1.18 --

Crossover 15 0.34 0.68 --
Crossover 25 0.46 1.04 --
Crossover 35 0.48 0.90 --

I TRAILING TRIPLET CAR 

Turnout 10 0.80 1.35 40 

Turnout 15 0.79 1.28 --
Crossover 15 0.47 0.80 --
Crossover 25 0.54 0.94 --
Crossover 35 0.60 1.04 --
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11.6 DYNAMIC CURVING 

Before testing, predictions were made using the TDM., The test was performed in 

both the clockwise and counterclockwise directions. Prior to Phase II dynamic curving the 
, , 

two extra lITRl 36-inch instrumented wheel sets installed for Phase I dynamic curving were 

removed. 

Table 11.11 is a tabulation of the leading Triplet Car results and predictions for the 

clockwise direction. A minimum wheelload of 25 p~rcentoccurred at 30 and 32 mph. The 

maximum roll angle of 2.4 degrees peak-to-peak occurred at 32 mph. Wheel and axle sum .• 

L/V both had p~akvalues at 22 mph of 0.71 and 1.21, respecth~~ly. The leading Triplet 
J .' .. 

Car performe~ within Chapter XI criteria. 

Table 11.11 Leading Triplet Car Dynamic Curving Results Clockwise Direction 

SPEED MINIMUM VERTICAL 

(mph) Wheel Load % ... 

'" "I'A~AL II 'PRED ·1 

10 56 

12' 58' . "69 . " 

-, '. 14" ... '58 " 71"" 

• ' 016'" 58" .... "70 .... - .. 

. "--18" - " . 58 ' ..... _. '70' 

20 62 72 

22 65 70 

24 58 68 

26 53 71 

28 40 65 

30 25 61 

32 25 58 

ROLL ANGLE 

(Degrees) 

AXLE 

SUML/V 

WHEEL 

·L/V· 

... ACIUAL I· PRED .,. ·1 

" ... 1.06 .. ...... .65' 

or> ~.... • ........ .' -- 1.30 " . .63 
.' . 

. 0:5······ .... 1.10 1:27 " . 67· ,._,', " 
, .. ' ~ 

1.U- ' ..... ··· ... ··.63 .. ·"·~· '. 
., 

•... -1.16 . 1.25 ~67" , , . ., ~ , 

0.6 1.19 1.25 .70 

0.8 1.21 1.28 .71 

1.0 1.18 1.23 .68 

1.6 1.08 1.20' .61 

1.12 1.27 .62 

2.0 1.03 1.33 .63 

0.94 1.27 .61 
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Table 11.12 is a tabulation of the MLC results and predictions for the clockwise 

direction. A minimum wheel load of 60 percent occurred at 32 mph. The maximum roll 

angle of 1.6 degrees peak-to-peak occurred at 22 and 24 mph. Wheel and axle sum L/V 

both had peak values at 22 mph of 0.73 and -1.23, respectively. The MLC performed within 

Chapter XI criteria. 

Table 11.12 MLC Dynamic Curving Results Clockwise Direction 

SPEED MINIMUM VERTICAL ROLL ANGLE AXLE WHEEL 

(mph) Wheel Load % (Degrees) SUML/V L/V 

I ACTUAL I PRED· rT.\ , PRED ....... &,,~ 
\ 

10 53 -- 0.8 1.12 -- .65 

12 53 62 -- 1.11 1.33 .65 

14 56 62 0.6 1.16 1.35 .68 

16 54 63 0~8 1.16 1.20 .69 

18 60 68 1.2 1.22 1.18 .71 
; 

20 60' -, '73 ..... 1.4 1.17 1.17, .68 

-, 22 - '61 
, 

77 1.6· ' c1.23 1.15 i~73-
'. 

24 ''- -59 .. . . 80 '" ~ . .~. ·1.6 " 1.19 ·1.13 .69,: 

.. ,,- 26 ,. 51 '-" 79 ... ' ., .~ 

, -- ' . ""'- ... 1.19 ,,1.05 -.71· " 

28 51 .. 70 .. 1.5- ' .. '1;10 _ .. .. 1.07 . ,.62 . ... ~., -

'30 -53 '64 ' .. ~ " 1.2,· . ,- ~ ~ . 1.10 -' , , 1.05 .. .62- -,.,-, 
.-, 

32 47 6() .' ~ .... -1 '1.0" - - 1.02 ,- 1.00 .57 ,--, 

73 



" Table 11.13 is a tabulation of the trailing Triplet Car dynamic curving results and pre-

. diCtions for the clockwise direction. A minimumcwheelload of 32 percent occurred at 32 

mph. Roll angle steadily increased to a maximum of 2.0 degrees peak-to~peak at 32 mph. 
I 

Wheel L/V had a peak value of 0.8 at both 28 and 30 mph. Axle sum L/V exceeded Chap

ter XI criteria of 1.3 at 26 and 30 mph with a 1.31 and 1.32 respectively, but neither exce-

, eded the 50 millisecond criteria. 

Table 11.13 Trailing Triplet Car Dynamic Curving Results Clockwise Direction 

SPEED MINIMUM VERTICAL ROLLANGLK 

I 
AXLE 

I 
mSEC WHEEL 

(mph) WHEEL LOAD % (Degrees) SUMLfV OVER 1.3 LfV 

ACTUAL I PRED I I ACTUAL II PRED I 
10 62 -- 0.5 1.18 -- -- -:68 

12 62 68 0.5 1.21 1.29 -- .71 

14 62 . 71 0.6 -- 1.26 -- .70 

16 63 70 0.7 1.24 1.24 -- .72 ; 

18 60 70 0.5 1.23 1.24 -- .74 
- . -' ---.. 

,', '20" . 63. 
'" 72 0.7 1.27 1~24 .. : - ~ -- .75 

".", , .. .- -
--22- 58 -----73--' 0.8 1.30 ·1.i2 -- -- .77 

. "-,'1' .,: 

.77 ;--24- ... ,,-- -. 58' ... ' -,-" 69 ! j' 0.9 1.28 ,1.24 - -- .... 

I 

r 26 56 , 72 1.3 1.31 -'1:21 - .. 10 -- .78 
.. -- . --~ -- - -- ,-, 

28 -, .'- . -54 65 1.8 1.30 1.27 -- .80 

30 41 62 1.8 1.32 1.32 10 .80 

32 32 58 2.0 1.27 1.28 -- .76 
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Figure 11.2 shows a comparison of aXle sum L/V versus the TOM predicte~ axle sum 

L/V and a comparison of minimum percent vertical wheel load versus predicted minimum 

percent vertical wheel loads. 
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Table 11.14 is a tabulation of the leading Triplet Car dynamic curving results and pre

dictions for the counterclockwise direction. Wheel unloading steadily increased with speed 

until a minimum of 40 percent of the static wheel load was reached at 32 mph. Roll angle 

also increased with speed, having a maximum peak-to-peak roll angle of 2.0 degrees at 32 

mph. The maximum whe~l L/V of 0.59 occurred at 26 mph. The maximum axle sum of· 

1.27 occurred at 26, 28, and 30 mph. The leading Triplet Car petformed within Chapter XI 

criteria. 

SPEED 

(mph) 

10 

12 

14 

16 

18 

20 

22 

24 

. 26 

28 

30 

32 

Table 11.14 Leading Triplet Car Dynamic Curving Results 

Counterclockwise Direction 

MINIMUM VERTICAL 

I 
ROLL ANGLE 

I 
AXLE 

WHEEL LOAD % (Degrees) SUML/V" 

58 0.3 1.21 

56 0.5 1.22 

54 0.3 1.26 

-58 LiS --
.. 

·60 0.2 1.19 

. " ... . . .-, . 

56 -- --
. -

58 0:3 1.25 

.' . 
60 0.9 1.25 

54 1.3 i.27 
. ~ ~ "~ 

48 1.6' 1.27 

42 1.3 1.27 

40 2.0 1.21 

76 

WHEEL 

LfV 

.69 

.70 

.73 

.74 

.70 

.. , .70. 

:77 
; 

.78 
o· 

.79 . 

.18' . 

.78 

.73 



Table 1 ~.15 is a tabulation of the MLC dynamic curving results for the counterclock

wise direction. Wheel unloading steadilY'increased with speed until a minimum of 37 per

cent of the static whe~lload was'reached at 32 mph. Car body roll peaked at 30 mph with a 

roll angle of 1.8 degrees peak-to~peak. The'maximum wheelL/V of 0.80 occurred at 10 

mph. The maximum axle sum L/V was 1.31 at. 10 mph and lasted for 30 milliseconds. The 

MLC performed within Chapter XI criteria .. , 

Table 11.15 MLC Dynamic Curving Results Counterclockwise Direction 

SPEED 

(mpb) 

10 

.. 12 

16 

18 . 

' ... ,._20,,". 

22 '. 

. . .. 24 

........ ... 26 . 

_".' .,28,. 
' .. ' 

.. . _., .. 30 ~ 

" . 32. 

MINIMUM VERTICAL 

WHEEL LOAD % 

58 

.58 

57 

59 

'.65 c 

. "68 .... 

... 63 .. , 

61. . ... _,' -. 

'" ••••• c •• 37 .. 

. ROLL ANGLE ' 

(Degrees) 

0.5 

1.3 ... " 

1.3. 

1.2 

. 1.3. . 

." .' .,.,'.- .. .1.1. .' '; ...... ' 

,::, .~ .. 1.2 .. J.. __ 

, AXLE 

SUMLfV 

1.31 

r.24 

1.26 

.1.24 

1.23 

t21 

1..19 .. 

1.lQ ..... . 
. ) . 

. ,1,4.. ...._ .... " ...... ~" ~.1J_ J. 

1.13 , . 

1.1 1.12 ' . 

77 

mSEC 

OVER 1.3 

30 

--. ,. ... , ... ' " .. , ~ 

WHEEL 

LfV 

.80 

.75 

.76 

.75 

.74 

.:h .. ," , 

.61 



Table 11.16 is a tabulation of the trailing Triplet car results for the counterclockwise 

direction. Wheel unloading steadily increased with speed until a minimum of 32 percent of 

the static wheel load was reached at 32 mph. Roll angle also increased with speed having a 

maximum peak-to-peak roll angle of 2.6 degrees at 32 mph. The maximum wheel L/V of 

0.75 occurred at 12 mph. The maximum axle sum occurred twice at underbalance speeds 

and once at an Qverbalance speed. The maximum of 1.36 occurred at 18 mph and exce

eded 1.3 for 50 milliseconds. The trailing Triplet car did not exceed Chapter XI criteria. 

SPEED 

(mpb) 

10 

12 

14 

16 

18 

20 

'22 

,24 

26 

.'28 '.' . , , 

30 

32 

Table 11.16 Trailing Triplet Car Dynamic Curving Results 
Counterclockwise Direction 

MINIMUM VERTICAL ROLL ANGLE AXLE mSEC 

WHEEL LOAD % (Degrees) SUML/V OVER 1.3 

65 0.3 1.33 30 

58 -- 1.28 --
61 0.5 1.25 ,--

~.- . 62 " 0.6 ''1.26 --
" 

62 0.6 1.36 50 

59 0.6 -- --
57 0.6 1.23 .. 

, -, ,. 56 0.7 -- 1.18 - --
57 .-- .. 1.2 ·1.26 . .. -

" 
.. - .. 56 

.- , ... 
1.7 ".- . ·1.33 '20 .. 

38 2.1 1.25 --
,,-

32 2.6 1.20 .. 

78 

I 
WHEEL 

I L/V 

.75 

.79 

.71 

.72 

" 

.78 

.73 

.70 

.68 . 

.73 

' .. 75; , 

.75 

.69 



11.7 CONSTANT CURVING ,0 

Table 11.17 is a tabulation of the 7.5-degree curve entry .results for each car. In the 

counterclockwise direction the consist was exiting the 12-degree curve then immediately 

entering the 7.5-degree curve, which is a reverse curve. All cars negotiated the curve entry 

within Chapter XI guidelines. 

Table 11.17' 7.5-DegreeCurve Entry Results •• CW and CCW Direction 

SPEED c:J1 MAXIMUM 

I 
MINIMUM WHEEL 

I 
AXLESU~ 

I (mpb) WHEELL/V WAD % L/V 

I LEADING TRIPLET CAR I 
14 CW .57 60.9 1.06 

24 CW .53 64.9 .80 

32 CW 
I; 

.61 65.5 1.11 

16. CCW .65 67.9 1.15 

24 CCW .76 65.0, 1.24 

32 ' . CCW .70-''' ,. 62.4' , '1.2 

I' i 

MLC. ,I ", : 

14 CW .48 '64.6 --
" " , .. . , , ' •• ,0 ... 

24 CW .42 
, ;, 66.5 .89 

1 

! 
; 

32 CW , : .41 \ 
; 55.4 .81 

" 

.. " ... " -. '. " ',' ,- - " 

68.0 16, , 
CCW 0.57 , .97 '0 , 

"24 ,'. ·CCW····· (.-.- ""'''-. , .. 48'+' . 
-:71.2 

'" 

, .. , ,. , 
.84 " .' 

«-- 32 ;'CCW- ." ,-- .43 .': "'. "'"" --' ' " 63;7,,' , .J. .. ' .17' l 

p, ." 

TRAILING TRIPLET CAR, 1 - . ." . '. ~ , - • < ,- - .. ~, . ~ .... - .. .. .. . 
14 CW .60 56.7 1.00 

" 

24 CW .55 58.5 1.17 

32 CW .49 40.6 .96 

16 CCW .67 60.0 1.14 

24 CCW .62 59.6 i.ll 

32 CCW .60 51.8 1.00 
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Table 11.18 summarizes the 7.S-degree steady state cu~ng results for each car. The 

higher wheel L/V ratios in the counterclockwise direction are probably due to the trucks 

being improperly aligned after exiting the 12-degree curve. All cars negotiated the curve 

within Chapter XI guidelines. 

Table 11.18 7~S·Degree Steady State Results •• CW and CCW Direction 

. SPEED 

. (mph) 

14 

24 

32 

14 

24 

32. 

J4 

24 

i 
~ '," ," 

14 

24 

32 

14 

24 

32 

CW 

eVI 
ew 

ecw 
eew 

CCW .. 

. ew. 
CW 

.. CW 

.. ew 
CW 

eew 
ecw 
eew 

MAXIMUM 

WHEEL· 

LfV 

95% 

WHEEL 

LfV 

MAXIMUM 

AXLE SUM 

LfV 

LE~ING TRIPLET CAR 

.46 .35 .84 

.45 .32. .. 80 

.43 .34 .77 

.69. .57 I 1.17 

.70 .56 1.17 

.66 .55 1.01 

.,MLC 

.48 ... .48 " .91 

.33" .89 .... 
p 

. .3;3 .. ,"~ . .. 90 

.95 

. .50. .31._ ... . .. ,_ .. 9L ' . 

:48' _ . . 33 ': '. . .88 .. 

95% 

AXLE SUM 

LfV 

.70 

... 62 

1.00 

.99 

. .96 

... , .70 . 

_ .64 . 

. .. 71 

.69 ... 

. .. 61 
':1 • 

. TRAILING l'RIPLET CAR-- • - ,'!,..~,' 

.69 .49 1.21 .91 

.64 .SO .. 
1.17 .90 

.69 .49 1.24 .92 

.70 .52 1.23 .. 95 

.68 .50 1.16 .92 

.64 .48 1.10 .88 

80 

···1 



Table 11.19 summarizes the 7.S-degree curve exit test results for each car .. All cars 

negotiated'the curve exit within Chapter XI guidelines. 

SPEED 

(mph) 

I 
14 

24 

32 

16 

24 

32 

Table 11.19 7.S·Degree Cunre Exit Results •• CW and CCW Direction 

DIR 

II 

cw 
cw 
cw 

ccw 
ccw· 

ccw 

WHEEL 

L/V 

MINIMUM 

WHEEL WAD % 

LEADING TRIPLET CAR 

.51 75.3 

.51 73.9 

.49 72.5 

.55 68.8 

.53 58.6 

.58 60.1 

AXLE SUM L/V 

.93 

.90 

.93 

.% 

.93 

.98 
tr======:::!::::;====:::!::::;============ .. = .. =:= .. ,::::!:.=========;t." . 

14 cw 
24 cw 
32 cw 

ttW'. 
.- 24 ccw 

32 • '~~ &~ CCW,. 

14 
" CW~' 

." 

16 . 

24 ccw 
32 ccw 

MLC 

.52 70.7 

.41 69.9 
" ···~=h '58.5 

,---. , 
·~sO'~. ' -.," , 

57.0 

.45 -" 69.6 

:40 
, . . , ",. "56.3 

'. ;; TRAIi..iNGTRiPLET'CAR .. 
-,,> "r 

.. :" .57:: : _. "j' , •• , _ .. 62.3 

""A5~: 

.. ,.~'~:: 

'.66".·= ' ... 

.63 ... 

.60 

45.4 

47.8 

58.3 

81 

.69 
".- ,'" -:,~., ;', - "··;,,,:'.ro ",' . 

. "~. ; ',: ,; ~ ~ ',' -.. ~ -' .:.' ~ .89'"-

• 

.79 
-; ":_.:r:;;: .. ' .'>:1'."", .. 

1.10 

1.02 



Table 11.20 summarizes the 12-degree curve entry test results for each car. All cars 

negotiated the curve entry within Chapter XI guidelines; however, the trailing Triplet Car 

had a wheel load of 12.5 percent at 32 mph when entering the bunched spiral. This is 

within 2.5 percent or 626 pounds of Chapter XI criteria. Clockwise operation will result in 

curve entry on the normal spiral. Counterclockwise operation will result in curve entry on 

the bunched spiral. 

Table 11.20 12-Degree .Curve Entry Results -- CW and CCW Direction 

SPEED 

LJ~ 
PRED MINIMUM PRED I AXLE SUM I (mph) I· L/V WHEEL WHEEL WHEEL . L/V 

L/V WAD % . LOAD % 

I LEADING TRIPLET CAR I 
14 CW .72 .74 71 38 1.20 

~24 CW .69 .72 65 34 1.14 

32 CW .77 .72 54 21 1.19 

16 CCW .67 -- 71 . -- . 1.12 .. 

24 CCW . 59 -- 61 -- 1.12·· 

32 CCW . 6() . -- 51 .... '-",' . -- . ~ ~ - ~ 

.'.,' ·.1.05 '. 

I .. MLC _. - . - _ .. - ._- ., . I .. - " .. - .-
- - - .--

14 CW .67 .62 54 43 1.14 

·24 cw 1 
-- -- ;64 , .47 62 - - ~ . - -~:62 - .. ~. 1;08 . 

! 32 CW .63 1: .43 49 61 1.08: 

16. 'CCW .- .. 
.66; 62 .1.15 i 

I 
.- -- --_. -_. 

. 58; 
. ~-

~ . .. - .. - i . 

24 CCW -- 55 -- 1.08: ~ 

32 CCW .53 -- 44 -- .94 

TRAILING TRIPLET CAR 

14 CW .65 .73 69 38 1.17 

24 CW .58 .73 64 35 1.10 

32 CW' .67 .72 56 21 1.15 

16 CCW .67 -- 34 -- 1.15 

24 CCW .66 -- 21 -- 1.13 .-

32 CCW .63 -- 13 -- 1.11 
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Figure 11.3 shows a comparison of wheel L/Vversus the TDM predicted wheel L/V 

and a comparison of minimum percent vertical wheel load versus predicted minimum per

cent vertical wheel load for the 12-degree curve entry. 
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Figure 11.3 12-Degree Curve Entry Results Versus Predicted Wheel L/V and 
Predicted Minimum Percent Vertical Wheel Load 
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Table 11.21 summarizes the 12-degree curve steady state test results for each car. ' 

The trailing Triplet Car had an axle sum of 1.36 in the counterclockwise direction which 

exceeded 1.3 for 50 milliseconds. The trailing Triplet car maximum axle sum L/V 95 per

centile value of 1.13 at 14 mph was well below the Chapter XI criteria of 1.3. The MLC 

also had a maximum axle sum 95 percentile value of 1.13. All three cars had 95 percentile 

values well within Chapter XI limits .. 

Table 11.21 12-Degree Steady State Results -- CW and CCW Direction 

SPEED DlR, MAXIMUM 95% PRED AXLE SUM LfV PRED 
(mph) WHEEL WHEEL WHEEL SUM 

LfV LfV LfV I PEAK I mSEC 95% LfV 
OVER 1.3 

LEADING TRIPLET CAR 

14 CW .67 .58 .52 1.13 -- 1.04 1.03 

24 CW .67 .58 .48 1.14 -- 1.03 .96 

32 CW .66 .57 .47 1.16 -- 1.04 .92 

14 CCW .70 .56 -- 1.23 -- 1.03 --
24 CCW .68 .55 -- 1.18 -- 1.02 --
32 CCW .65 .52 -- 1.11 -- .93 --

I MLC 

14 CW .65 .57 .54 1.11 -- 1.06 .96 

24 CW .55 .46 .42 1.02 -- .91 .84 

32 CW .54 .49 .42 . .99 -- .93 .78 

14 CCW .76 .64 -- 1.29 -- 1.13 --
24 . CCW .73 .58 -- 1.25 -- 1.06 --
32 CCW .59 .50 -- 1.11 -- .95 --

I TRAILING TRIPLET CAR 

14 CW .59 .50 .52 1.11 -- .98 1.01 

24 CW .54 -,49 .48 1.05 -- .92 .96 

32 CW .57 .50 .47 1.06 -- .97 .92 

14 CCW .80 .64 -- 1.36 50 1.13 --
24 CCW .78 .61 -- 1.31 25 1.09 --
32 CCW· .79 .59 -- 1.32 25 1.07 --
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Figure 11.4 shows a comparison of the wheel L/V versus the TOM predicted wheel 

LjV and a comparison of axle sum LjV versus predicted axle sum L/V for the 12-degree 

steady state curve. 
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Figure 11.4 12-Degree Curve Stesdy State Results Versus 
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Table 1L22 summarizes the 12-degree curve exit results for each car. The leading 

Triplet Car and ·MLC negotiated the curve exit within Chapter XI criteria in both the 

clockwise and counterclockwise directions. The trailing Triplet Car, however, exceeded 

Chapter XI criteria at underbalance, balance" and overbalance speeds when exiting the 

bunched spiral (clockwise operation). 

Table 11.22 12-Degree Curve Exit Results 

SPEED DIR 

I 

WHEELLfV I PRED MINIMUM PRED AXLE 
(mpb) WHEEL WHEEL MINIMUM SUMLfV 

LfV WAD % WHEEL 

I PEAK I mSEC WAD % PEAK lf3E11 
OVER 0.8 fUn;'D 1.3 

LEADING TRIPLET CAR 

14 CW .62 -- 1.08 72 36 1.17 --
24 CW .63 -- 1.00 62 28 1.14 --
32 CW .64 -- 1.19 64 34 1.13 --
16 CCW .67 -- -- 64 -- 1.12 --
24 CCW \.60 -- -- 55 -- 1.17 --
32 CCW .66 -- -- 44 -- .93 --

, 
MLC. 

14 CW .70 -- .44 46 62 1.16 --
24 CW .55 -- .42 61 41 1.01 --
32 CW .54 -- .56 53 41 1.02 --
16 CCW· .73 -- -- 62 -- 1.27 --
24 CCW .69 -- -- 63 -- 1.23 --
32 . CCW .57 -- -- 44 -- 1.05 --

TRAILING TRIPLET CAR~' 

14 CW 1.27 2050 1.06 38 33 1.68 600 

24 CW 1.12 225 .98 51 27 1.53 200 

32 CW .% 200 1.17 52 33 1.40 100 

16 CCW .79 -- -- 62 -- 1.28 --
24 CCW .77 -- -- 65 -- 1.25 --
32 CCW .74 -- -- 54 -- 1.22 --
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Chapter XI states that no wheel L/V shall 'exceed 0.8 for greater than 50 millisec

onds. The trailing Triplet Car exceeded multiple times with durations between 0.2 and 2.05 

seconds. The trailing car also yielded an axle sum L/V of 1.68 with a'duration of 600 

milliseconds over 1.6; however, Chapter Xl does not specify an axle sum limit for curve 

entry and exit. All cars performed within Chapter XI criteria in the counterclockwise'direc

tion, which is exiting a normal spiral. 

Figure 11.5 is a time history plot of the trailing Triplet Car wheel L/V ratio during 

the 14 mph clockwise run. 
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Any wheel L/V over 0.8 with a duration greater than 50 milliseconds is cause for con

cern. Wheel 6R had a maximum wheel L/V of 1.27 which lasted for over 2 seconds. An 

L/V of that magnitude and duration is considered severe. Testing was continued to further 

characterize the consist and to help validate the TDM. 

Figure 11.6 is a time history plot of the trailing Triplet Car axle sum L/V during the 

14 mph clockwise curve exit run. 
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Figure 11.6 Time History Plot of the Trailing Triplet Car Axle Sum L/V 

Axle 6 on the trailing car had repeated L/V ratios over 1.3 with some lasting up to 

600 milliseconds. 
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Figure 11.7 shows a comparison of wheel L/V versus the TOM predicted wheel L/V 

and a comparison of minimum vertical wheel load versus predicted minimum vertical 

wheel load in percent for the 12-degree curve exit. 
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Figure 11.7 12-Degree Curve Exit Results Versus Predicted Wheel L/V and 
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12.0 CONCLUSIONS 

The following is a summary of service worthiness and Phases I and II test results. 

12.1 SERVICE WORTHINESS/CURVE STABILITY , , 

The Triplet Cars, which are all span bolster cars, were coupled together and exposed 

to buff and draft loads of 250,000 and 200,000 pounds, respectively, and exhibited no wheel 

lift or suspension separation during the Curve Stability Test. 

12.2 PHASE I 

For the purpose of validating the TDM, Chapter XI limiting criteria were used as a 

guideline. In order to better validate the TDM, testing was continued even after Chapter 

XI criteria had been exceeded during some tests. 

1. Hunting: 

The leading Triplet Car performed within the Chapter XI criteria. The middle 

and trailing Triplet Cars exceeded Chapter XI lateral acceleration criteria with a 

1.54 g and a 1.52 g peak-to-peak lateral acceleration, respectively. Chapter XI 

criteria states that no occurrence of greater than 1.5 g peak-to-peak is permitted. 

There were instances of sustained hunting for 8-14 seconds at g levels lower than 

the Chapter XI criteria of 1.0 g peak-to-peak. 

2. Pitch and Bounce: 

All three cars performed within Chapter XI limits. 
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3. Twist and Roll: 

All three cars performed within Chapter XI limits. 

4. Yaw and Sway: 

All three cars performed within Chapter XI limits. 

5. Turnout and Crossover: 

All three cars performed within guidelines for crossovers. An axle sum L/V of 

1.32 lasting for 20 milliseconds was recorded at 10 mph during turnout testing. 

6. Dynamic Curving: 

During the Dynamic Curving Test, the leading and trailing Triplet Cars exceeded 

Chapter XI criteria in the counterclockwise direction, and the middle Triplet Car 

exceeded criteria in the clockwise direction. 

7. Constant Curving 7.S-Degree: 

All cars negotiated the 7.S-degree curve within Chapter XI limits. 

8. 7.S-Degree Curve Entry and Exit: 

All cars negotiated the 7.S-degree curve entry and exit within Chapter XI limits. 

9. Constant Curving 12-Degree: 

All cars negotiated the 12-degree steady state curve within Chapter XI limits. 
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10. 12.Degree Curve Entry and Exit: 

The leading Triplet Car exceeded Chapter XI limits in the 12-degree clockwise 

curve entry, which is a normal spiral, and the trailing Triplet Car exceeded dur

ing the 12-degree exit spiral (bunched spiral). 
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12.3 PHASE II 

1. Hunting: 

All cars performed within the Chapter XI criteria. There were instances of sus

tained hunting for 4-8 seconds at g levels lower than the Chapter XI criteria of 

1.0 g peak~to-peak. Phase II hunting test runs were limited to 60 mph at 

direction of the Air Force. 

2. Pitch and.Bounce: 

All three cars performed within Chapter XI limits. 

3. Twist and Roll: 

All three cars performed within Chapter XI limits. 

4. Yaw and Sway: 

All three cars performed within Chapter XI limits. 

S. Turnout and Crossover: 

All three cars performed within guidelines for crossovers. An axle sum L/V of 

1.35 lasting for 40 milliseconds was recorded at 10 mph during turnout testing. 

6. Dynamic Curving: 

All cars performed within Chapter XI limits in both the clockwise and counter

clockwise directions. 
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7. . .Constant Curving 7.S.Degree: '.' , 

All cars negotiated the 7.5-degree curve within Chapter XI limits. 

8. 7.S·Degree Curve Entry and Exit: 

All cars negotiated the 7.5-degree curve entry and exit within Chapter XI limits. 

9. Constant Curving 12.Degree: 

All cars negotiated the 12-degree curve within Chapter XI limits. 

10. Constant Curving 12.Degree: 

All cars negotiated the 12-degree curve entry within Chapter XI limits. During 

curve exit, the trailing Triplet Car exceeded Chapter XI wheel and axle stirn L/V 

criteria of 0.8 and 1.3 at underbalance, balance, and overbalance speeds. A max

imum wheel L/V of 1.27 lasting for over two seconds, and a maximum axle sum 
'. , , 

L/V of 1.68 iasting for 600 milliseconds were recorded during the 14mph run. 

Chapter XI states that values better thanlhe criteria outlined are regarded as indicat

ing the likelihood of safe car performance. Twist and roll, pitch and bounce, and yaw and 

sway contain perturbations of 39-foot wavelengths. A car with 39- or 58-foot truck spacing 

would be most sensitive to such perturbations. The distance from the A-end span bolster 

center pin to the B-end spap. bolster center pin was 60 feet for the leading and trailing Trip

let cars, and 55 feet for the middle Triplet Car. The 39-foot wavelength perturbation had 

little affect on any of the Triplet Cars. A wavelength of 39 feet was chosen to be most 

typical of excitation expected from commerci,!.1 track. Perturbations of other wavelengths 

are possible, but less likely. Multiples of 55 or 60 feet will provide more input to the cars 

than the Chapter; Xl39-foot wavelength. 
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In conclusion, the results that exceeded Chapter XI criteria observed during the cou

pled span bolster car tests are consistent with those observed in single car PKRG span bol

ster tests. Therefore, coupled operation with this short train did not result in noticeably 

degraded performance. 
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13.0 RECOMMENDATIONS 

Proceed with 7.3.1 A testing. After completion of hunting, pitch and bounce, twist 

and roll, and yaw and sway, a comparison of the results should be made to the triplet test 

results. If 7.3.1 A results are significantly worse, special considerations should be made 

prior to curve testing. Among the considerations should be speed restrictions, added 

instrumentation, a test on a less severe curve, or possibly a design change to the car(s) that 

are not performing within Chapter XI limits. 
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APPENDIX A 

. SERVICE WORTHINESS TEST PROCEDURE 

I • 

97 



PEACEKEEPER RAIL GARRISON 
PROCEDURE PKRG-600()~TC 

SERVICE WORTHINESS TEST 
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1.0 DESCRIPTION 

PEACEKEEPER RAIL GARRISON 
PROCEDURE PKRG-6000-TC 
SERVICE WORTHINESS TEST 

This procedure outlines the sequence of steps to conduct Service Worthiness Tests on 
the Peacekeeper Rail Garrison Triplet Cars (TC). The Service Worthiness Test con
sists of the Curve Stability Test and praft Gear Characterization. . 

1.1 INDEX 

1.0 
1.1 
1.2 
1.3 
1.4 

1.5 
1.6 
2.0 

2.1 
2.2 

2.3 
3.0 

3.1 
3.2 

3.3 

4.0 

Description 

Index 

Equipment List 

Figure List 

Table List 

Reference List 

Attachments 

Curve Stability 

Test Setup 

Instrumentation Installation, Calibration and Operation 

Curve Stability Testing 

Draft Gear Characterization 

-Test Setup 

Instrumentation Installation, Calibration and Operation 

Draft Gear Characterization Testing 

Quality Verification 

1.2 EQUIPMENT LIST 

a. 1 ea Generator, Portable Model 30KW 

b. 1 ea . Instrumented Coupler (1,000,000) 

c. 1 ea Strain Guage, Daytronic 3270 

d. 1 ea X-Y Recorder 

e. 4 st Wheel Chocks 

f. 1 ea 100-ton Hopper Car (modified) 

PROCEDUREPKRG~TC 1 



g. 1 ea Coupler Adapter (Squeeze Fixture) 

h. 1 ea Hewlett-Packard (HP)300 Series Data Acquisition ,Sy~tem 

1. 20 2702 Instrum Signal Conditioner 

J. 1 ea Western Graphic Strip Chart or Equivalent 

k. 2 ea Feeler Gauges 

1. 3 ea String Pot, + /- lO-inch Range . . 

1.3 FIGURE LIST 

2-1 Curve Stability Test Facility 

2-1 Draft Gear Characterization Test Facility 

1.4 TABLE LIST 

None 

1.5 REFERENCE LIST 

None 

1.6 ATTACHMENTS 

1 Test Measurement List 

2 Instrum 2702 Signal Conditioner Setup Procedure 

~,. PROCEDUREPKRG~TC 
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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 CURVE STABILITY TEST 

2.1 Test Setup 

NOTE 
The test cars will be in the loaded condition for the following test. 

TASK . 
NUMBER PROCEDURE . 

2.1.1 Place the test cars in a consist as illustrated in Figure 2-1. 

QA 
INITIAL 

Extra Hoppers and 
Locomotive tor Reslraint 

100 Ton Hoppers ~rs 
With Hydnulio Aol~l \ 

~ FTCoe ,RIP= CARS 3' Fool Coe \() 

/,~~v~ 
Extra Hoppers and 
Locomotive tor Restraint I 

Instrumented Coupler 

Figure 2-1 Curve Stability Test Facility 

2.1.2 The consist will be placed on the South Wye'of the Urban Rail Building 
(URB) access track. ' 

2.1.3 Quality verify proper set up for the Curve Stability Test. 
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2.2 Instrumentation Installation, Calibration and Operation 

TASK 
NUMBER PROCEDURE 

QA 
INITIAL 

2.2.1 Refer to the Test Measurement List (Attachment 1) for instrumentation 
installation location. 

2.2.2 Refer to Procedure PKRG-3100 for completing the Test Configuration 
Data Sheet. 

2.2.3 Instrumented Coupler Setup: 

2.2.3.1 Monitor ~he si~nal conditioner excitation to the transducer for a mini-
mum of fIve IDlnutes. . 

2.2.3.2 Verify that the 3270 indicator switch, located on the rear panel, is set to 
20,000. 

2.2.3.3 Verify that the display switches 1 through 5 are closed; 

i2.3.4·· Verify that the display switch 6 is open. 

2.2.3.5 Adjust th~ course and then the fine balance potentjometers for 0.00 on 
the display indicator. 

2.2.3.6 Calculate shuntc~libra~ion reading using the following for-
mula:' .. 

X= 2500R b • :".,-

K(Rc+Rb) 

x = Indicator Reading 
Rb = Bridge Resistance (t)rpica1350 ohm) 
K = MV IV Sensitivity 
Rc = Shunt Cal Resistor Value (29.88 K typical) 

Typical X (96.5 % or ~93 K) 

PROCEDUREPKRG~TC 

:102 
4 



2.2.3.7 Adjust the course and then the fine span to the value 'calculated in Step 
2.2.3.6. 

2.2.3.8 Repeat Steps 2.2.3.5 and 2.2.3.6 as necessary. 

2.2.4 Strip chart setup 

2.2.4.1 Balance tranceducer while zero load on coupler. 

2.2.4.2 Set chart speed to 50mm/min 

2.2.4.3 Patch instrumented coupler into strip chart. 

2.2.4.4 Quality verify instrumentation installation and calibration is complet~. 

2.3 Curve Stability Testing 

TASK 
NUMBER PROCEDURE 

2.3.1 Preload to maximum attainable and set chocks. 

2.3.2 Start strip chart. 

2.3.2.1 With the test consist positioned at the Curve Stability Test site as , 

QA 
INITIAL 

outlined' in Section 2.1 and the instrumentation operating as outlined in 
Section 2.2, be~in applying a buff load (compressIve) using the actuators 
illustrated in FIgure 2-1. / 

2.3.3 Using strain gage conditioner/indicator, read 'force values. 

PROCEDUREPKRG~TC 
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2.3.4 Continue applying the buff load until a maximum load of 100,000 pounds 
is applied. 

2.3.5 The test car will be held in place for a 20 second sustained duration 
while under the maximum load (+5000 - 0 pounds). 

2.3.6 The test car will be monitored for the following conditions: wheel lift, 
. any separation of the trucks and car body. 

( 

2.3.7 Check wheel lift with feeler gauges. Wheel lift should not exceed 1/8 
inches when measured 2 5/8 inches from the wheel rim face at the Inside 
rail of curve for buff and outside rail for draft. 

2.3.8 Repeat Steps 2.3.2 through 2.3.4.1 applying buff load to 250,000pounds. 

2.3.9 Repeat Steps 2.3.1 through 2.3.4.2 using draft (tensile) loads; but only 
apply load to 200,000 pounds. . 

2.3.10 Quality verify that the Curve Stability Test is complete. 

3.0 DRAFf GEAR CHARACTERIZATION 

3.1 Test Setup 

TASK 
NUMBER PROCEDURE 

3.1.1 Place the cars in a consist as illustrated in Figure 3-1 

PROCEDURE PKRG-6000-TC 
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HOPPER CARS AND 
LOCOMOTIVES FOR 
RESTRAINT 

TRIPLET CARS ACTUATOR 

Figure 3·1 Draft Gear Characterization Test Facility 

3.1.2 The consist will be placed on the north end of the Perturbed Test Track. 

3.1.3 Quality verify proper setup for the Draft Gear Characterization Test. 

3.2 Instrumentation Installation, Calibration and Operation 

TASK 
NUMBER PROCEDURE 

3.2.1 Perform Steps2.2.1 through 2.2.4.8. 

3.2.2 Install string pots so as to measure the lateral deflection of the coupler 
and the longitudinal deflection of each adjacent triplet car. 

3.2.3 Quality verify instrumentation installation and calibration is complete. 

3.3 Draft Gear Characterization Testing 

PROCEDUREPKRG~~TC 
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TASK 
NUMBER 

3.3.1 

3.3.2 

PROCEDURE 

With test car positioned as outlined in Section 3.1 and the instrumenta
tion operating as outlined in Section 3.2, physically measure coupler 
distance from striker and record below. 

Begin applying a buff (compressive) load. 

. , 

QA 
INITIAL 

3.3.3 Hold buff load at 300,000 pounds, at which time, begin applying a lateral 
load to the coupler until a maximum load of 15,000 pounds IS reached. 

.3.3.4 

3.35 

3.3.6 

3.3.7 

3.3.8 

3.3.9 

During laterai force. application, start data aquisition system, be sure 
record time is long enough to record forces up to 15,000 pounds. 

Release lateral and longitudinal forces. 
-/"' 

Rebunch train to original buff load. 

Physically measure coupler distance from side of striker and record. 
\ 

Repeat Steps 3.3.1 through 3.3.7 for a compressive load of 50,000, 
100,000, and 200,000 pounds. 

Quality verify that the Draft Gear Characterization Test is complete. 

4.0 QUALITY VERIFICATION 

TASK 
NUMBER PROCEDURE 

4.1 Quality verify thatPKRG 6000-TC is complete and closed. 

4.2 Authorized QA signature -----------------------------

PROCEDUREPKRG~~TC 

QA 
INITIAL 

g 



IMEASI CODE 

LCFI 

SPl 

SP2 

SP3 

SP4 

ATIACHMENT 1 

TRIPLET CAR . 
CHAPTER XI SERVICE WORTHINESS 

TEST MEASUREMENT LIST 

DESCRIPTION I TRANS 

[~I AND TYPE 
LOCATION 

Longitudinal Coupler Force Load Cell +/-KIPS 

Lateral Coupler Disp.(l) String Pot +/-KIPS 

Lateral Coupler Disp.(2) String Pot· +/-KIPS 

Longitudinal Coupler Disp.(l) . String Pot +/-KIPS 

Longitudinal Coupler Disp.(2) String Pot +/-KIPS 

, ' 

PROCEDUREPKRG~TC 
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TEST 

, 

Curve Stability 

Characterization 

Characterization 

Characterization 

Characterization 

• , . 
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ATIACHMENT 2 

, AAR/TIC INSTRUMENTATION 
STANDARD OPERATING PROCEDURE NO. 024 (SEPT.,1990) 

: ' 
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AAR/TTC INSTRUMENTATION 
STANDARD OPERATING PROCEDURE NO. 024 (SEPT.,1990) 

1.0 TITLE: Accelerometer selection and installation 
guidelines. ".' 

2.0 CANCELLATION: N/A 

3.0 EXPERIMENT REFERENCE: N/A 

4.0 SAFETY!!! TTC RULE BOOK. 

S.O DEFINITION/TERMINOLOGY: TTC Instrumentation will use the 
USA units of measuremeni for Dynamic Measurements and the 
most common symbols for the commonly excepted statistical 
values as listed below with other common abbreviations: 

PARAMETER SYMBOL VALUE DEFINITION 

ACCELERATION A O-TO-PEAK A=O.OSllf D 
IIgll UNITS 

DISPLACEMENT D PEAK-TO-PEAK INCHES 
DOUBLE AMPLITUDE 

VELOCITY V O-TO-PEAK INCHES/SECOND 

PIEZOELECTRIC PE PYROELECTRICITY 
CRYSTAL TRANSDUGER 

PIEZORESISTIVE" PR SOLID STATE STRAIN 
TRANSDUCER 

6.0 REFERENCES: .The following documents should be referred 
to for further details. Manufactur~s data sheets for 
selected transducers (available in Instrumentation 
Library) and Endevco Measurement Technology Handbook PIN 
2900S. 

7.0 SCOPE; This pro6edure was written to help standardize the 
way acceleration data is obtained at the TTC. It is to be 
used, as a guide for measurement taken at near ambient 
temperatures and for vibration frequency under one (1) 
KiloHertz. All special requirements will be referred to 
the Instrumentation Engineering Staff. 

8.0 TRANSDUCER SELECTION: The required accuracy, frequency and 
IIgll range should be specified by the test plan. This 
information, while required, is not sufficient to select 
the transducer. We must also have knowledge of the 
physical environment the transducer will operate ini While 
most of our railroad requirements are limited to DC to 30 
Hz data, truck mounted transducers must be able to survive 
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,high g. shock inputs ~ For this reason we do not mount Servo 
accelerometers direcEly on trucks as it will damage the 
internal suspension of the'force coil~ The truck 
e~vironment.therefore requires we use 2 to 25 G 

. Pieloresistive oi~apacitance type acceleromete~s. The 
table shown below list the features of several common 
accelerometers used at the TTC. After reviewing availabie 
transducer, the transducer user should review 
manufatturer'sdata and TTC error'~nalysis f6r each type 

. cons idered . . 

MODEL/MFG TYPE 
TYPICAL 
RESPONSE 

USEFUL TEMP 
RANGE ( F) NOTES 

2262 Endevco PR· DC-650Hz 25 .,.. 150 Stud Mount 

7290 Endevco . Capacitance DC-600Hz -45 - 160 Cap Screw 
Mount 

SA~101HP Columbia Servo DC-60Hz -45 - 200 Bearing 
suspension 

141A Serta .Capacitance DC-200Hz -10 - 150 Screw Mount 

303T Kisler Servo DC-600 25 - 150 Obsolete 
but rugged 

303A02 PCZ Quartz ·.7 - 20Hz -40 - 200 Requires 

LSB 

ChargeArnp 

Schaevitz Servo DC-60Hz· 25 - 150 Bearing 
Suspension 

A. High acceleration shock pulses should use "PE" 
't:ra,nsducers with selected bandwidth signal conditioners 
see Endveco Handbook PIN 29005 section III page 15. 

B. Low level, high linearity, low frequency 
measurements. Servo accelerometers should be used if 

, no high frequency. or shock type inputs will exist (Do 
Not Use Directly~Mounted To Truck/Bogie Hardware). 
If truck mounted data required use "PR" or capacitance 
type sensors. 

SOP NO. 024 
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C. Low frequency, low level measurements such as car body 
motion use either Servo or High Sensitivity "'PR" or 
capacitance sensors. 

D. Long duration shock pulses should be performed with "PR" 
accelerometers due to good DC stability and good 
frequency response. 

E. Seismic or static (DC) acceleration should only be done 
with Servo accelerometers due to superior DC stability. 

F. Measurement on light or sheet. metal structures should 
be done with low mass "PR" accelerometers. 

G. Use of velocity and Displacement output sensors is not 
recommended. If velocity or displacement is required 
acceleration will be integrated or doubled-
integrated .. 

H. For high temperature or'high frequency (above 5,000 
Hertz) measurements consult instrumentation 
engineering. 

9.0 CALIBRATION: Verify valid hardware calibration and enter 
data on acquisition form. 

10.0 INSTALLATION GUIDELINE: 

A. Surface of accelerometer and test specimen must be 
flat, clean and smooth. 

B. Use recommended mounting torque +/- 10% at all times. 
The TTC has the proper wrenches and sockets for all 
its transducers. 10-32 stud = 18 in Ib, 6-32 = 
10 in lb and 4-40 = 8 in lb. 

C. Use machinist squares and/or .levels to verify proper 
sensitive axis alignment. X axis is longitudinal with 
plus looking through car from B end. Plus lateral (Y 
axis} is right to left looking from B to A end. Z 
axis is going up from rail head. 

D. When not using mounting block select accelerometer with 
low base strain sensitivity. 
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E. If installation could be sensitive to electrical noise 
pickup use isolated mounts with transducer case 
grounded and.single ended signal conditioner. 

F. Protect accelerometer from any externil heat source. 
If elevated temperature Qperation is required a 
elevated temperature calibration should be performed. 

G. Protect "PE" accelerometer installation from 
Triboelectric noise by use of noise treated cables 
in area of vibration and restraining then as close to 
transducer as possible. 

H. Use dental cement for short term mounting block or 
cementing stud installation on irregular surfaces:· 
Use epoxy cements such as Epon 828 or Epibond 1210 
for long term installations. Never apply cement 
directly to any accelerometer base with threaded 
mounting provisions. 

I. Accelerometer input cables should never be stepped 
on, kinked, knotted, removed or installed in such 
a manner as to bend connector pins. They must be 
securely tightened and a drip loop provided at the 
transducer.· . 

J. If transducer is not specified by test plan or TTC SOP 
perform an error analysis per TTC SOP 023 to prove 
selected transducer will provide desired data accuracy. 

K. Perform an end to end system check such as a roll 
calibration on "PR" or Servo accelerometers or tap 
test on "PE" transducers. 

L. Document installation with sketches and/or photo's. 
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Association of American Railroads 
Mechanical Division 

Manual of Standards and Recommended Practices 

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 roil, pitch and bounce, yaw and sway and 
longitudinal train action. ' 

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

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

11.2. STATIC AND IMPACT TEST REQUIREMENTS 

Application for approval of new and untried types of cars, along with supporting data 
specified in paragraph 1.2.3, shall be submitted to the Director-Technical Committees 
Freight Car Construction prior to initiation of official AAR testing. A proposed testing 
schedule and testing procedures will be submitted sufficiently in advance of tests to 
permit review and approval of the proposal and assignment of personnel to witness tests 
as 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. 

4r1190 

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

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

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

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

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

1 Preceding page blank C-II-397 
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The cars, other than the test car. shall be of seventy ton nominal capacity, loaded to 
the allowable gross weight on rails prescribed in 2.1.5.17. A high density granular' 
material should be used to load cars to provide a low center of gravity, and the load 
should be well braced to prevent shifting. Such cars shall be equipped with draft gears' 
meeting the requirements of AAR Specification M-901, except at the struck end where 
M-901E rubbe~ friction gear shall, be used. 

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

11.2.2. INSTRUMENTATION 

The coupler for,ceshall 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, exceptthc;>se 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-jackknifing 
properties. 

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

P---"7 
., ... 

.... r-... __ -
I"------'\, ~P 

END COOL 
ROTATION FREE 
TRANSLATION FIXED 

Figure 11.2.3.1 

11.2.3.2. COUPLER VERTICAL LOADS 

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

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

C-U-398 
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For all cars, a load of 50.000 pounds shall he applied in both directions to the coupler 
head as near to the pullin¢ face as practicable and held for sixty seconds. 

11.2.3.3. CURVE STABILITY 

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

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

For the purpose of this test, wheel lift is defined as a separation of wheel and rail 
exceeding IAt when measured 2ry,," 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 a curve of not less than 10 
d,egrees. The curve is to have I/~" maximum superelevation. The test car is to be coupled 
to a "base car" as defined in paragraph 2.1.6.1. or a like car which ever is most severe and 
a "long car" having 90' over strikers, 66' truck centers, 60" couplers and conventional 
draft gear. 

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

11.2.3.4. RETARDER AND "HOT BOX" DETECTION 

Cars with otherthan 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 
detectio!1 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 through 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 ali cars except those exempted by other specification 
requirements. 

11.2.-1.1. SINGLE CAR IMPACT 

61\;88 

The loaded car shall be impacted into a. string of standing cars consisting of three 
nominal 70-ton capacity cars, loaded to maximum gross weight on rails as described in 
paragraph 2.1.5.17. with sand or other granular material, equipped with M-~)() 1 E rubber
friction draft gear at the struck end and with the hand brake on the last car on the 
non-struck end of the string tightly set. Free slack between cars is to be removed; 
however, draft gears are not to be compressed. No restraint other than handbrake on the 
last car is to be used. 
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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 stai·ting at six miles per hour until a coupler force of 1.250.000 
pounds or a speed of fourteen miles per hour has been reached. whichever occurs first. 

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

11.2 ... 1.2. 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 
car may be the lead car in either group. All cars except the test car shall be as prescribed 
in 11.2.1.2. The brakes shall be set on all standing cars after ~ll 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 tars, coupled together. shall be adjusted, if 
necessary, to restore the original conditions., 

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

11.3.1. METHODOLOGY 

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

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

n.:t2. 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 (LN) ratios. dynamic displacements, and 
accelerations of the masses. These criteria are based on considerations of the processes of 
wheel climb, rail and track shift. wheel lift, coupler' and component separation and 
structural integrity. 

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

:1L18 
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Table 11.1 Criteria for Assessing the Requirements 

for Field Service 

Regime Section Criterion 

Hunting (empty) 11.5.2 minimum critical speed 
(mph) 
maximum lateral 
acceleration (g) 
.maximum sum LIV axle 

Constant curving (empty and loaded) 11.5.3 95th percentile 
maximum wheel LN 
or 
95th percentile 
maximum sum LN axle 

Spiral (empty and loaded) 11.5.4 minimum vertical 
load(%) 
maximum wheel LN 

Twist, Roll (empty and loaded) 11.6.2 maximum roll (deg)*"'* 
maximum sum LN axle 
minimum vertical 
load (%) 

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

Yaw, Sway (loaded) 11.6.4 maximum LN truck 
side 
maximum sum LIV axle 

Dynamic curving (loaded) 11.6.5 maximum wheel LN 
or 
maximum sum LIV axle 
maximum roll (deg) .. 
minimum vertical 
load (%) 

Vertical curve 11.7.2 to be added···* 

Horizontal curve 11. 7.3 to be added':'*'"':' 

Limiting Value 

70 

1.0 
1.3· 

O.S 

1.3 

10 •• 
O.S· 

6 
1.3 

10 •• 

10 •• 

0.6* 
1.3· 

O.S· 

1.3· 
6 

10 •• 

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 t!1e introduction to section 11.7.1 

:119 
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11.4. GLOSSARY OF TERMS 

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

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

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

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

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

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

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

Body r:oll is the rotation ~bout a longitudinal axis through the mass center. 

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

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

Unbalance is used in this chapter to mean the additional height 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: 

where, 

Unbalance U = y2D - H 
1480 

D is the degree of the curve. 
y 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 ~ontact 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 1 b 
rail, under conditions of tight gage, is between 0.1 and 0.3. 

:120 
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Three ratios of lateral (L) to vertical (V) forces are used as criteria in the assessment 
of car performance. These are: 

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

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

Sum LN axle = I LN (left whl) I + I LN (ri.ght whO I 
It is used to assess the proximity of the wheel to climbing the rail and is more 
appropriate where the angle of attack of the flanging wheel to the rail does not 
result in full slippage at the area of contact. 

(3) The truck side L/V, (or LIV truck side). This is defined as the total sum of the lateral 
forces between the wheels and rails on one sideof a-truck divided by the total sum of 
the vertical forces on the same wheels of the truck, as given in the following 
algebraic expression. 

Truck side LN = :lL <truck side) 
:lV (truck side) 

It is used to indicate the proximity to moving the rail laterally. 

11.5. SINGLE CAR ON UNPERTURBED TRACK 

11.5.1. GENERAL 

The regimes described in this section are chosen .to test the track-worthiness of the 
car running on premium track. They are required to establish the safety of the car from 
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 
track. 

The parameters used in the analysis shall be confirmed in characterization tests 
described in Appendix A. The results of the following analyses and tests shall be included 
for the consideration of approval by the Car Construction Committee. 

11.5.2. 'LATERAL STABILITY ON TANGENT TRACK <HUNTING) 

This requirement is designed to ensure the absence of hunting, which can result 
from the transfer of energy from forward motion into a sustained' lateral oscillation of 
the axle between the wheel flanges, in certain car and suspension designs. The analyses 
and tests are required to show that the resulting forces between the wheel and rail 
remain within the bounds necessary to provide an adequate margin of safety from any 
tendency to derail. 

11.5.2.1. PREDICTIONS AND ANALYSES 

6 I BB 

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 
tangent and on 112 and 1 degree curves. 
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The analytic requirement is that no hunting be predicted for the empty car below 70 
miles per hour assuming a coefficient of friction of 0.5 and an effective conicity of 0.15. for 
the modified Heumann wheel profile given in Figure 8.1 of Chapter VIII, on new AREA 
136 lb. rail, for axlelateral displacements up to +/- 0.2 in. on track with standard gauge. 

11.5.2.2. TEST PROCEDURE AND CONDITIONS 

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 per hour on tangent class 5 or better 
track, with dry rail. . 

All axI.es 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; or an equivalent which, with the Heumann 
wheel specified, gives an effective conicity of at least 0.15 for lateral axle displacements 
of +/- 0.2 inch from the track center. The track gage may be adjusted in order to 
achieve this minimum effective conicity. If hunting is predicted for curved track in 
section 11.5.2.1, a special hunting test in shallow curves may be requested. 

11.5.2.3. INSTRUMENTATION AND CRITERIA 

The leading axle of both trucks on an end unit or car, or each axle on an end unit or 
car with single-axle trucks, shall be equipped with instrumented wheelsets, and each 
truck location on the end unit or car shall be equipped with a lateral accelerometer on 
the deck above the center of the truck. 

Sustained truck hunting shall be defined as a sustained lateral acceleration greater 
than 1 g peak-to-peak for at least 20 consecutive seconds. No occurrences of greater than 
1.5 g peak-to-peak are permitted within the same time period. The instantaneous sum of 
the absolute values of the LN 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 fi,ltered out. 

The car shall not experience sustained truck hunting during the test. A record of 
maximum lateral acceleration and the wheel LN's on the same axle, against speed, at 
the worst location, shall be submitted as required test data. 

11.5.3. OPERATION IN CONSTANT CURVES 

This requirement is designed to ensure the satisfactory negotiation of track curves. 
The analyses and tests are required to show that the resulting forces between the wheel 
and rail are safe from any tendency to derail and to confirm other predictions of the car 
behavior relating to the guidance of the car and absence of interferences. 

11.5.3.1. PREDICTIONS AND ANALYSES 

An analysis shall be made of the wheel forces and axle later'al displacements and yaw 
angles on a single car, empty and fully loaded, using" a validated mathematical model. 
The model shall include a fundamental representation of the rolling contact forces using" 
the geometry of the profiles of the wheel and rail, and car parameters from the 
measurements described in Appendix A. 

Either the individual wheel LN shall be less than o.g on all wheels -mea~ured, or the. 
instantaneous sum of the absolute wheel LNs on any axle shall be less than l.:l. for any 
curve up to 15 degrees. The range of unbalance assumed shall be -:l inches to +:l inches, 
with a coefficient of friction of 0.5 and modified Heumann profiled wheels on new AREA 
1:32 1 b. or 1:~6 1 b. rail. 
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11.5.::'2. TEST PI{OCEDCRE AND CONIHTIONS 

The test cal' shall be ol1eI'atetl at constant speetls equivalent to unbalances of -:~, 0, 
and +:~ inches. The tests shall be i'un with the test cal' in both empty and fully loaded 
conditions. between two heavy buffer cars~ one of which may be replaced by an instru
mentation cal'. A complete set of tests shall be carried out in both directions and with the 
test consist tUI'ned in each direction, on dry rail. 

The wheels of the test cal' shall have less than SOOO miles weal' on the new profiles 
specified for production, except that those on instrumented wheelsets shall have modified 
Heumann profiles. The rail pI'ofiles shall have a width at the top of the head not less than 
~Hipercent of the ori~'inal value when new. The test curve shall be of not less than 7 
deJ,{n~es with a balance speed of ~o to ::0 mph, and with class SOl' bette I' track. 

11.5.::'::. INSTRUMENTATlON AND CRITERIA 

The leadinJ,{ axle of both trucks on an end unit or cal', or each axle on an end unit or 
cal' with sinJ,{le-axle trucks, shall be equipped with instrumented wheelsets. The lateral 
and vertical forces amI their .ratio, LN, shall be measured for the length of the body of 
the curve, which must be at least 500 ft., and their maxima and means computed. 
Measured forTe compoCnents having fl'efJuencies above 15 hertz are to be filtered out. 

Either the individual wheel LN shall be less than 0.8 on all wheels measured, or the 
instantaneous sum of the absolute wheel LlVs on any axle shall be less than 1.:3. A record 
of LN on both wheels of the instrumented axles, for each test run, shall be submitted as 
refJuired test data. 

11.5.1. SPIRAL NEGOTIATlON ANI> WHI':EL UNLOADING 

This requirement is desiJ,{ned to ensure the satisfactory negotiation of spirals leading 
into and away fl'om curves. The. analyses and tests are required to show that the 
resultinJ,{ forces between the wheel and mil show an adequate margin of safety fl;om any 
tendency t()derail, especially under reduced wheel loading, and to confir'm other predic
tions of the ear behavior; 

11.5.1.1. PREDICTIONS AND ANALYS~:S 

An analysis shall be cal'l'ied out of the lateral and vertical wheel forces on a single 
car, with the cal' loaded asymmetrically, consistent with AAR loading rules. to give 
maximum wheel unloading. 

The analysis shall be made for a speed equivalent to a mean unbalance at the car 
eenter of -:j inches to +;~ inches with a coefticient of friction of O.S and modified 
lIl'umann whel,l and_ newAR~A l;:~ lb. or l:jli lb. rail profiles. 

Thl' rrl'di~tl'd lateral-to-v~·-I·tit'al force ratio shall not exceed O.H, and no vertical wheel 
load shall Ill' less than 10 pert'('nt of its static value, in a bunched spiral, with a chanJ,{e in 
superelevation of I inch in l'Vl'I'Y :.!O ft, leadinJ,{ into a curve of at least 7 degre~s and a 
minimum of :: inches surll'relevation. 

1L>..t.2. TEST PROCEDURE AND CONUITION~ 

I) I HH 

This test may be carried out concurrently with the previous test, paragraph 11.5.3.2. 
The test cal' shall be operated, empty and fully loaded, between two heavy buffer cars, • 
one of which may be an instrumentation car, at constant speeds equivalent to an 
unbalance of - :~, 0, and +:{ inches at the maximum curvature. 

TIll' Wlll'l,b of the test ("ar shall have It'ss than ;)000 miles weal' on the new profiles 
spl'citied for production, except that those on instrumented wheelsets shall have modified 
Hl'ulllanll pro/ill's. The rail protill's shall havl' a width at the top of the head not less than 
!);l Pl'lTl'nt of till' oriJ,!.·inal valul' wlll'11 nl'\\'. 
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The maximum cUI'vature shall be not less than 7 de!V"ees. with a .minimum of 3 inches 
supel·elevation. A bunched spiral. with a change in superelevation of not less than 1 inch 
in every :W ft .. is required: The'trac'k shall be class 5 or better and dry. Tests sha:ll be run 
in both directions and with the consist turned. ., 

11.;').4.:;. INSTRUMENTATION AND CRITERIA 

The leading axle on both trucks on an end unit 01' car. or each axle on an end unit or 
car with single-axle trucks, shall be equipped with instrumented wheel sets. 

The lateral and vertical forces and their ratio, LN, shall be measured continuously 
through the bunched spiral. in both directions, and their maxima and minima computed. 
Measured force components having frequencies above 15 hertz. are to .be filtered out . 

. , 
The maximum LN ratio on any wheel shall not exceed 0.8, and the vertical wheel 

load shall not be less than 10 percent of the measured static value. A record of 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. . 

lUi. SINGLE CAR ON PERTURBED TRACK 

11.6.1. GENERAL 

The analyses and tests described in this section are designed to establish the track
worthiness of the cal' under conditions associated .with variations in the track geometry. 
They include the dynamic response due to perturbations in the track but exclude the 
dynamic effects due to coupling with adjacent cars. 

The investigations are designed to demonstrate that the car design provides an 
adequate margin of safety from structural damage and from any tendency to derail.' . 

The tests shall be completed and their results found satisfactory by the AAR 
obsel·vers. The I'esults identified shall be added as required data for the consideration of 
the Car Construction Committee. 

lL6.2. RESPONSE TO VARYING CROSS-LEVEL (TWIST AND ROLL) 

This. requirement is designed to ensure the satisfactory negotiation of oscillatory 
cl'oss-level excitation of cars. such as occurs on staggered jointed rail, which may lead to 
large cal' roll and twist amplitudes. The analyses and tests are required to show that the 
resulting forces between the wheel and nlil show an adequate margin of ~afety from any 
tendency to del'Uil. 

11.6.2.1. PREDICTIONS. AND ANALYSES 

A review shall be made of any tests and analyses for the natural frequency. and 
damping of the car body, in the roll and twist modes. in the empty and fully loaded. 
conditions, and an estimate made of the speed of the car at each resonance. 

The maximum amplitude of the carbody in roll and twist, the maximum inst.anta
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: 
length, and a maximum cross-level at the joints of 0.75 in: as shown in Fig. 11.1. 

The instantaneous sum of the absolute values of th.e 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 lengths of the start, at any speed at or below 70 mph. 

1lZLl 
I' , '0 
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1l.6;2.2~ TEST PROCEDURE AND CONDITIONS 
" 

The test car shall be .between two cars chosen for their stable performance. Tests 
shall be carried out with the test car empty and fully loaded. 

39 ft. ----i 
WAVELENGTH 

Figure 11.1. 

TRACK CROSS LEVEL FOR THE 1WIST AND ROLL TEST 

The test shall be on tangent track with staggered 39 ft. rails on good ties and ballast, 
shimmed to a cross level of 0.75 in., low at each joint as shown in Fig. 11.1, over a test 
zone length of 400 ft., but otherwise held to class 5 or better. . 

The test shall be carried out at constant speed, increasing in' 2 mph steps from well 
below 'any predicted resonance until it is passed, or approaching it from a. speed above 
that expected to give a resonant condition. The test shall be stopped if an unsafe 

. condition ,is encountered or if the maximum of 70 mp)1 is reached. It shall be regarded as 
. unsafe if a wheel lifts or if the car body roll angle exceeds 13 degrees, peak-to-peak. 

11.6_2.3. INSTRUMENTATION AND CRITERIA 

The leading axle of both trucks on an end unit or car, or each axle on an end unit or 
car with single-axle trucks, shall be equipped with instrumented wheelsets. The car body 

'roll angle shall also, be measured at a minimum of each end of an end unit. 

The wheel forces, the mean roll angle and difference in roll between ends for each 
. unit, shall be" measured continuously through the test zone. Measured force components 
having frequencies above 15 hertz are to be filtered out. 

The sum of the absolute values of wheel LN on any instrumented axle shall not 
exceed 1.3, the roll angle of the carbody of any unit shall not exceed 6 degrees 
peak-to-peak and the vertical wheel load shall not be less than 10 percent of its static 
valu'e 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 

;.. t~e resonant speeds'for each car load, shall be submitted as required test data. 

11.6.3. RESPONSE TO SURFACE VARIATION (PITCH AND BOUNCE) 

This requirement is designed to ensure the satisfactory negotiation of the car over 
'. track which provides a continuous or transient excitation in pitch and bounce, and in 

particular the negotiation ·of grade crossings and bridges. where changes in vertical 
track stiffness may lead to sudden changes in the loaded track profile beyond those 
measul'ed during inspection. The analyses and tests are required to show that the 
resulting forces between the wheel and rail show an adequate margin of safety from any 
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tendency for the car to derail, to uncouple, or to sho~ interference either between 
sUbsystems of the cal' or between the car components and track. 

11.6.:U. PREDICTIONS AND ANALYSES 

A review shall be made of any tests anu analyses for the natural frequency and 
damping of the car body, fully loaded. in the modes of pitch and bounce,' and an estimate 
made of the resonant speed of the cal' when excited by a track wavelength of 39 feet. 

The vertical wheel load shall be pI'edicted at these speeds or at 70 m'ph, whichever is 
greater, fOI: a continuous near sinusoidal excitation with a vertical amplitude to the track 
surface of 0.75 inches peak-to-peak and a sing-Ie symmetric vertical bump in both rails, of 
the shape and amplitude shown in Fig-. 11.2, predicted vertical wheel load shall riot 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. 

SINGLEVERTICAL BUM. p' . ' /.-I~ - 2' " . 06' 't 
(BOTH RAILS) ~ll~ :L '--- In,:!: ,In .. I-6 f~, . _ 6 ft., 

24 ttJ 

CONTINUOUS DIPS AT SYMMETRIC"POINTS 

........ -------. , ~ ....... ---..... :?iL~~- ~ '~ --...... ~ ~ ~'" 
0.75 in. :!: 0.06 in. ' 

Figure 11.2. 

TRACK SURFACE VARIATION FOR PITCH AND BOUNCE: 

11.6.:L2. TEST PROCEDURE AND CONDITIONS 

The fully loaded test car shall be tested between '£~~ light cars that h'ave' at least 4;; 
ft. truck center spacing. ' 

Tests shall be carried out on tang-ent track with surface deviatio!,)s providing a 
continuous, near sinusoidal. excitation with a vertical amplitude to the track surface of 
0.75 inches peak-to-peak and a single symmetl'ic vel·tical bump in both rails of the shape 
and amplitude shown in Fig. 11.2. These tests may be carried out separately, or together, 
with a separation of at least 100 feet. The track shall othel'wise be held to class;; or 
better, 

• ..,' i" 

Testing shall start at constant speed well below any predicted resonant speed, 
increasing in :) mph steps until an unsafe 'condition is encountered, the l'esonance is 
passed, or the maximum of 70 mph is l·eached. The speed at which resonance is expected 
may be approached from a higher speed, using steps to denease the speed. It shall be 
l'egul'ded as, unsafe if any wheel lifts. 
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n.6.:3.:L INSTRUMENTATION AND CRITERIA 

The leading axle on both trucks on an end unit or car, or each axle on an end unit or 
car with single-axle trucks, shall be equipped with instrumented wheelsets. The vertical 
wheel forces shall be measured continuously through the test zone. Measured force 
components having frequencies above 15 hertz are to be filtered out. 

The vertical wheel load shall not be less than 10 percent of its static value on any 
wheel at any speed tested. A record of the vertical loads measured on the axle with the 
I~west vertical load· shall be submitted as required test data. 

11.6.·1: RESPONSE TO ALIGNMENT VARIATION ON TANGENT TRACK 
(YAW AND SWAY) 

This requirement is designed to ensure the satisfactory negotiation of the car over 
track with misalignments which provide excitation in yaw and sway. The analyses and 
tests are required to show that the resulting forces between the wheel and. rail show an 
adequate margin of safety from any tendency for the car forces to move the track or rail 
or to give interference either between subsystems of the car or between the car 
cumponents and track. 

11.6.-1.1. 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 car, in each mode. 

. . 
The car shall be assumed to be excited by a symmetric, sinusoidal track alignment 

deviation of wavelength 39 feet, on tangent track. The ratio of the sum of the lateral to 
that of the vertical forces on' all wheels on one side of any truck shall be predicted at 
resonance or at 70 mph, whichever is greater, for a sinusoidal double amplitude of 1.25 
inches peak-to-peak on both rails and a constant wide gage of 57.5 inches, as shown in 
Fig. ILl. 

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. 

11.6.-1.2. TEST PROCEDURE AND CONDITIONS 

The fully loaded test car sha.ll be placed at the end of the test consist, behind a buffer 
car of at least 45 feet truck center spacing, chosen for its stable performance. 

Tests.sh.all be carried out on dry tangent track, with symmetric, sinusoidal align
ment deViatIOns of wave length :{U feet, alignment amplitUde 1.25 inches peak-to-peak 
and a constant wide gage of 57.5 inches, over a test zone of 200 feet as shown in Fig. 11.3. 
The track shall otherwise be held to cla::>s 5 or better. . 

!he ~heels of t~e test car shall have iess than 5000 miles wear on the new profiles' 
speCified tor productIOn, except that those on instrumented wheel sets shall have modified 
Heumann pI·ofile::>. The rail profiles shall have a width at the top of the head not less than 
95 percent of the ol"igina\ value when new. 
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" /.' 

- WIDE GAGE ., !--t 

"---' ' 
I • 39 ft. 

-. 
Figure 11.3. 

1.25 in. 

--1~O~125 in. 

TRACK ALIGNMENT VARIATIONS FOR YAW AND SWAY 

Testing shall start at constant speed well below any predicted resonant speed, 
increasing in 5 mph steps until an unsafe condition is encountered, the resonance is 
passed, 01' the maximum of 70 mph is reached, It shall be regardeo as uJ1safe if the ratio 
of total lateral to vertical forces, on any truck side measured, exc~eds 0,6 for a duration 
equivalent to fj feet of track. 

11.1i..t,:t INSTRUMENTATION AND CRITERIA 

All axles on the truck estimated to provide the worst total'.truck side LN, or each 
axle on an end unit 01' car with single-axle trucks, shall be equipped with instrumented 
wheelsets. The ~heel forces shall be measured continuously through the test zone. 
Measul'ed force components having frequencies above 15 hertz are to be filtered out. 

The truck side LN measured shall not exceed 0.6 for a duration equivalent to 6 feet 
of truck. 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. A record of the lateral and vertical loads. measured on the 
truck with the larg-est tl'uck side LN. shall be submitted as required test data. 

11.6.5. ALIGNMENT. GAGE AND CROSS·LEVEL VARIATION IN CURVES 
(DYNAMIC CURVING) 

: ,-, 

This requirement is designed to ensul'e 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 resulting fon'es between the wheel and rail show an adequate margin of 
safety from any tendency for the cal' forces to cause the wheel to climb the rail or to 
move the tmck 01· rail or to give unwanted interference. either between subsystems of 
the car, 01' between the cal' components and track. 

11.1i.;}.1. PREJ)(CTIO~S ANI> ANALYSES 

A I'eview shall be made of the previous tests and analyses for··the natural frequencies 
and response of the car' body. fully loaded. in the yaw and roll modes. 

No analysis is presently available. which can predict the results accurately for this 
test. for all possible designs. It is therefore necessary to provide additional safety 
features in the running- of the test program to prevent unexpected derailments or 
unnecessary damage.* 

* Analyses suitable for preciietions of new cal' performance in this test al'e under development 
and will be added later. 
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11.6.5.2. TEST PROCEDURE AND CONDITIONS 

6, 188 . 

" . 

The test car shall be operated between two cars that are loaded to provide them with 
a low center of gravity. If suitable, an instrumentation car may be used as one of these 
cars. 

Tests shall be carried out on dry rail, in a.curve of between 10 and 15 degrees with a 
balance speed of between 15 and 25 mph, with the test car empty and fully loaded. 

The wheels of the test car shall have less than 5000 miles wear on the new profiles 
specified for production, except that those on instrumented wheelsets shall have modified 
Heumann profiles. The rail profiles shall have a width at the top of the head not less than 
95 percent of the original value when new. 

The track shall consist of staggered rails, 39 feet long, on good ties and ballast, 
shimmed to provide a cross level of 0.5 inch, low at each joint, over the test zone length of 
200 feet, as shown in Figure 11.4. . 

,~~--~, 
. ' . ,. 0.5 In. ~---

~ 0.06 in. 

WAVELENGTH 

Figure 11.4. 

CROSS LEVEL FOR DYNAMIC CURVING TESTS 

Combined gage ~nd alignment variation shall be provided in the test zone by 
shimming the outer rail in the form of an outward cusp, giving a maximum gage of 57.5 
inches at each outer rail joint and a minimum gage of 56.5 inches at each inner rail joint, 
the inner rail being within class 5 standards for alignment in curves,. as given in Figure 
11.5. 

LOW JOINT 

". 

/.\~ 
- ~ t ._~ .. .,,r.. _ _ w , -"'-, ... __ 

........ 56.5 in. . 57.5 in. 4 ..... 

'" \I/' 
LOW JOINT 

Figure 11.5. 

GAGE AND ALIGNMENT VARIATION IN DYNAMIC CURVING 
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It is recommended that a guard rail oe used to. prevent unpredicted derailment; 
however, it must not be in contact with the wheel during normal test running. The test 
shall be carried out at constant speeds up to :3 inches of overbalance, increasing in 2 mph 
steps from well below any predicted lower center roll resonance until it is passed. The. 
resonance may. be approached from a speed above that predicted to give a lower center 

. roll resonance. 

The test shall be stopped if an unsafe conditiqn is encountered or if the maximum 
unbalance is reached. It shall be l'egarded as unsafe if a wheel lifts, the instantaneous 
sum of the aosolute LN values of the individual wheels on any axle exce.eds 1.:3, '01' car 
body roll exceeds f) degrees, peak-to-peak. . . 

11.lL').:t INSTRUMENTATION AND CRITERIA 

The leaning axle on hoth trucks on an end unit or car, or each axle on an end unit or 
car with single-axle trucks, shall be equipped 'with instrumented wheelsets. The car body 
. roll angle shall also be measllreo at one end of the lead unit. The lateral and vertical 
wheel forces and the roll angle shall be measured continuously through the test zone. 
Measured force components having frequencies above 15 hertz are to be filtered out. 

The maximum roll angle shall not exceed 6 degrees. peak-to-peak, the vertical wheel 
load shall not be less than 10 percent of its static value. the individual wheel LN shall be 
less than 0.8. and the instantaneous sum of the absolute wheel LNs on any axle shall be 
less than 1.:3. at a~y test speed. 

A record of both wheel loads measured on the axle with the lowest me.asured 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. 

ll.i. COUPLED CARS AND UNITS 

ll.i.l. GENERAL 

The tests described in this section will be designed to establish the track-worthiness 
of the car under conditions associated with the realistic operation of cars within a train. 
This may include severe transient forces due to coupling with adjacent cars. These forces 
may have a significant effect on the stability of cars and may lead to derailment. The 
investigations will be designed to demonstrate that the car design provides an adequate 
,margin of safety from structural damage and from any tendency to deraiL 

11.i.2. VERTICALLY CURVED TRACK * 

* This section to oe added at a later date 

11.i.:t HORIZONTALLY CURVED TRACK + 

1.30 

+ Investigations al'e currently underway which will allow the addition of this section 
in the near future. 
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APPENDIX A 
VEHICLE CHARACTERIZATION 

Adopted 1987 

1.0. GENERAL 

The characteristic properties of the car body and its suspension, required for 
analysis of its track-worthiness, must be supported by test results providing evidence of 
their validity. Forces arid motions between suspension components and the body modal 
frequencies of the car, 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 the 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 characteristics between the truck and body must be measured 
separately. 

Where connections exist between the truck and .body that may affect the truck 
characteristics, such as with a truck steered through links to the body, and for all cars. 
with single axle trucks, the suspension characteristics must be tested while connected to 
the body. 

,Where. the truck is at the junction of two articulated bodies, both must be simulated 
or used in:~he suspension characterization tests specified. 

1.2. TEST LOAD~, 

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 

4/1/90 

In tests for the suspension characteristics, the recommended procedure is to load the 
suspension and to measure the load and displacement, or velocity, across the particular 
suspension element, in the required direction. These should be recorded up to the 
required maximum and down to the required minimum identified. 

The loads may be applied, either through automatic cycling at an appropriate 
frequency or through manual increase and decrease of load through at least two 
complete cycles. If manual loading is used, delays and intermediate load reversals 
between measurements should be avoided. For the determination of stiffness and 
frictional energy dissipation, the frequency of cycling must be between 0.2 and 0.5 hertz. 

Graphs of load versus displacement or velocity are desirable for the determination of 
the required stiffness or damping. 
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2.0. TESTS WITR 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 f~r trucks having steering links, which 
couple the, lateral or roll motion of the body or truck frame to the yaw motion of the 
axles. In such a case, provision must be made for unrestrained longitudinal movement of 
the wheels, discussed in section 3. The steering links may be disconnected to measure the 
characteristics of suspension elements in the unsteered condition. 

All tests require that the actuators and restraining links, other than those at the 
wheels, have the equivalent of ball joints at both ends to allow for motion perpendicular 
to their axis. 

2.2. VERTICAL SUSPENSION STIFFNESS 

For this test, equal measured vertical loads are applied across the spring groups in 
the range from zero to 1.5 times the static load, if possible, and at least to the static load 
of the fully loaded car. Vertical actuators are attached to each side of the body or the 
structure simulating it. The load may also be applied by adding dead load or a combina
tion of both dead and actuator loads. 

Vertical deflections are required across all significant spring elem~nts 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 side bearings, 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 until the wheels lift. The roll angle across all suspension elements may be 
measur'ed directly or deduced from displacements. 

'2.4. TOTAL LATERAL STIFFNESS 

The lateral stiffness cha~acteristic may be found by attaching an actuator to apply 
loads laterally to the body or bodies, which should be positioned as if on tangent track. If 
the lateral motion of the truck frame is coupled to its yaw through a steering mechanism,' 
it should be disconnected to prevent the yaw resistance of the frame from affecting the 
measurement onateral stiffnesses. 

The minimum and maximum lateral loads applied per truck should be minus and 
plus one fifth of the static load carried. Measurements are required of the lateral 
displacements across all suspension elements. 

2.5. INTER·AXLE TWIST AND 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 of3 inches, and the vertical load and 
displacement are measured. The stiffness between the axles in twist is -the ratio of the 
load to the displacement multiplied by the square of the gage. It is a measure of the truck 
equalization. 
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3.0. TESTS WITH UNRESTRAINED WHEELS 

3.1. GENERAL 

These tests involve movements in the suspension system and axles relative to other 
elements of the system or to other axles, without restraint between the wheel and rail, 
but with the normal static vertical load. 

The shear resistance between the rail and the wheel must be eliminated by the 
provision of a device having very low resistance, such as an air bearing, under each axle. 

3.2. AXLE ALIGNMENT 

Both radial and lateral misalignments may be deduced from measurements of the 
yaw angle of each axle from a common datum. The radial misalignment between axles is 
half the difference in their yaw angles, taken in the same sense, and the lateral 
misalignment is their mean yaw angle. 

In the case of trucks which have significant clearance between the axle and frame, it 
may be necessary to establish the axle in the center of the clearance for the purpose of 
identifying the mean axle misalignments. 

3.3. LONGITUDINAL STIFFNESS 

A longitudinal load must be applied to the axle, equivalent to a single load at its 
center, and cycled between tension and compression up to half the itatic load on the axle. 

The load may be applied directly between axles, or between the test axle and ground 
through an appropriate structure, with the body or truck frame restrained. The load may 
also be applied directly between the axle and frame, or in the case of a car with single 
axle trucks, between the axle and the body.· 

The longitudinal deflection across each spring element .. must be measured and the, 
results plotted. 

Where the load is applied directly between the axles of a truck or car, this measure
ment may be combined with the inter-axle shear test in section 3.4., or the inter-axle 
bending stiffness test in section 3.5. 

3.4. AXLE LATERAL AND INTER-AXLE SHEAR STIFFNESS 

4·\,90 

The inter-axle shear stiffness may be found by shearing the axles, or moving them in 
opposite directions along their axes, and measuring the shear or lateral deflection 
between them. The shear force on each axle must be at least one tenth of the static 
vertical axle load. 

This test may be combined with the inter-axle longitudinal test of section 3.3., where 
the required load can be achieved. . 

In the case of direct inter-axle loading, the locations of the applied force and 
restraint are such that they are equal and opposite, diagonally across the truck or car. 

The actuator and restraint each provide two components of force on the axle to 
which they are attached. One component lies along the direction of the track and 
provides tension and compression, as in section 3.3., for the longitudinal stiffness. The 
other component lies along the. axle and applies the required shear, force bewteen axles. 
This component may be applied separately with a suitable arrangement of actuators and 
restraints. 

Measur·ements are made of the lateral misalignment of th.e axles during the 
cycle. The shear stiffness is the ratio of shear force to the lateral misalignment. 

C-1I-415 1.33 
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For single axle trucks, a test similar to that described above may be used to 
determine the lateral stiffness, with force applied laterally between ground and the axle 
With the body restrained, or with the truck frame restrained in the case of trucks having 
more 'than ,one axle. For trucks which also provide steering through coupling axle lateral 
motion to its yaw angle, this test may be preferred over the lateral test of section 2.4. for 
finding the lateral stiffness, since the axles are free to yaw. 

3.5. AXLE YAW AND INTER-AXLE BENDING STIFFNESS 

The inter-axle bending stiffness may,. be found by yawing the axles in the opposite 
directions and measuring the yaw angle -between them. The yaw moment applied, in 
inch-pounds, must be at least equal to the axle load in pounds. 

This test may be combined with the inter-axle longitudinal test of section 3.3. If this 
is done, the test is carried out by applying an effective force on the axle a known distance 
laterally from the truck centerline . 

. In the case of direct inter-axle loading the restraint must be applied to the axle, at 
the other end of the car or truck, on the same side as the applied force. The applied and 
restraining forces each provide a longitudinal force and a yaw moment on the axle to 
which they are attached. The force provides the tension and compression as in section 
3.3. for the longitudinal stiffness' and the moment is applied between the truck axles in 
yaw. This moment may be applied independently of the longitudinal force. 

Measurements are made of the resulting radial mis-alignment of the axles during 
the load cycle. The bending stiffness is the ratio of applied bending moment to the radial 
misalignment. 

A similar test of the axle yaw stiffness may be arranged with forces applied in yaw 
between a single axle and ground, with the body restrained. or with the truck frame 
restrained in, the case of trucks having more than one axle. 

3.6. YAW MOMENT BETWEEN THE SUSPENSION AND BODY 

The required yaw stiffness and breakout torque between the car body and truck 
must be measured by applying a yaw moment, using actuators in equal and opposite 
directions at diagonally opposite corners of the truck to 'rotate the truck in yaw. The car 
body must be restrained. 

The applied yaw moment must be increased until gross rotation is observed, repre
senting the breakout torque. or to the limit recommended for the yaw of the secondary 
suspension. 

-The angle in yaw between the car body and truck ?o)ster or frame must be measured. 

4.0. RIGID AND FLEXIBLE BODY MODAL-CHARACTERISTICS 

4.1. GENERAL 

Tests are required to identify the rigid and flexible body modal frequencies and 
damping. The rigid body modal frequencies may be compared to predictions using 
estimated or measured body masses. and inertias and the suspension ·parameters mea
sured according to the requirements of sections 2. and 3. Tests and estimates should be 
made with the car in the empty and fully loaded state. 
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4.2. TEST CAR BODY 

For cars consisting of more than one coupled unit, tests for body modes are required 
on one of each of the unit bodies having a different structural design. Dead loads may be 
added to give the required additional loading to any shared suspensions. 

Where coupling exists between the modes of adjacent bodies, such as in roll or 
torsion, this may be examined in a dynamic analysis, validated for the case of tests 
without coupling. 

The frequency and modal damping are only required for the flexible body modes 
which are predicted to have a natural frequency below 12 hertz. 

4.3. GENERAL PROCEDURE 

Transient or continuous excitation may be applied, using one or more actuators or 
dropping the car in a manner to suit the required mode of excitation. 

The modal frequency and damping are required for an' amplitude typical, of the car 
running on class 2 track. 

In the case of the rigid body modes, the actuators must be located at the rail level or 
the level of the truck frame with the body free to oscillate 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 excitation where continuous excitation is used. 

The percentage modal damping may be determined using the logarithmic decrement 
in tr~sient tests or the bandwidth of the response from a range of frequencies. 

4.4. RIGID BODY MODES 

41\190 

The rigid body modes for the car are: 

Body ,bounce 
Body pitch 
Body yaw and sway 
Lower center roll 
Upper center roll 

In the case where the normal load on the body is not centered between the 
suspensions, the body bounce mode may be coupled to the body pitch. The required 
measurement of bounce and pitch may be achieved by two vertical measurements at the 
ends of the car. Their weighted sum provides bounce and their weighted difference pitch. 
The weighting is dependent on their position relative to the center of mass. 

Yaw and sway are deduced from lateral measurements made at each end of the body, 
a known distance from its mass center, similarly to the determination of pitch. 

Measurement of the upper and lower center roll modes are determined from lateral 
displacements taken at two heights, or by a single lateral displacement and a roll angle 
measurement. 

C-II-417 



Association of American Railroads 
Mechanical Division 

Manual of Standards and Recommended Practices 

4.5. FLEXIBLE BODY MODES 

The flexible body modes for the car are: 

Torsion 
Vertical bending 
Lateral bending 

. Determination of the frequency and damping in the torsion mode requires excitation 
. and measurement of roll at one end of the car . 

. The excitation is similar to that for roll but resonance occurs at a higher frequen
cy. The response between the ends of the car is out of phase for modes number 1,3, 
and in phase for modes number 2,4, although it is unlikely that modes above 2 will be 
significant. " 

Vertical or lateral bending modes are" measured as a response to the vertical or 
lateral excitation at one end or both ends of the car. The first bending mode has a 
maximum amplitude at or near the car center. The second bending mode has a node or 
point of minimum response at the c"enter. 

5.0. PARAMETER ESTIMATION· 

* Tests are presently being conducted to examine this method. 
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APPENDIX B 

SPECIFICATION FOR INSTRUMENTED WHEELSETS 
FOR CHAPTERXI (M·1001) TESTING ' 

Adopted 1989 

1.0. INTRODUCTION 

Instrumented wheelsets to be used in acceptance testing of new and untried cars 
under Chapter XI of AAR Standard M·100l must meet the requirements of this specifica· 
tion. Load measuring wheelsets are a critical transducer for a wide range of the Chapter 
XI vehicle dynamics tests. Calibrated wheelsets will be required to accu~ately measure 
lateral and vertical wheeUrail forces, as well as wheel lateral to vertical force (LN) ratios. 
A verification of wheel set accuracy is pe'rforrried through a three-step process consisting 
of calibration, analysis, and field procedures. 

2.0. INSTRUMENTED WHEELSET SPECIFICATIONS 

2.1. 

2.2. 

2.3. 

To be accepted for Chapter XI testing, a load measuring wheelset desigTd'nust meet 
the following specifications: ' ',-, 

Vertical wheel load measurements must be within + / - 5 percent of the actual 
vertical load. This accuracy is to be maintained for loads ranging from' 0 to 200 percent of 
the static wheel load. The minimum signal resolution is to be no less than 0.5 percent of 
the static wheel load. 

Lateral wheel load measurements must be within +/ - 10 percent of the actual 
lateral load. This accuracy is to be maintained for loads ranging from 0 to 100 percent of 
the static (vertical) wheel load. The minimum signal resolution is to be no less than 0.5 
percent of the static (vertical) wheel load. 

Maintain the above stated accuracy requirements, at all times, for: 

2.:3.1. 

All potential load cases (longitudinal loads of up to 60 percent of the static (vertical) 
wheel load, lateral loads of up to 100 percent of the static (vertical) wheel load, and 
vertical loads of up to 200 percent of the static wheel load). 

2.3.2. 

All potential wheellrail contact conditions including full flange contact, outside tread 
contact, two-point contact, and flange contact at high wheelset angles of attack. 

2.3.:1. 

An operating speed (for dynamic wheelset output) of from 5 to 80 mph. ,_ 

2.:U. 

Signals from 0 to :30 Hertz. 
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Over a recommended operating ambient temperature range of ° to 110 degrees 
Fahrenheit. Any restrictions in the operating _ temperature range are to be noted. 

Wheelset reprofiling or recalibration requirements due to profile wear are to be 
documented. Temperature compensation arrangements and operating limitations due to 
ambient temperature swings are to be detailed as well. The wheelsets are to be equipped 
with the modified Heumann profile shown in Figure 8.1 of Chapter VIII of AAR Standard 
M-1001. 

3.0. VERIFICATION 

Wheelset accuracy is to be substantiated through calibration, analysis, and testing. A 
minimum number of required wheel set 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 wheel set function under field condition,s. 

3.1. STATIC CALIBRATION _ 

Static tests to determine the wheelset calibration factors are-require-d-of all instru
mented wheel sets. 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 ° 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 
10 equally spaced inputs (+ / - 20,40, 60, 80, and 100 percent). A vertical force equivalent 
to the static wheel load is to be applied simultaneously. Both vertical and lateral force 
strain gauge outputs are to be recorded. 

The static calibration report is to include raw measurement values and the derived 
calibration factors. The calibration report must also include a table comparing the 
applied forces and, given the calibration factors obtained during the testing, the mea
sured forces. It is assumed here that the calibration factors will represent average 
values independent, for example, of wheelset rotational position. 

138' 
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3.2. ANALYSIS 

The following theoretical analyses are required to verify theoretical wheelset ac
curacy for load combinations that cannot satisfactorily be applied using a conventional 
static loading frame. It is assumed that finite element or similar calculations will have 
been performed beforehand to obtain the theoretical wheel set calibration factors. Any 
variations in wneelset 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 
com binations). 

3.2.2. 

Single point contact on the flange (defined, as being at a point giving a rolling radius 
one-half inch greater than that obtained at the tape line) for a vertical load of 100 and 
150 percent of the static wheel load in combination with a lateral load of 25, 50, and 75 
percent of the static wheel load (giving a total of six load combinations). 

3.2.3. 

Single point contact at the wheel tape line for a vertical load equal. to the static 
. wheel load in combination with a longitudinal load of - 50, - 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 flange for a vertical load of 75 percent of the static wheel 
load in combination with a longitudinal load of - 50, - 25,25, and 50 percent of the static 

. wheel load and a lateral load of 50 percent of the static wheel load (for a total of four load 
combinations). 

3.2.5. 

Two-point contact with the first point of contact at one-half inch toward the wheel 
face from the wheel tape line and the second point of contact at the flange and displaced 
- 0.5, 0, and 0.5 inches longitudinally from the' mid-plane axis of thewheelset. 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 the static wheel load (for a total of three calculation cases). 

3.2.6. 

4/1190 

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 comb.ination with a 
lateral load of 10 percent of the static wheel load .. 

:139 
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3.2.7. 

Single point contact· at the Range, fot 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 
'combinationwith Ii lateral load of 50 percent of the static wheel load . 

. ' Results for the twenty-three static calculation ca:ses 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 simila~ calculation to verify theoretical wheelset 
accuracy uriderdynamic conditions:' 

.~ , 

3.2.8. 

This calculation is to verify that no wheelset vibration modes are present with' 
natural frequencies below 30.Hertz. If such modes exist, a dynamic calculation is to be 
performed for the following wheelset input: single point contact at the wheel tape line for 

. a vertical load equal to the static wheel load in combination' with a time varying 
lorigitudinalload with an amplitude 0{25 percent and a lateral load with an amplitude of 
10 percent of the static wheel load. The mean longitudinal and lateral force are both to be 
zero. The calculation is to consider an input frequency ranging from 0 to 30 Hertz where 
the lateral and longitudinal force signals are 90 degrees out of phase. The' boundary 
condition to be used for both this 'calculation and the wheelset natural frequency 
calculation is to fix the wheelset' in the longitudinal, lateral~ vertical, and rotational 
sense at the bearing centerline (axle top dead center).' . 

The results of the dynamic calculation are to be given as the mean value and 
amplitude of the predicted lateral and vertical forces as functions of the wheelset 
rotational position. 

3.3. TEST PROCEDURES 

The following experimental analyses are required: 

3.3.1. 

3.3.2. 

A zero speed jacking test to set the wheelset zero followed by a slow speed roll (at 
ten, twenty, and thirty miles per hour) along tangent track to verify that wheel vertical 
load signals are within + /- 5 percent of the calibrated ,scale axle load for constant speed 
operation on level tangent track. Wheelset signals will be evaluated on the basis of mean 
values for a randomly chosen output segment having a minimum duration of ten 
seconds. 

A steady-state curving 'test to confirm that net truck or car lateral loads are within 
+ /- 10 percent of the theoretical value for constant speed operation on constant radius 
track at speeds corresponding to + 3, 0, and - 3 inches cant deficiency. Both curvature 
and superelevation of the track need to be constant and accurate. Wheelset accuracy is to 
be verified on a sharp curve (7 degrees curvature and above) for curving with hard Range 
contact. Wheelset signals will be evaluated on the basis of mean values for a randomly 
chosen output segment having a minimum duration of ten seconds. 

3.3.3. 

As an alternative to this test a zero speed jacking test is suggested using equal and 
opposing lateral loads applied (via a hydraulic jack) to the wheel backs. Measured lateral 
loads are to be within + /- 5 percent of the applied value for loads ranging from 0 to 50 
percent of the static (vertical) wheel load. 

1.40 
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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 certifieci 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. 

4.2. 

4.3. 

411·90 

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.' . . 

An instrumented wheelset which has met these requirements will be so certified by 
the designated AAR representative. 

" The designated AAR observer for Chapter XI testing will verify that the instru
mented wheelsets to be used have been accepted for testing and the test procedures 
described in Section 3.3 above are completed satisfactorily . . 

:141· 
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APPENDIX C 

TRIPLET TRACK WORTHINESS TEST PROCEDURES 
AND 

TRIPLET TRACK WORTHINESS SETUP PROCEDURES 

(1) ON-TRACK TEST PHASE I 
(2) ON-TRACK TEST PHASE I TEST SETUP 
(3) ON-TRACK TEST PHASE II 
(4) ON-TRACK TEST PHASE II TEST SETUP 
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PEACEKEEPER RAIL GARRISON" 
PROCEDURE PKRG-7000-TRIPLET CARS 

ON-TRACK TRIPLET TEST PHASE I 
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1.0 DESCRIPTION 

PEACEKEEPE}{RAIL GARRISQN 
PROCEDURE PKRG·7000·TRIPLET CARS 

ON.TRACK TEST PHASE 'I ' ' 

This procedure outlines the sequence of steps to conduct On-Track Triplet Test, 
Phase I Testing at the Transportation Test Ce~ter (TIC). The On-track Testing con-
sist of seven sub-tests: ' 

1. Hunting "Test . . .. 
2. Constant CUrVing Test 
3. Spiral Negotiation Test 
4. Rock and Roll Test 
5. Pitch and Bounce Test 
6. Dynamic Curving Test 
7. Yaw and Sway Test 

Additionally, two tests have been added for the Rail Garrison program, 
they are: 

1.1 INDEX 

1.0 
1.1 

1.2 
1.3 
1.4 

1.5 
1.6 
2.0 
2.1 

3.0 
3.1 

3.2 
3.3 

4.0 
4.1 

1. Turnout And Crossover 
2. Wayside Measurement 

Description 

Index 

Equipment List 

Figure List 

Table List 

Reference List 

Test Documentation List 

Pre-Test Setup for all Tests (Except.Yaw and Sway) 

38" Instrumented Wheel Set Installation 

36" Instrumented Wheel Set Installation 

Test Setup 

Coupling of the Test Car and the Instrumentation Car 

38" Instrumentation Checkout 

36" Instrumentation Checkout 

Test Setup 
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5.0 Lateral Stability on Tangent Track (Hunting) 

5.1 Test Setup 

5.2 On-track Testing 

5.3 Post Test 

6.0 Constant Curving Test 

6.1 Test Setup 

6.2 On-track Testing 

6.3 Post Test 

7.0 Spiral Negotiation and Wheel Unloading 

7.1 Test Requirements 

8.0 Twist and Roll Test 

8.1 Test Setup 

8.2 On-track Testing 

8.3 Post Test 

8.4 Test Tear Down 

9.0 Pitch and Bounce Test 

9.1 Test Setup 

9.2 On-track Testing 

9.3 Post Test 

10.0 Dynamic Curving Test 

10.1 Test Setup 

10.2 On-track Testing 

10.3 Post Test 

lOA Test Tear Down 

11.0 Turnout and Crossover Test 

11.1 Test Setup 

12.0 Special Perturbations 

12.1 Test Setup 
" 

12.2 OI1-track Testing 

12.3 Post Test 

13.0 Yaw and Sway Test 

13.1 Test Setup 

13.2 On-track Testing 
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13.3 Post Test· 

14.0 Test Car Unloading 

15.0 Test Tear Down 

16.0 QA Verification 

·1.2 EQUIPMENT LIST 

a. 4ea. 

b. 2ea. 

c. 2ea. 

d. 2ea. 

e. 6ea. 

f. lea. 

g. 4ea. 

h. lea. 

1. 15gea. 

J. 

1.3 FIGURE LIST 

Figure 3-1 

Figure 3-2 

Figure 13-1 

1.4 TABLE LIST 

IITRI Instrumented Wheel.,Sets 
.-

ENSCO Instrumented Wheel Sets 

Single Roll Gyrometer 

Lateral Accelerometer 

Strip Chart Recorder 

Digitizer 

lOO-Ton Jacks 

HP 360 Data Acquisition System 

Signal Conditioner 

All Safety Equipment As. Required By TIC 

36" and 38" Instrumented Wheel Set Configuration 

Core Test Consist 

Yaw and Sway Instrumented Wheel Set Configuration 

Table 3-1 Constant Curving Conditions 

1.5 REFERENCE LIST 

PRKG 2100.... Truck Inspection Procedure 

PKRG 3100.... Instrument Installation Pro.cedure 

M100l........ Manual of Standards and Recommended Practices, 
Section C, Part II, Volume I, Chapter XI 

PKRG 3300..... ENS CO 38" Instrumented Wheel Sets Installation, Calibration 
and Operation .,.. !. 

PKRG 3400..... IITRI 38" Instrumented Wheel Sets Installation, 
Calibration and Operation , ,.' . 

PKRG 3500..... IITRI 36" Instrumented Wheel Sets Installation Calibration and 
Operation .~ . . . . 

, ': . 
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.' 
PKRG 3800-TC On-track Test Setup Phase I 

PKRG7001..... Test Sequence Chart 

PKRG 7002..... Daily Pre~test Sign-off Sheet 

PKRG 8100..... Loading/Unloading Procedure for 36" Triplet Cars 

MlOOr Manual of Standards and Recommended Practices, 
Section C, Part II, Volume I, Chapter XI 

TIC Operation Rules for the Transportation Test Center, 
P1Ieblo, .Colorado, AAR, November 1, 1989 

Peacekeeper Rail Garrison Test Implementation Plan, (for 
appropriate test car), Chapter XI testing . 

ENSCO Operating Manual' 

IITRI Operating Manual 

TIC Safety Rule Book 

1.6 TEST DOCUMENTATION LIST 

NONE 
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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 PRE·TEST FOR ALL TESTS (EXCEPT YAW AND SWAy) 

2.1 38" Instrumented Wheel Set Installation 

TASK 
NUMBER PROCEDURE 

2.1.1 Disconnect the hand brake chain and air brake line. 

2.1.2 Ensure brake shoes and keys are removed from each wheelloca· 
tion . 

.. 2.1.3 Remove all slack adjusters. 

2.1.4 Secure emergency brake chain. 

2.1.5 Remove and secure all loose brake system components .. Mark the 
removed components defining location from which they were 
removed and store components for later reinstallation. 

2.1.6 Chock all B-end wheels. 

2.1.7 Using two lOO-tonjacks at the jacking pad, jack the test car up 
approximately 12 inches to remove the A-end running .gear assem
bly. 

2.1.8 Roll the span bolster and trucks away from the car. 

2.1.9 Lift the front of the span bolster and place on blocks. 
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2.1.10 Roll out Truck 4 .. 

2.1.11 Lift Truck 4 and remove the leading AXle 8 wheel set 

2.1.12 Replace the leading wheel set with the IITRI WS 17 Instrumented 
Wheel Set in accordance with, PKRG-3400 IITRI 38" Instrumented 
Wheel Set Installation, Calibration and Operation and PKRG-
3800-TC On-track Test Phase I. . 

2.1.13 Roll the truck back under the span bolster. 

2.1.14' Lower the span bolster. 

2.1.15 Lift the rear of the span bolster and place on blocks. 

! : 

2.1.16 Roll out Truck 3. 

2.1.17 Lift Truck 3 arid remove wheel set (Axle 6). 

2.1.18 Replace the leading wheel set with the ENS CO WS 1 Instrumented 
Wheel Set in accordance with, PKRG-3300 ENSCO 38" Instrum
ented Wheel Set Installation, Calibration and Operation and 
PKRG- 3800-T~ On-track Test Phase I. 

. 2.1.19 - Roll the truck back under the span bolster. 

2.1.20 Lower the span bolster and replace the running gear assembly. 

2.1.21 Lower the jacks .. ' 
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2.1.22 Repeat Steps 2.1.1 through 2.1.21 for the B-end running gear . 
assembly; using IITRI WS 18 under Truck 2 (Axle 4) and ENSCO 
WS 2 under Truck 1 (Axle 2). 

2.1.23 Quality verify the co~pletion of the wheel set change out. 

3.0 36" INSTRUMENTED WHEEL SET INSTALLATION PROCEDURE 

3.1 Test Setup 

TASK 
NUMBER PROCEDURE 

3.1.1 Disconnect the hand break chain and air brake line on the lead 
Triplet Car. 

3.1.2 Ensure brake shoes and keys are removed from each wheelloca-
tion. . 

3.1.3 Remove all slack adjusters. 

3.1.4 Secure emergency brake chain. 

3.1.5 Remove and secure all loose brake system components. Mark the 
removed components defining location in which they were removed 
and store components for later installation. 

3.1.6 Chock all A-end wheels. 

3.1.7 Using two lOO-tonjacks at the jacking pad, jack the test car up 
approximately 12 inches to remove the B-end running gearassem-
bly. . 

3.1.8 Roll the span bolster and trucks away from the car. 
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3.1.9 Lift the front of the span bolster and place on blockS. 

3.1.10 Roll out Truck 2. 

3.1.11 Lift Truck 2 and remove the leading Axle 4 wheel set. 
~ , ' . ; 

3.1.12 Replace the leading whe'el set with the 36" IITRI Instrumented 
Wheel Set in accordance with the PKRG-3500 IITRI 36" Instrum
ented Wheel Set Installation, Calibration and Operation and 
PKRG- 3800-TC On-track Test Phase I. 

, "I-

3.1.13 Roll the truck back u~d~r the span bolster. 
/ 

3.1.14 Lower the span bolster and replace the running gear assembly. 

3.1.15 Lower jacks. 

3.1.16- Quality verify the completion of the wheel set change out as shown 
in Figure 3-1. ! 

3.1.17 Repeat all 36" Instrumented Wheel Set Installation Procedures for 
next 36" Wheel Set Triplet Car, replacing Truck 4 (Axle 8) with the 
IITRI 36" Instrumented Wheel Set. 
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3.1.18 Quality verify the completion of the wheel set change out as shown 
in Figure 3-1. . . 

... 
Locomotive T -5 

~liIlliili,1 1= = = = = I ,-, '''''"'""=:Ic:J::361:J:1:''m'~~1 
Jj <2Ii0 ~ ~ 0i0 (!)i0 ~- ~ -

\ 
WS-19 

38" 
Buffer Cars As Required 

36" 
~~~~~ ... 10;;0 ~ (!J;G I '~~'~i=""'"""'" 

./ / 
WS-17 WS-1 

Figure 3·1 36" and 38" Instrumented Wheel Set Configuration 

3.2 Coupling of the Test Car and the Instrumentation Car 

TASK 
NUMBER PROCEDURE 

3.2.1 _ Couple the A-End of the Triplet Cars behind the instrumentation 
car; then, couple 6 loaded lOO-ton buffer cars to the Triplet Cars. 
Figure 3-2 shows the core test consist. 

.... 
Locomotive T-5 

QA 
INITIAL 

38" 36" 
Buffer Cars As Required 

.q~~==~ ~i¢='==~ 10il!) 'c==:; ®;;0' 
Figure 3·2 Core Test Consist 

CAUTION 

Restrict coupling speed to 3.5 mph 
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3.3 38" Instrumentation Checkout 

TASK 
NUMBER PROCEDURE 

3.3.1 Calibrate instrumentation in accordance with PKRG-3400 IITRI 
38" Instrumented Wheel Set Installation, Calibration and Opera
tion, PKRG-3300 ENSCO 38" Instrumented Wheel Set Installa
tion, Calibration and Operation and PKRG-3800-TC On-track Test 
Phase 1 

3.3.2 Quality verify coupling of the Triplet Cars and the Instrumentation 
Car is complete. 

3.4 36" Instrumentation Checkout 

TASK 
NUMBER PROCEDURE 

3.4.1 Calibrate instrumentation in accordance with PKRG';3500 IITRI 
36" Instrumented Wheel Set Installation, Calibration and Opera
tion.and PKRG-3800-TC On-track Test Phase I. < 

3.4.2 Quality verify coupling of the Triplet Cars and the Instrumentation 
Car is complete. 

4.0 TEST SETUP . 

TASK 
NUMBER PROCEDURE 

4.0.1 Calibrate instrumentation in accordance with PKRG-3500 IITRI 
36" Instrumented Wheel Set Installation, Calibration and Opera-· 
tion. 

4.0.2 Calibrate instrumentation in accordance with PKRG-3400 IITRI 
38" Instrumented Wheel Set Installation, Calibration and Opera
tion and PKRG-3300 ENSCO 38" Instrumented Wheel Set Installa
tion, Calibration and Operation. 
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4.0.3 Quality verify coupling of the Triplet Cars and the Instrumentation 
Car is complete. 

NOTE 
. . 

. Test sequence is arbitrary. The test 
sequence may bedictated by track availability 

at TIC. 

5.0 LATERAL STABILITY ON TANGENT TRACK (HUNTING) 

5.1 Test Setup 

TASK 
NUMBER PROCEDURE 

5.1.1 Ensure that buffer cars are coupled to the core test consist as 
illustrated in Figure 3-2. 

5.1.2 Ensure that instrumentation meets the requirements outlined in 
PKRG-3400 IITRI 38" Instrumented Wheel Set Installation, Cali
bration and Operation, PKRG-3300 ENSCO 38" Instrumented 
Wheel Set Installation, Calibration and Operation, and PKRG,. 
3800-TC On:-track Test Phase I. 

5.1.3 Ensure that instrumentation meets the requirements outlined in 
PKRG-3500 IITRI 36" Instrumented Wheel Set Installation, Cali
bration and Operation, and PKRG-3800-TC On-track Test 
Phase I. 

5.2 On-track Test 

TASK 
NUMBER PROCEDURE 

5.2.1 Ensure that the instrumentation is checked-out in accordance with 
Steps 3.1.1 through 3.3.2 and 3.4.1 through 3.4.2: 
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NOTE 
, , 

Test to be conducted on 5,000 feet of dry tangent track on the 
RTf,With Class 5 or better track (R39-R33). 

CAUTION 

Stop testing when lateral acceleration exceeds 1.0 g peak to peak 
. or any ,maximum 3xle sum L/V exceeds 1.3 for 50 millisecond. 

5.2.1.1 Enslire applicable perturbations have been verified. 

5.2.1.2 Ensure pretest sign off sheet PKRG-7002 has been completed. 

5.2.2 During the initial 30 mph track conditioning run, keep the speed 
. constant through the test zone. 

5.2.3 Start acquiring lateral acceleration data 200 - 300 ft. before reach
ing the test zone. The computer should be triggered by Automatic 
Location Device (ALD). ' 

5.2.4 Stop data acquisition 200 - 300 ft. beyond the test zone. 

5.2.4.1 Review test, ensure data is acceptable and indicates that the test 
can be continued. 

5.2.5 Repeat test once. 

5.2.5.1 Compare maximum limiting values. Ensure readings are within 15 
percent of each other. For instrumented wheel sets, 5 percent on 
roll gyros and accelerometers. 
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5.2.6 Increase speed in increments of 10 mph, + /- 1 mph, with each pair 
of test runs, until approaching a critical point (SO percent of stop 
criteria) (.S g peak to peak, 1.0 L/V); then, increase, speed in 
increments of 2 mph until a maximum test speed of 70 mph is 
reached. 

5.2.7 In theTest En~ineer's Log, note the speed at which the car sustains 
truck hunting, 1f hunting occurs. (Per Chapter XI criteria 1.0 g peak 
to peak for 20 seconds). 

5.2.S Quality verify that the test is completed. 

5.3 Post Test 

TASK 
NUMBER' PROCEDURE 

5.3.1 Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3S00-TC.' 

5.3.2 Perform Post Test Visual InSpection. 

6.0 CONSTANT CURVING TEST 

6.1 Test Setup 

TASK 
NUMBER PROCEDURE 

6.1.1 Instrumentation for this test should be as per Section 2.0. 

6.1.2 Ensure that instrumentation meets the requirements outlined in , 
PKRG-3400 IITRI 38" Instrumented Wheel Set Installation, Cali
bration and Operation, PKRG-3300 ENS CO 3S" Instrumented 
Wheel Set Installation, Calibration and Operation and PKRG-
3S00-TC On-track Test Phase I. 
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6.1.3 Ensure that instrumentation meets the requirements outlined in 
PKRG-3500 IITRI.36'~ Instrumente,d Wheel set Installation, Cali
bration; and Operatibn,.and PKRG-3800-TC On-track Test 
Phase I. . " '., . 

6.1.4 Ensure that buffer cars are coupled to the core test consist as 
illustrated in Figure 3-2. 

CAUTION 

Restrict coupling speed to 3.5 mph. 

6.2 On-track Testing 

TASK 
NUMBER PROCEDURE 

6.2.1. . This test utilize~ three d~ffer'ent degrees of curvature and superele- ' 
. vation (7;5-, 10-, and 12~ degree with 4, 3.4 and 5 inches of superele
yation respectively) available on the WRM track. 

6.2~1.1 Ensure llPplicable perturbations have been verified. 

6.2.1.2 Ensure 'pre-test sign off sheet PKRG-7002 has been completed.' 

6.2.2 Determine the test nm speed by equation: 

V = /1480 (U + H) 
\j' D 

QA 
INITIAL 

Where: U = unbalance in inches 
. H = superelevation in inches 
D = degree of curvature 

Where: 'U= 
H=---
D= ---

6.2.3 For U = -3. 0, and 3 inches of unbalance. 
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NOTE 

Track speed may b~ lower.t~an th~ calculated speed 
for the + 3 Inches. If thIS condItIon eXists use the track speed 

limit of 45 mph~ The speed calculate for the -3 inches may be zero or less. 
If this condition exists use a negative difference from the balance equal to the positive dif

ference for the + 3 inches. 

CAUTION 

Stop testing when any L/V exceeds 0.8 . 
or any aXle sum L/V exceeds 1.3 for a period greater than 200 millisecond. 

6.2.4 Operate the test consist at a constant speed for each condition 
shown in Table 3-1 (speeds shall be + j- 1 mph). . 

Table 3-1 Constant Curving Conditions Matrix 

I I 
SUPER 

I 
BALANCE 

II +3 INCH I DEGREE ELEVATION SPEED 

7.5 3 24.0 32.0 

10 3.4 24.0 32.0 

12 5 25.0 32.0 

This speed is -2 incb unbalance; -3 incb is 0 mpb 

6.2.5 With each test run, record data 200 - 300 ft. before the curve and 
through the length· of the body of the curve. The computet should 
be triggered by the ALD. 

6.2.5.1 Repeat Step 6.2.4 for opposite directions. 

6.2.6 QA verify that the test matrix is complete. 
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6.3 Post Test 

TASK 
NUMBER PROCEDURE 

6.3.1 Perform Post Test Calper PKRG 3300,3400,3500 and 3800-TC. 

6.3.2 Perform. Post Test Visual Inspection. 

7.0 SPIRAL NEGOTIATION AND WHEEL UNLOADING 

7.1 Test Requirements 

TASK 
NUMBER 

".' ' 

- :.- : ~~, , , 

PROCEDURE 

7.1.1 This test will run concurrently with the Constant Curving Test. 
~ .. ! 

7.1.2 Ensure applicable perturbations have been verified. 

7.1.2.1 Ensure pre-test sign off sheet PKRG-7002 has been completed. 

7.1.3 Record data while running through the spirals on the WRM during 
the curving test. 

CAUTION 

Stop· testing when the vertical wheel force is less than . 

QA 
INITIAL 

QA 
INITIAL 

10 percent static wheel load or any wheel L/V exceeds 0.8 for 50 millisecond. 

7.1.4 QA verify that the test is complete. 
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8.0 lWIST AND ROLL TEST 

8.1. Test Setup 

TASK 
NUMBER 

J . 

PROCEDURE 

8.1.1 Ensure that buffer cars are coupled to the core test consist as 
shown in Figure 3-2. 

8.1.2 Ensure that instrumentation meets the requirements outlined in 
PKRG-3400 IITRI 38" Instrumented Wheel Set Installation, Cali
bration and Operation, PKRG-3300 ENSCO 38" Instrumented 
Wheel Set Installation, Calibration and Operation and PKRG-
3800-TC On-track Test Phase I. 

8;1.3· . Ensure that instrumentation meets the requirements outlined in 
PKRG-3500 IITRI 36" Instrumented Wheel Set Installation, Cali
bration and Operation, and PKRG-3800-TC On-track Test 
Phase I. . 

8.2 On-track Testing 

TASK 
NUMBER PROCEDURE 

8.2.1. Ensure applicable perturbations have been verified .. 

8.2.1.1 Ensure pre-test sign off sheet PKRG~ 7002 has .been completed. 

8.2.1.2 This test will be performed on the Precision Test Track (PTT). 

8.2.3 Approach the test zone at a constant speed of 5 mph, + / - 1 mph. 
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NOTE 

ENSCO Wheel Set Data not valid below 10 mph. 

8.2.4 Record the wheel forces, mean roll angle and differences in roll 
between the ends for each truck for approximately 200 ft. before 
the test zone and continuously through the test zone. . 

CAUTION 

Stop testing before the car body peak-to-peak roll exceeds 6 degrees, 
any single wheel L/V exceeds 0.8, any axle sum L/V exceeds 1.3 or any 
vertical wheel load measures less than 10 percent of its static wheel load. 

8.2.5 . Run tests at constant speeds, increasing in increments of 5 mph, 
+ / - 1 mph until resonance is passed (expected resonance speed 13 
mph calculated); then, increase speeds in increments of 5 mph. 

8.2.6 Make two runs at each ·speed. In the Test Engineer's log, note the. 
speed at which resonance is reached. . 

8.2.7 Stop testing if an unsafe condition is encountered or wh,en the 
maximum speed of 60 mph is reached. 

8.2.8 Quality verify that the Twist and Roll Test is completed. , . 

8.3 Post Test 

TASK 
NUMBER PROCEDURE 

-
8.3.1 Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3800-TC. 

8.3.2 Perform Post Test Visual Inspection. 
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8.4 Test Tear Down 

TASK 
NUMBER PROCEDURE 

8.4.1 Remove the loaded buffer cars from the test consist,if necessary 

QA 
INITIAL 

for next test regime.· 

8.4.2 Quality verify that the Test Tear Down is completed. 

9.0 PITCH AND BOUNCE TEST 

9.1 Test Setup 

TASK 
NUMBER 

'P" .• 

PROCEDURE 

9.1.1 This test is to be preformed to the PIT located. between stations 
1716+00 and 1719+90. '. 

9.1.2 Ensure that the. buffer cars are coupled to the core test consist as . 
shown in Figure 3-2. ". . . 

9.1.3 Ensure that instrumentation meets the requirements outlined in . 
PKRG-3400 IITRI 38" Instrumented Wheel SetInsta1lation, Cali~ . 
bration and Operation,' PKRG-3300 ENSCO 38" Instrumented 
Wheel Set Installation, Calibration and Operation and PKRG-
3800-TC On-track Test Phase I. 

9.1.4 ,Ensure that instrumentation meets the requirements"outlined in, 
. PKRG-3500 IITRI 36" Instrumented Wheel Set Installation, Cali., 

bration and Operation, and PKRG-3800-TC On-track Test 
Phase I. . .' . 
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9.2 On-track Testing 

TASK 
NUMBER PROCEDURE 

9.2.1 _ Ensure applicable perturbations have been verified. 

9.2.1.1 Ensure pre-test sign off sheet PKRG-7002 has been completed. 

9.2.2 

9.2.3 

Approach the test section at a constant speed of 30 mph, + / - 1 
mph. Start recording test data approximately 200 ft. before the test 
section and continuou~~y' through the test section. 

Using the. information fed to the computer from the instrumented 
wheel sets,_ record the vertical wheel forces before and continuously 
through the test zone. 

CAUTION 

Stop testing when any wheel shows a vertical load of 
less than ,10 percent of its static load for 50 millisecond. 

9.2.4 Increase speed in increments of 5 mph until unsafe conditions are 
encountered, the resonance is passed or, a maximum of 60 mph is 
reached. Increments may be reduced to 2 mph when nearing reso
nance. Resonance is expected at 46 MPH .. 

9.2.5 Run the test twice at each speed. 

9.2.6 Quality verify that the Pitch and Bounce Test is completed. 
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9.3 Post Test 

TASK 
NUMBER PROCEDURE 

9.3.1 Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3800-TC. 

9.3.2 Perform Post Test Visual Inspectiori. 

10.0 DYNAMIC CURVING TEST 

10.1 Test Setup 

TASK 
NUMBER PROCEDURE. 

10.1.1 This test is to be conducted ·on the 10 degree curve (station 1 + 00 to 
3 + 50) of the wheel/rail mechanism (WRM) track. 

10.1.2 Ensure that instrumentation meets the requirements outlined in 
. PKRG-3400 IITRI 38" Instrumented Wheel Set Installation, Cali

bration and Operation, PKRG-3300 ENS CO 38" Instrumented 
Wheel Set Installation, Calibration and Operation and PKRG-
3800-TC On-track Test Phase I. . 

10.1.3· . :Ensure that instrumentation meets the requirements outlined in 
. I PKRG-3500 IITRI 36" Instrumented Wheel Set Installation, Cali

: bration and Operation, and PKRG-3800-TC On-track Test 
Phase I. 

. 10.2 On-track Testing 

. TASK 
NUMBER PROCEDURE 

10.2.1 Ensure TOM predictions have been completed. 
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10.2.2 Ensure applicable perturbations have been verified. 

10.2.3' . EI?-Sure pre-test sign off s.~~et PKRG-700i has been completed. 

CAUTION 

It shall be regard~d as unsafe if a wheel lifts, if any wheel " 
L/V exceeds 0.8, if the iIlJitantaneous sum of the absolute L/V values -

, of the individual wheels on any axle exceeds 1.3, or the car body roll 
exceeds 6 degrees peak-to-peak or minimum wheel load of 10 percent static. Stop the test 

. -before any of these conditions exist. , 
I' ,( 

10.2.4 Approach the test zone at a constant speed of 5 mph. 

NOTE 

ENSCO da,ta, not valid at speeds less than 10 mph. 

10.2.5 Start acquiring test data ap{>roximately 200 ft. before th~ test z~ne. 
Record the lateral and vertIcal wheel forces and the roll angle. 

"',' 

10.2.6 Increase speed in incre.ments of 2 mph until a maximum 32 mph is 
reached or an unsafe condition is encountered. 

10.2.7 Quality verify that the Dynamic Curving Test is completed. 

- 10.3 Post Test 

. TASK 
NUMBER , , PROCEDURE 

10.3.1 Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3800-: TC. 

10.3.2 Perform Post Test Visual Inspection. 
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10.4 Test Tear Down 

TASK 
NUMBER PROCEDURE 

10.4.1 Remove the loaded buffer cars from the test consist, if necessary 
for next test regine. 

10.4.2 Quality verify that the Test Tear Down is completed. 

11.0 TURNOUT AND CROSSOVER TEST 

11.1 Test Setup 

TASK 
NUMBER PROCEDURE 

11.1.1 Use whatever configuration t.he consist is in while traversing from 
one test section to the other. 

. 11.1.2 Ensure applicable perturbations have been verified. 

11.1.3 Ensure pre-test sign off sheet PKRG-7002 has been completed. 

11.1.4 This test will be performed on the turnouts and crossover on the 
RTI and TIT near Post 85. 

11.1.5 The Triplet Cars shall be run at 5 mph or less through a #7 car -
crossover with 13 feet track centers and through a 350 feet radius 
curve. The Triplet shall be stopped on the curve and the minimum 
clearance from strikers to coupler measured. 

'. ,; . 
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12.0 SPECIAL PERTURBATIONS 

12.1 :rest Setup 

TASK 
NUMBER 

',o!: r 

PROCEDURE 

12.1.1 If necessary, the consist may be run through special perturbations 
to be identified later., 

12.1.2 Test setup will be defined at that time. 
'. I • 

12.2 On-track Test 

TASK 
NUMBER PROCEDURE 

12.2.1 Test procedure and stop criteria will be identified later. 

12.3 Post Test 

TASK 
NUMBER < PROCEDURE 

12.3.1 Perform Post Test Cal per PKRG 3300,3400,3500 and 3800-TC. 

12.3.2 Perform Post Test Visual Inspection. 

-13.0 YAW AND SWAY TEST 

13.1 Test Setup 

TASK 
NUMBER PROCEDURE 

13.1.1 This test is to be conducted on section 21 ~ 00 to 26 + 00 of the PTT. 
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13.1.2 Reconfigure the 38" instrumented wheel sets by repeating Steps 
2.1.1 through 2.1.22 moving the Instrumented Wheel Sets from 
Axle 6 to Axle 7 and moving the Instrumented Wheel Set from 
Axle 2 to Axle 3 as shown in Figure 13-1. 

... 
Locomotive T-5 
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\ 
IrS-19 

38" 36" 
Buffer Cars As Required 

~~, =~~~.~.~. ~~"""". . ..' ~ 10;i:!) C::::::7 (!l;;01 , 
/ \ /", 

"S-17 "S-1 "S-18 "S-2 I+'S-20 

13.2 On-track Testing 

TASK 
NUMBER 

Figure 13-1 Core Test Consist 

PROCEDURE 

13.2.1 Ensure applicable perturbations have been verified. 

13.2.2 Ensure pre-test sign off sheet PKRG-7002 has been completed. 

13.2.3 Ensure Instrumented Wheel Sets have been reconfigUred as shown . 
in Figure 13-1. 

13.2.4 The initial test run is to be conducted at a constant speed of 20 mph 
and increasing in increments of 5 mph, + / - 1 mph until resonance 
is passed, then increase at 5 mph + /- 1 mph. 

13.2.5 Begin test data acquisition approximately 200 ft. before reaching 
the test section. 

PROCEDURE PKRG-7000 TRIPLEr 
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CAUTION 

It shall be regarded as unsafe conditions if the ratio 
of the total lateral forces on anyone side measured exceeds 

0.6 for a dur~t~on equivalent to 6ft. or any ~e sum L(y exc~eds 
1.3 for 50 nullIsecond.Stop the test when ,eIther condltlOn eXlsts. 

I • ,~ 

13.2.6 Rereat the test at speed increments of 2 mph, + /- 1 mph. The test;, 
wil continue until an unsafe condition is encountered, the reso- " 
nance is passed or the maximum speed of 60 mph is reached. 
Speed may be increased in increments of 5 mph when nearing 
resonance is passed. . . 

13.2.7 Qualityverify that the Yaw and Sway Test is completed . 

13.3 Post Test 

TASK 
NUMBER 

. ,;,'1, 

PROCEDURE 

13.3.1 Perform Post Test Cal per PKRG 3300,3400,3500 and 3800-TC. 

13:3.2 Perform Post Test Visual Inspection. 

14.0 TEST CAR UNLOADING 

TASK 
NUMBER PROCEDURE 

14.0.1 . Unload car per Procedure-8100-Triplet Cars 

PROCEDURE PKRG-7000 TRIPLET 
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15.0 TEST TEAR DOWN 

TASK 
NUMBER PROCEDURE . 

15.0.1 The'proceduref~r tear doWn of the ENSCO 38!'lnstrumented 
Wheel Sets is located in PKRG 3300, Section 5.0 through 5.1. 
Refer to this procedure and the applicable section to complete test 
tear down. 

15.0.2 . The procedure: for tear down of the IITRI 38" Instrumented Wheel 
Sets IS located in PKRG~3400, Section 6.0 through 6.1. Refer to 
this procedure and the applicable section to complete test tear 
down. 

15.0.3 The procedure for tear down of the IITRI 36" Instrumented Wheel 
Set. Is located in PKRG-3500, Section 7.0. Refer to this procedure 
and the applicable section to complete test te~r down. 

16.0 QUALI1Y VERIFICATION 

TASK 
NUMBER 

, ','. 

PROCEDURE 

16.0~ 1 Quality verified that Procedure PKRG-7000-Triplet Cars complete 
and closed. 

16.0.2 Authorized QA signature ------------------------
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1.0 DESCRIPTION 

PEACEKEEPER RAIL GARRISON 
PROCEDURE PKRG·3800· TC 

ON· TRACK TEST PHASE I TEST SETUP 

The purpose of this procedure is to outline the sequence of steps to be taken for the 
Rail Garrison On-Track Test Phase I Test Setup to be performed on three commercial 
span bolster cars (Triplet Cars).· ... . 

1.1 INDEX 

1.0. 
1.1 
1.2 
1.3 
1.4 
1.5 
2.0 
2.1 
2.2 
2.3 

2.4 

2.5 
2.6 

2.7 
3.0 
4.0 

Description 

Index 

Equipment List 

Figure List 

. Table List 

Reference List 

On-track Test Phase I 

Test Setup 

Instrumented Wheel Set Calibration Procedure 

Accelerometer Calibration Procedure for all Accelerometer Channels 

String Pot Calibration Procedure for all String Pots 

Rate Gyro Calibration Procedure for all Rate Gyro 

Strain Gaged Bending Beam Calibration Procedure for all Strain Gaged 
Bending Beams . 

Inclinometer Calibration Procedure for all Inclinometers 

Testing 

Quality Verification 

1.2 EQUIPMENT LIST 

a .. 4 ea. 

b. 2 ea. 

c. 8 ea. 

d. 1 ea. 

38" Instrumented Wheel Set Systems 

36" Instrumented Wheel Set Systems 

Junction Boxes 

Automatic Location Detector 
I 
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e. 1 ea. Wheel Tachometer 

f. 1 ea. IRIG-B Time Code Receiver 

g. ,1 ea. IRIG-B Decoder 

h. 4 ea. String Pot, . + / - I" range 

1. 8 ea. String Pot, + /- 5" range 

J. 4 ea. String Pot + /- 10" range 

k. 22 ea. Accelerpmeter + /- 5grange 

l. 4 ea. Accele~ometer + / - 15 grange 

m. 3 ea. Accelerometer + /- 25g range 

m.· 2 ea. Rate Gyro + / - ,8-degree range 

o. 1 ea. Instrumented Coupler, + /- 200 KIP r(inge 

p. 1 ea. Thermocouple, - 50 to + 100 degree Fahrenheit 

q. 2 ea. Inclinometer, + /- lO-degree range 

r. 2 ea. Strain Gage Bending Bar, + / - I" range 

s. lea. HP 9000 model 360 Computer System 

t. 1 ea. HP 6944A Multi-programmer 

u. 1 ea. Dot X 205 Rail Test Vehicle 

v. As needed Safety Equipment as required by TIC 

w. 1 ea. 

1.3 FIGURE LIST 

Figure 2-1 

1.4 TABLE LIST 

None 

Instrumented Coupler, + /- 1,000 KIP range 

Test Vehicle Configuration 

1.5 REFERENCE LIST 

PKRG-2100 Tnick Inspection Procedure 

PKRG-2200 Car Inspection Procedure 

PKRG-3100 

PKRG-3200 

PKRG-3300 

Instrumentation Installation Procedure 

Instrumentation Verification Procedure . 

ENSCO 38" Instrumented Wheel Set Procedure 
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PKRG-3500 

PKRG-3400 

AAR/TIC 

AAR/TIC 
MIOOI 

IITRI 36" Instrumented Wheel Set Procedure 

IITRI 38" Instrumented Wheel Set Procedure 

Instrumentation SOP NO. 024 9/89· 

Rate Gyro ~etup and Calibration Procedure 

Manual Of Standards and Recoriuriend Practices, C, Part II, Vol
ume I, Chapter XI 

Instrum 2702 Signal Conditioner Setup Procedure 

TIC Operation Rules for the Transportation Test Center, Pueblo, 
Colorado, AAR, November 1,1989 

Peacekeeper Rail Garrison Test Implementation Plan, (for appro
priate test car), Chapter XI Testing 
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NOTK 

All personnel involved in the performance of this procedure or observing the test(s) will 
comply with the TIC Safety Rule Book. .' . 

. . 

2.0 ON TRACK TESTING PHASE I TEST SETUP PROCEDURES, 

2.1 Test Setup Procedures 

TASK NUMBER PROCEDURE QAINITIAL 

2.1.1 Install instrumented wheel sets by following the instrumemed wheel· . 
set procedures PKRG-3500, PKRG-3400 and PKRG-3300. 

2:1.2 Couple test vehicle and locomotive to the Dot X 205 Rail Test 
VehIcle as illustrated in Figure 2-1. Comply with TIC Operating 
Rules. 

.... 
Locomotive T-5 

dJlJlii 11111111 1 c::J c::J c::J c::J c::J L ~=3 6='" ~ 
"tl 0;i0 08G ~ 0ii0 ~ ~ ~ . 

'. , . 

38" 
B'uffer Cars As Required 

36" , l I . [~~.~.~==~~ ~t;::::. ::;:;.~==~~r<===<::)iiI:!)---::.:--C=::::"------'7;r--~0ii0---::'~ 

.. Figure 2-1 Vehicle Configuration 

NOTE 

Calibration procedures will be accomplished at the start 
of each test day for all the following tasks. 
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2~ Instrumented Wheel Set Calibration Procedure. 
~ l ' 

TASK NUMBER PROCEDURE ' QAINITIAL 

2.2.1 

2.2.2' 

2.2.3 

2.2.4 

2.2.5 

Refer to procedure PKRG-3100 for completing the Test 
Configuration Data Sheet; Section 5.1-5.~. ," :-, -

Refer to the appropriate instrumented wheel set FIRcedure: PKRG-
3500 Installation, Calibration and Operation of I I 36" Instrum-
ented Wheel Sets. PKRG-3400 Installation, Calibration and 

, 'Operation of IITRI 38" Instrumented Wheel Set Procedure and 
PKRG-3300'Installation, Calibration and Operation of ENSCO 38" 
Instrumented Wheel Set Procedure. " 

Print checkout values and label Pre-test Instrumented Wheel Set 
Zeros.: - . 

Print checkout values and label Pre-test Instrumented Wheel Set 
RCAL. 

Quality verify wheel set calibration is complete. 

2.3' Accelerometer Calibration Procedure for all Accelerometer Channels. 

, - -

TASK NUMBER PROCEDURE QAINITIAL 

2.3.1 Refer to procedure PKRG-3100 for completing the Test Configuration 
Data Sheet, Section 5.1-5.8. , 

2.3.2 Refer to Test Measurement List for layout (18 sheets attached at end). 

2.3.3 Install accelerometers in accordance with AAR/TIC Instrumenta
tion SOP NO. 024 9/89 (attached at end). 

PKRG-3800-TC 
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2.3.4 Refer to Instrum 2702 Signal Conditioner Setup· Procedure 
for setup (Sections 8,9)~ . . . 

2.3.5 Monitor excitation and adjust excitation to voltage· specified in the· 
configuration data sheet to within + /- 10 mV.. ... 

2.3.6 Position the function knob to INPUT SHORT. 
! 

2.3.7 Adjust the DC offset of the conditioner to zero + /- 2 mY. 

2.3.8 Position the function knob to DATA mode. 

2.3.9 Adjust the balance potior zero volts + /- 10 mY. 

2.3.10 Place the function knob to the CAL mode positioIl. 

2.3.11 Verify cal output equals the configuration data sheet. 

·2.3.12 Place all accelerometers in the DATA mode, print out values and labelPre;"test 
Accelerometer Zeros. 

2.3.13 Place all accelerometers in the CAL mode, print out values and labeI:Pre,;test 
Accelerometer RCALS . 

. 2.3.14 Place all accelerometer channels back to the DATA mode. 

2.3.15 Quality verify all accelerometer calibration has been completed . 

. "---- --

PKRG·38OQ-TC 
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2.4 String Pot Calibration Procedure for all String Pots. 

TASK NUMBER PROCEDURE 

2.4.1 Refer to procedure PKRG-3100 for completing the Test 
Configuration Data Sheet, Section 5.1-5.8. 

2.4.2 Refer to Instrum 2702 Signal Conditioner Setup Procedure 
for setup (Section 9). . 

2.4.3 Monitor the excitation and adjust to + 10.0 VDC + /- 5 mY. 

QAINITIAL 

2.14.4 With the function knob in the INPUT SHORT position, adjust the DC offset of 
the conditioner to zero + / - 2 m V. . . 

2.4.5 Position the function knob to DATA mode. 

2.4.6 Adjust the balance pot for zero volts + /- 10 mY. 

2.4.7 With all the string pot channels in the DATA mode, print out values and label 
Pre-test String Pot Zero. 

2.4.8 Place all string pot channels in the CAL mode, then print out the values and 
label Pre-test String Pot RCALS. 

2.4.9 Place all string pot channels back to the DATA mode. 

·2.4.10 Qualify verify completion of string pot calibration. 

PKRG-3800-TC 7 



2.S Rate, Gyro Calibration Procedure for .all Rate Gyros.. i· 

TASK NUMBER PROCEDURE 

2.S.1 Refer to procedure PKRG-3100for completing the Test 
Configuration Data Sheet, Section S.1-S.8. 

QAINITIAL 

2.5.2 Mount gyros onto gyro rotation platform. Mount gyro platform at 
appropriate locations. 

2.S.3 Ensure 28 volt gyro rotation power is on. 

-2.S.4 Refer to Instrum 2702 Signal Conditioner Setup Procedure 
for setup (Section 9). 

2.S.5 Monitor the excitation voltage and adjust to + 10.00 VDC + /- 10 cl\( 

2.5.6 With the function knob in the INPUT SHORT position, adjust the DC offset of 
the conditioner to zero + /- 2 mY. ' \. 

2.S.7 Position the ,function knob to DATA mode. 

2.S.8· Adjust the balance pot for zero + /- 10 mY. 

2.S.9 

2.S.1O 

2.S.11 

1.79 

With all the gyro channels in th~ DATA mode, print out values and Jabel Pre~' 
test Gyro Zero. . " .' . 

Place all the gyro channels in the CAL mode, wait approximately one minute, 
then print. . .()ut the values and label Pre-test Gyro RCALS. 

Place all gyro channels back to the DATA mode. 
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2.5.12 Refer to AAR/TIC Rate Gyro Setup and Calibration Procedure and perform 
necessary steps for the gyro mtegrator unit. .. 

2.5.13 Quality verify that all gyro calibration has been completed. 

2.6 Strain Gaged Bending Beam Calibration Procedure for all Strain Gaged 
Bending Beams. 

TASK NUMBER PROCEDURE 

2.6.1 Refer to procedure PKRG-3100 for completing the Test 
Configuration Dfta Sheet, Section 5.1-5.8. 

2.6.2 Mount all strain gaged bending beams in accordance with 
AAR/TIC Instrumentation SOP NO. 0249/89. 

2.6.3 Refer to Instrum 2702 Signal Conditioner Setup Procedure 
for setup (Section 6). .. ... .. 

QAINITIAL 

2.6.4 Monitor the excitation voltage and adjust to + 10.00 + /- 10 mY. 

2.6.5 With the function knob in the INPUT SHORT position, adjust the DC offset of 
the conditioner to zero + /- 3 mY. 

2.6.6 Position the function knob to DATA mode. 

2.6.7 Adjust the balance pot for zero volts + /- 10 mY. 

2.6.8 With all the strain gaged bending beam channels in the DATA mode, print out 
values and label Pre-test Straiil Gaged Bending Beam Zero. 
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2.6.9 Place all the strain gaged bending beam channels in the' CAL mode; 'then print 
out the values and label Pre-test Strain Gaged Betiding Beam RCALS. 

2.6.10 Place all strain gaged bending beam channels back to the DATA :mode. 

2.6.11. Quality verify all couplers and strahi gages have been calibrated. 

2.7 Inclinomet,er Calibration Procedure for all Incl~nometers. 

TASK NUMBER PROCEDURE QAINITIAL 

2.7.1 Refer to procedure PKRG-3100 for completing the Test Configura
tion Data Sheet, Section 5.1-5.8. 

2.7.2 Mount all inclinometers. 

2.7.3 . Refer to Instrum 2702 Signal Conditioner Setup Procedure 
for setup (Section 9). . . . 

2.7.4 Monitor the excitation voltage and adjust to + 10.00 mY. 

2.7.5 With the function knob in the INPUT SHORT position, adjust the DC offset of 
the conditioner to zero + /- 2 mY. 

2.7.6 Position the function knob to DATA mode. 

2.7.7 Adjust the balance pot for zero volts + /- 10 mY. 

2.7.8 With allthe inclinometers channels in the DATA mode, print out values and 
label Pre-test Inclinometer Zero. 

PKRG-3800-TC 
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2.7.9· PI~ce all inclin<;>m,eter channels in the CAL mode" then printout the values and " 
'label Pre~test Inclin9meter,RCALS. 

2.7.10 ,Place all inclinometer channels back to the DATA mode. 

2.7.11 Quality verify inclinometer channels have been calibrated. 

3.0 ON-TRACK TESTING PHASE I 

TASK NUMBER PROCEDURE QAINITIAL 

3.1 Perform testing as required by individual vehicle test plan. 

4.0 QUALITY VERIFICATION 

, TASK NUMBER PROCEDURE QAINITIAL 

4.1 Quality verify that PKRG-3800-TC is complete and closed. 
4.2 Authorized QA signature _____________ _ 
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INSTURM 2702 SIGNAL _(::ONDITI()~KSETUP PROCEDURE 

I. INTRODUCTION: This procedl:lfeisprovid~d,aS a,supplement to 
the, Manufacture Instruction-M,e ·'.ualto"or~anize information 
required in everyday use of the~·. '.12 amplIfiers .. This procedure 
should allow instrumentation personnel not familiar with this equip
ment to setup and operate the hardware and make minor configura
tion changes needed in normal operation. 

* 
* 
* 
* 
* 
* 

* 

II. 

This sig~al conditioning is very flexible and can be ~onfigured for 
many types of transducers. . 

. .. . " 

This signal conditioning provides these features: 

Excitation-O to 30 DC volts operating voltage 
Amplification- Gain to 12500 times transducer out 
Filtering- 4 pole Bessel elimination of undesired data 
Common Mode Rejection- 120dB. With up'to 1000 ohms unbalance 
Calibration-:- Shunt or voltage insertion capability, .. ' . 

. B~lancing- Automatic and / or.manual correction for input" 
imbalance " ,. , ', ' 
I~p.ut Wiring- Plug in configuration cards for up to 10 wire input 
WInng. 

This document will concentrate' on c~nditionlng the most co~on 
type transduc,er now in use and will not attempt to replace the" 
instruction manual and its theory of operation.- , 

SYSTEM CONFIGURATION 
The Instrum 2702 system is ,composed of a 10 channel mainframe 
cabinet and amplifier modules with a front panel plug-in containing 
input configuration cards. This configuration card selects the type 
of balancing, calibration and input wiring scheme for each trans
ducer and will be discussed in more detail under each transducer 
type description 

PKRG-3800-TC 
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III ...... FRONT PANEL CONTROLS 
The amplifier controls and test points required for normal opera:.: 

· tion are allocated on the front panel except for the main frame 
power switch and fuse' on reat panel and output No.2 filter switch 
Inside the amplifiers right side cover. A brief description of the 
controls follows: 

· 1. Gain Switch Located on bottom center of front panel an~ 
provides fixed gain steps of 1,2,5, 1O,20,SO, 100,200,SOO, 1000,2000, 
and 5000. 

2. Variable Gain Switch Allows multiplying the fixed gain switch 
setting up to 2.S times. Use of this feature is indicated by a red 
LED on the lower left side of the instrument between the variable 
gain switch and variable gain screwdriver adjustment. (Use of 
variable gain is not recommended as.a standard procedure.) . 

3; . Filter Switch This switch near the bottom of the amplifier 
provides for selection of 1S,30,120, or 360 hz. For internal forth 
order Bessel output filters. The fifth position is W.B. or Wideband 
which bypasses any output 
filtering. 

4. Output Monitor This pair of test points monitors output 1 and 
is used to set up signal conditioner. 

S. . Excitation Switch. This locking toggle switch provides for . 
selection of 0-10, 10-20, and 20-30 volts DC and is located at the top 
of the front panel. 

6. Leyel Control This screwdriver ' adjustment varies the excitation 
· over the range selected by the excitation switch and is physically 

. , located right under the excitation switch: 

7. '. Ex Test Points These pin jacks monitor the excitation set by the 
level control and are on the left side of the front panel near the . 
middle. 

8. In Monitor Points These pin jacks monitor the amplifier input 
after all signal conditioning such as balancing, input filtering or 
attenuation is complete. These points are on the left side of the 
front panel in the model 20S9 plug-in. 
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9. Xd Monitor Points The pinjacks-monitor the transducer output 
prior to any conditioning and are located on the left side of the . . 
model 2059 plug-in module. ".. .. 

~" . . 
10. Mode Select Switch This four position switch located in the 
model 2059 plug-in module is used to short amplifier input and 
to adjust offset controls, energizins calibration relays; selecting auto 
balance function or normal ( data) mode. Note an extra, non-
operational positon exists in the clockwise direction.·· - . 

11..· Bal/Bias Adjustment. This 10k potentiometer is used with ;Rl 
( user supplied) to provide manual control of the input balance ( 
bias) voltage. This control might need adjustment to obtain proper 
auto balance range and fine balance. . . 

12.· Zero R TI Control. Provides mean of adjusting input stage DC 
offset when required. This adjustment is normally required after· 
maintenance or repair. 

13., Zero RTO Control This screwdriver adjustment is.for control 
of the amplifier final stage offset, if required, and is located on the 
lower left front panel. 

. IV. USER SUPPLIED COMPONENTS 
The model 2059 has provisions for soldering up to 10 resistors;':, 
capacitors or jumper wires to provide flexibility in "input circuits: . 
Specific purpose for each component will be listed under transducer 
type description. All components installed in these input circuits 
should be high quality, high stability parts to assure long term stable 
operation. . . 

V. GENERAL OPERATING SEOUENCE 
This section describes the riormal procedures used for most mea
surement setups. Specific transducers are discussed in the following 
paragraphs. 

1. Select transducer type and obtain calibration data. 

2. Obtain proper configuration card and transducer input cable for 
selected transducer type. 
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" 3. Start data acquisition set-up form. 

4. Install transducer using proper mounting technique for desired 
measurement. 

5. Install transducer cable to proper amplifier input conriector. 
. . 

6. Install plug-in module after verifying voltage range selector on 
proper range and correct resistors are installed. . 

, 7. Turn on amplifier power. 

8. Set desired excitation per cal~bration data manufactures data or 
test plan. . 

9. Place amplifier front panel control to short position and while 
monitoring output from froilt panel adjust RTO potentiometer to 
0.000+ /-.002 volts DC. 

10. Set ~ain to fixed range determined from test requirements and 
calibratlOn data. 

11. Set front panel control to auto balance. A slow blinking green 
LED on front panel indicates proper balancing. If blinking becomes 
rapid, an input problem such as: improper configuration card, wrong 
transducer wiring, or a bad transducer IS indicated correct this 
problem before proceedin~. If auto balance span is.toolimitedtry 
auto balance at a lower gam and reset gain if good 'null obtained. 

':, 12. After auto balance is achieved, as indicated by steady green 
LED, switch to data position and verify 'satisfactory balance. 
Bal/bias adjustment will allow fine setting if required. 

13. Switch to Cal position and record calibration output voltage on 
data acquisition form. 

14. Return front panel switch to data position. 

PKRG-3800-TC 
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vt FULL BRIDGE MEASURE,MENTS:· ..... ... . .... 
To use the 2702 with 4. leg or full bridge input transducers such as 
strain gage circuits, install anJIlstrUln type "H~lconfiguration card in 
the 2059 plug-in. Typical values for the plug-in and there 
functionS are listed below: 

'.' 

R1 lOOk ohms Balance Limit.. 
R2 Short Input filter 
C1 Open Input filter 
R3 Short Input filter· ,', . 
R4 Open Not Used' 
R5 Open Not Used ,,1 

R6 lOOk ohms Auto Balance Limit 
R7 Open Not Used 
R8 xxx. ohms Shunt Calibration' . 
R9 Open' Not Used ... 

~-J ), " 

The value of R8 to be determined from the transducer calibration 
data or from the following equations: 

Rgx 10(-6) 

Es=------
K x(Rsh + Rg) '. 

Eo= ElxKxEs ,'. L 

. 4 
. ',~ :.: 

Where Rsh=R8=ohms 
.' Rg = Gage~ oWns .. ' . 
. Es.= SimulatedJstrain 
K = Gage factor 
Eo = Bridge volts output 
E1 = Excitation. volts 

In setting up the signal conditioning, excitation should be deter~ 
mined from the manufacturer's power dissipation data for that type 
of measurement. The general rule is to use the highest excitation 
that gives the required stability, but never exceed the manufacture's 
safe excitation level. 

VII. LINEAR VARIABLE DIFFERENTIAL TRANSFORMER 
(LVDT) .. 
The signal conditioners are set up to provide excitation isolation 
and gain for DC powered,L VDTs by installing a type "K" Instrum 
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configuration card in the 2059 plug-in. Have these transducers set 
up for voltage substitution calibration and auto balancing. . 
.Typical values for user installed, components are listed below: 

Rl 
R2,R3 
Cl 
R4 
*R5 
R6 
R7 
RB 
R9 

10k ohms 
Short 
Open 
Open 
5k ohms 
10k ohms 
20k ohms 
1-20k ohms 
Short 

Main Balance Span 
Input Filter 
Input Filter 
Not Used 
Balance Range 
Auto Balance Limit 
Voltage Sub Divider 
Voltage Sub Divider 

* Should be 1 t.O 10k using lowest value needed to obtain balance 
span desired. 
Voltage sub can be calculated using the following equation. 

Vsub = RBxlO 
R7+RB. 

VIII. . SETRA 141A ACCELEROMETERS 
With the type "J" Instrum configuration card installed in the model 
2059 plug-in, and with proper selection of the user installed compo
nents, the 2702 will provide excitation, auto balancing ( + / - Ig 
input), gain, filtering and shunt calibration. The nominal values of 
user supplied components are as listed below for subject accelerom
eters. 

Rl,Ro 
.R5 
,-R2,R3· 
Cl 
RB 
R9 

20-100k ohms 
2k ohms 
Short 
Open 
lOOk ohms 
In4746A 

Balance Limiting 
Balance Span 
Input Filter 
Input Filter 
*see note 
Over-voltage Protection 

NOTE lOOk across calibration lead will provide approximately .1 
volt output. Actual voltage for each installed accelerometer should 
be accurately measured at the input and also referring to the cali-
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bration data determine the equivalent "g" reading." This resistor' 
value can be raised to simulate less output or lowered to produce 
more signal. 

Prior to installing the plug-in in the·amplifier, verify the excitation 
range switch is in the 0-10 volt position. Adjust excitation to 10.0 
volts and verify desired gain setting (50 or less). Switch selector to 
auto balance while monitoring output. Balance will be obtained in 
about 45 seconds. If the green LED blinks rapidly corrective action 
is required. Mter balance is obtained set switch to data or cal 
positlOn. Never leave in Auto position after switching from any 
other position or a new balance will be obtained. Any time auto 
balance is terminated prior to completion, the old balance setting is 
restored. In this configuration, the calibration output is added to 
the transducer output. Therefore if there is .02 vqlt unbalance or 
signal caused be grade or superelevation etc, the output will be 
equal to the cal voltage plus offset or .02 +.1 or .12 VDC. 

IX. POTENTIOMETER SERO ACCELEROMETER AND VOLT
AGE INPUT CONFIGURATION 
This configuration card (type "K") is the same used for the DC/DC 
L VDTs (section VII) but uses slight changes to 1he plug-in card 
com~onents. The main difference in usin~ it for voltage inputs is to 
elimmate the wiring input cabling to prOVIde excitation. This card, 
however, is designed to excite and accept inputs from almost any 
DC powered transducer~ Typical use for voltage input would be to 
buffer (isolate) signals from other systems. Typical values for the 
user installed components and there functions are listed below. 

R1,R6 
R2,R3 
CI 
R4 
R5 
R7 

50-lOOk ohms 
Short 
Open 
Open 
I-10k ohm 
10k minimum 
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RB 
R9 

l' 10k ohm 
'Short .', 
i' .~, 

Volt Sub Divider 
, Input Attenuation' 

*Use lowest value needed to obtain desired balance span. 

Voltage substitution (Vsub yean be. calculated usmg the formula: 

Vsub == RB x 10 
R7+RB 

x. AMPLIFIER ZERO AND INITIAL SETUP 
This section defines checking and adjusting the amplifier 
zero: 

T'Set frorit'panel control to 'short position. 

"2. Set gain to 1000 (fixed) anq note output No.1 Voltage. 

" '3. Switch to gain = 1 and note output. 

4. Adjust RTI control so that step 2 output = step 3 output. 

5. Repeat steps 2,3 and 4 until output is constant. 

6. Adjust output with RTO control for 0.000 + /- 1 mv Dc. 

7. If second output is being used and a offset is noted, refer to 
instruction manual for bench instruction procedure. 

PKRG-3800-TC 

1.90 

19 
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PEACEKEEPER RAIL GARRISON 
PROCEDURE PKRG·9000· TC 
ON· TRACK TEST PHASE II 

1.0 DESCRIPTION 

This procedure outlines the sequence of steps to conduct the On-Track Phase II Test 
at the Transportation Test Center·(TIC). The on-track testing consist of seven sub
tests: 

1. Hunting Test 
2. Constant Curving Test 
3. Spiral Negotiation Test 
4. Rock and Roll Test 
5. Pitch and Bounce Test 
6. Yaw and Sway Test 
7. Dynamic Curving 

One additional test, the Wayside Measurements, has been added for 
the Rail Garrison program. 

1.1 INDEX 

1.0 
1.1 

1.2 
1.3 

1.4 

1.5 
1.6 . 

2.0 
2.1 

2.2 
2.3 

2.4 

2.5 
3.0 

Description 

Index 

Equipment List. 

Figure List 

Table List 

Reference List 

Test Documentation List 

Pre-Test Setup for all Tests (Except Yaw and Sway) 

38" Instrumented Wheel Set Installation on the MLC 

36" Instrumented Wheel Set Installation on the Triplet Cars 

Coupling of the Test Car and the Instrumentation Car 

38" Instrumentation Checkout and Setup 

36il Instrumentation Checkout and Setup 

Lateral Stability on Tangent Track (Hunting) 

3.1 Test Setup 

3.2 On-track Test 

3.3 Post Test 
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4.0 Constant Curving Test 

4.1 Test Setup 

4.2 On-track Test 

4.3 Post Test 

5.0 Spiral Negotiation and Wheel Unloading 

5.1 Test Requirements 

6.0 Twist and Roll Test 

6.1 Test Setup 

6.2 On-track Test 

6.3 Post Test 

7.0 Pitch and Bounce Test 

7.1 Test S~tup 

7.2 
I.", , ' 

On-track Test 

7:3 Post Test 

8.0 , , Turnout and Crossover Test 

8.1 Test Setup 

9.0 , Special Perturbations 
'. ",' .C"_ , 

9.1 Test Setup 

9.2 On-track Test, 

9.3 Post Test 

10.0 Dynamic Curving 

10.1 Test Setup 

10.2 On-track Test 

10.3 Post Test 
, , 

" 11.0 " , 
Yaw and Sway Test 

11.1 Test Setup, 

11.2 Oil-track Test 

11.3 Post Test 

12.0 Test Car Unloading 

13.0 Test Tear Down 

14.0 Quality Verification 

PKRG-9000 ON-TRACK TC 2 
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1.2 EQUIPMENT LIST 

a. 4ea. IITRI Instrumented Wheel Sets 
r,' I 'I" . , " . 

b. 2ea. ENSCO Instrumented Wheel Sets . . 

c. 2ea. Single Roll Gyrometer 

d. 2ea. ~teral~ccelerometer 

e. 6ea. Strip Chart Recorder 

f. lea. Digitizer 
-,- " . 

g. 4ea. 100-Ton lacks 

h. lea. HP 360 Data Acquisition System 

1. 160ea. Signal Conditioner 

J. 4ea. Video Cameras 

k. M needed Wayside Measurements and ~gle of ~ttack 
:"l 

l. NI Safety Equipment as Requirep by TIC 
;. 

1.3 FIGURE LIST 

Figure 2-1 

Figure 2-2 

Figure 11-1 

Triplet and MLC Instrumented Whed Set Configuratiori' 

Core Test Consist 

1.4 TABLE LIST 

Table 4-1 

Yaw and Sway Instrumented WheeFSetCoruiguration 

Constant Curving Conditions Ma~rix 

1.S REFERENCE LIST 

PRKG 2200.... Car Inspection Procedure 

PKRG 3100.... Instrument Installation Procedure 

PKRG 3300..... ENSCO 38" Instrumented Wheel Sets Installation, Calibration and 
Operation . . 

PKRG 3400..... IITRI 38" Instrumented Wheel Sets Installation, 
Calibration and Operation 

PKRG 3500..... IITRI 36" Instrumented Wheel Sets Installation Calibration and 
Operation 

PKRG 3900-TC On~track Test Phase II Test Setup . 

PKRG 7001..... Test Sequence Chart 

PKRG 7002~.... Daily Pre-test Sign-off Sheet 
PKRG 8100..... Loading/Unloading Procedure for 36" Triplet Cars 

PKRG-9000 ON·TRACK TC 
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M1001.. ..... . Manual of Standards and Recomm~nded Practices, 
Secti~n C, Part II, .volume I, Chapter XI 

Peacekeeper Rail Garrison Test Implementation Plan, (for 
appropriate test car), Chapter XI Testing . 

TIC Operation Rules for the Transportation Test Center, 
. Pueblo, Colorado; AAR, November 1, 1989 

ENSCO Operating Manual 

. IITRI Operating Manual 

TICSafety Rule Book 

1.6 TEST DOCUMENTATION LIST 
,- ,.. ' 

None 

,,'.' 
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NOTE· • T-,"," 

All personnel involved in the performance oftliis procedure or 
observing the testes) will comply with the TfCSafety Rule Book. 

, • I ,'\: 

2.0 PRE-TEST SETUP FOR ALL TESTS (EXCEPT YAW AND SWAy) 

2.1 38" Instrumented Wheel Set Installation on MLC 

~ ,,-:' . \ . 

QA TASK 
NUMBER PROCEDURE . ,;' I .INI'nAL. 

2.1.1 Chock all B-end wheels. 

2.1.2 Disconnect the hand brake chain and air brake line. 

2.1.3 Ensure brake shoes and keys are removed from each instrumented 
wheel location. 

2.1.4 Remove all slack adjusters. 

2.1.5 Secure emergency brake chain. 

2.1.6 Mark the removed components defining location from which they 
were removed and store components for later reinstallation. 

2.1.7 Using two lOO-ton jacks at the jacking pad, jack the test car up 
approxiinately 12 inches to remove the A-end running gear assem
bly. 

2.1.8 Roll the span bolster and trucks away from the car. 

2.1.9 Lift thefront of the span bolster and place on blocks. 

PKRG-9000 ON-TRACK TC 
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2.1.10 Roll out Truck 4. 

2.1.11 Lift Truck 4 and remove the leading Axle 7 wheel set. 

2.1.12 Replace'the leading wheel set with the IITRI WS 17 Instrumented 
Wheel Set. Place wheel A on the left side of car. 

2.1.13 Roll the truck back under the span bolster. 

2.1.14 Lower the span bolster. 

2.1.15 Lift the rear of the span bolster and place on blocks. 

2.1.16 Roll out Truck 3. 

2.1.17 Lift Truck 3 and remove wheel set (Axle 5). 

2.1.18 Replace the leading wheel set with the ENSCO WS 1 Instrumented 
Wheel Set. Place wheel A on the left side of car. 

2.1.19 Roll the truck back under the span bolster. 

2.1.20 Lower the span bolster and replace the running gear assembly. 

2.1.21 Lower the jacks. 

2.1.22 Repeat Steps 2.1.1 through 2.1.21 for the B-end running gear 
assembly using IITRI WS 18 under Truck 2 (Axle 3) and ENSCO 
WS 2 under Truck 1 (Axle 1). 

PKRG-9000 ON-TRACK TC 6 



2.1.23 Quality verify the completion of the wheel set change out. 

2.2 36" Instrumented Wheel Set Installation on MLC 

TASK 
NUMBER 

2.2.1 Chock all A-end wheels. 

PROCEDURE 

2.2.2 Disconnect the hand break chain and air brake line on the lead 
Triplet Car. 

2.2.3 Ensure brake shoes and keys are removed from each instrumented 
wheel location. 

2.2.4 Remove all slack adjusters. 

2.2.5 Secure emergency brake chain. 

2.2.6 Mark the removed components defining location in which they 
were removed and store components for later installation. 

2.2.7 Using two lOO-ton jacks at the jacking pad,jack the test car up 
approximately 12 inches to remove the B-end running gear assem- . 
bly. 

2.2.8 Roll the span bolster and trucks away from the car. 

2.2.9 Lift the front of the span bolster and place on blocks.' 

2.2.10 Roll out Truck 2. 

PKRG-9000 ON-TRACK TC 
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2.2.11 Lift Truck 2 and remove the leading Axle 4 wheel set. 

2.2.12 Replace, the leading wheel set with the 36" IITRI Instrumented 
Wheel Set. Place wheel A on left side of car. 

2.2.13 Roll the truck back under tl}e span bolster. 

': > . 
2.2.14 Lower the span bolster and'replace the'running gear assembly: 

2.2.15 Lower jacks. 

2.2.16 Quality verify the completion of the wheel set change out as shown 
in Figure 2-1. 

2.2.17 Repeat all ~36" Instrumented Wheel Set Installation Procedures for' 
next 36" Wheel Set Triplet Car, replacing Truck 4 (Axle 8) with the 
IITRI 36" Instrumented Wheel Set. 

2.2.18 Quality verify the completion of the wheel set change out as shown 
in Figure 2-1. ' 

T -5 36" 

~ililllIll,~liIliliil,~ 1= = = = = ItS, I! !I ~ 
0iC 0-c!l 0iC 0ii3 GiiG @iiG. • • • • • • • 

WS-19 

,Figure 2-1 Triplet and MLC Instrumented Wheel Set Configuration 
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2.3 Coupling of the Test Car and the Instrumentation Car 

TASK 
NUMBER PROCEDURE· . 

CAUTION 

Restrict coupling speed to 3.5 mph .. 
", " .... ~' 

2.3.1 Couple the A-end of the loaded 36-inch Triplet Car to the T-S. 
Couple the B-end of the fully loaded MLC to. the lead Triplet Car 
and couple the A-end of the trailing loaded 36-inch Triplet Car to 
the MLC. Couple loaded 100-ton buffer cars to the test cars as 
required for braking. The number of buffer cars may be changed 
due to braking needs and stability of the buffer cars, as determined 
during testing. Couple all cars as shown in Figure 2-2 . 

... 
T -5 .36" 

.4flJ1!illt~tIW!llil~ 1: = = = ~I.I II II I~ .... 

QA 
INITIAL 

MLC 36" . . .'. . Buffer', Cars As Requ Ired 

J . 1,.·I!!I,l.J ·1 
CJi;C) ~ .................. (!)i;0~ ~. ::.. <:JiG C=-? <:JiG 

Figure 2-2 Core.Test Consist 

2.4 38" Instrumentation Checkout and Setup 

TASK 
NUMBER PROCEDURE 

2.4.1 Calibrate instrumentation in accordance with PKRG-3400 IITRI 
38" Instrumented Wheel Set Installation, Calibration and Opera
tion, PKRG-3300 ENS CO 38" Instrumented Wheel Set Installa
tion, Calibration and Operation and PKRG-j900-TC On-track Test 
Phase II Test Setup. ' 

" PKRG"9000 ON-TRACK: TC 
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2.S 36" Instrumentation Checkout and Setup 

TASK 
NUMBER· PROCEDURE 

2.5.1 Calibrate instrumentation in accordance with PKRG-3500 IITRI 
36" Instrumented Wheel Set Installation, Calibration and Opera- . 
tion and PKRG-3900-TC Qn~tI'a<;:k Test Phase II Test Setup. 

NOTE 

Test sequ~nce is arbitrary. The test 
sequence may be. dictated by track availability 

atTIC. . 

3.0 LATERAL STABILITY ON TANGENT TRACK (HUNTING) 

3;1 Test Setup 

TASK 
NUMBER PROCEDURE 

3.1.1 Ensure that buffer cars are coupled to the core test consist as 
illustrated in Figure 2-2. 

3.1.2 Ensure that instrumentation meets the requirements outlinedin 
PKRG-3400 IITRI 38" Instrumented WheelSet Installation, Cali
bration and Operation, PKRG-3300 ENS CO 38" Instrumented 
Wheel Set Installation, Calibration and Operation, and PKRG-
3900-TC On-track Test Phase II Test Setup. . 

3.1.3 Ensure that instrumentation meets the requirements outlined in 
PKRG-3500 IITRI 36" Instrumented Wheel Set Installation, Cali
bration and Operation, and PKRG-39QO:-TC On-track Test Phase II 
Test Setup. 

PKRG-9000 ON-TRACK TC 
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3.2 On-track Test 

. TASK 
NUMBER PROCEDURE 

NOTE 

Test to be conducted on 5,000 foot of dry tangenttrack on the 
RTT with Class 5 or better track(R39-R33). .. 

CAUTION 

Stop testing when lateral acceleration exceeds 1.0 g peak to peak 
or any maximum axle sum L/V exceeds ,1;3 for 50 millisecond. 

3.2.1.1 Ensure applicable perturbations have been verified. 

3.2.1.2 Ensure pre-test sign off sheet PKRG-7002 has been completed. 

3.2.2 During the initial 30 mph + j - 1 mph track conditioning run, keep 
the speed constant through the test zc;me. 

3.2.3 Start acquiring lateral acceleration data 200 - 300 ft. before reach
ing the test zone. The computer should be triggered by Automatic 
Location Device (ALD). 

3.2.4 Stop data acquisition 200 - 300.£t. beyond the test zone. 

3.2.4.1 Review test, ensure data is acceptable and indicates that the test 
can be continued. 

3.2.5 Increase speed in increments of 10 mph, + / - 1 mph, with each test. 
run, until approaching a critical point (80 percent of stop criteria) . 
(0.8 g peak to peak, 1.0 LjV); then, increase speed in increments of 
2 mph until a maximum test speed of 70 mph IS reached. 

PKRG-9000 ON-TRACK TC 
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3.2.6 In the Test En~ineer~s Log; note.,the speed at which the car sustains 
truck hunting, If hunting occurs. (Per Chapter XI criteria 1.0 g peak. 
to peak for 20 seconds). ". '. " , 

3.2.7 QualitY, verify that the test is completed. 

3.3 Post Test 

TASK 
NUMBER PROCEDURE 

3.3.1 Perforril Post Test Cal per PKRG 3300, 3400, 3500 and 3900-TC. 

3.3.2 Carman perform Post Test Visual Inspection of train. 

NOTE ' 
. . . . 

If defects are found, record on PKRG-2200. 

4.0 CONSTANT CURVING TEST 

4.1 Test Setup 

TASK 
NUMBER PROCEDURE 

4.1.1 Instrumentation for this test should be as per Section 2.0. 

4.1.2 Ensure that instrumentation meets the requirements outlined in 
PKRG-3400 IITRI 38" Instrumented Wheel Set Installation, Cali
bration and Operation, PKRG-3300 ENSCO 38" Instrumented 
Wheel Set Installation, Calibration and Operation and PKRG-
3900-TC On-track Test Phase IITest Setup. 

PKRG·9000 ON·TRACK TC 
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4.1.3 Ensure that instrumentation meets the requirements outlined in 
PKRG-3500 IITRI 36" Instrumented Wheel.set Installation, Cali
bration, and Operation, and PKRG~3900-TC On-track Test Phase' 
II Test Setup. 

4.1.4 Ensure that buffer cars are coupled to the core test consist as 
illustrated in Figure 2-2. 

4.2 On-track Test 

TASK 
NUMBER 

CAUTION 

Restrict coupling speed to 3.5 mph. 

PROCEDURE 

4.2.1 This test utilizes three different degrees of curvature and superele
vation (7.5-, 10-, and 12-degree with 4, 3.4 and 5 inches of superele
vation respectively) available on the WRM track. 

QA 
INITIAL 

4.2.1.1 Ensure applicable perturbations have been verified by the use of an 
optical transit and automatic levels. ---

4.2.1.2 Ensure pre-test sign off sheet PKRG-7002 has,been completed. 

4.2.2· Determine the test run speed by equation:· 

V ~ ) 1480 (U ; H) . 

Where: . U = unbalanc~ in inches,,' 
H = superelevation in inches , 
D = degree of curvature ' 

4.2.3 For U = -3. 0, and 3 inches of unbalance. 

PKRG-9000 ON-TRACK TC 
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NOTE 

Track speed may be lower than the calculated speed for the + 3 inches. 
If this condition exists use the track speed limit., The speed calculated 

for the -3 inches may ,be zero or less. If this condition exists use a 
negative difference from the balance. equal to the positive difference 

- for the + 3 Inches. ' 

CAUTION 

Stop testing when any L/V exceeds .8 
or any axle sum L/V exceeds 1.3 for a period 

greater than 5 percent of time in steady state curving. 

4.2.4 . Operate the test consist at a constant speed for each condition 
shown in Table 4-1 (speeds shall be + /- 1 mph). Start testing with 

, underbalance, then balance speed, ending with overbalance speed. 
For safety, additional intermediate speeds may be run. 

Table 4-1 Constant Curving Conditions Matrix 

I I SUPER I BALANCE 
II +3 INCH II -DEGREE ELEVATION 'SPEED 

7.5 3 24.0 32.0 

10 3.4 24.0 32.0 

12 5 25.0 32.0 

• This speed is -2 inch unbalance; -3 inch is 0 mph 

4.2.5 With each test run, record data 200 - 300 ft. before the curve and 
through the length of the body of the curve. The computer should 
be triggered by the ALD. 

4.2.5.1 Repeat Step 4.2.4 for opposite directions._ 

- 4.2.6 Quality ve'rify that the test matrix is complete. 
, .. -; 
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4.3 Post Test 

TASK 
NUMBER PROCEDURE 

4.3.1 Perforrri Post Test Cal per PKRG 3300,3400, 3500·and3900-TC. 

4.3.2 Carman perform Post Test Visual Inspection of train. 

NOTE 

If defects are found then record on PKRG-2200. 

5.0 SPIRAL NEGOTIATION AND WHEEL UNLOADING 

5.1 Test- Requirements 

TASK 
NUMBER PROCEDURE 

5.1.1 This test will run concurrently ~th the Constant Curving Test. 

5.1.2 . Ensure applicable perturbations have been verified. 

5.1.2.1 Ensure pre-test sign off sheet PKRG-7002 has been completed. 
, ~ . 

5.1.3 Record data while running through the spirals on the WRM during 
the:curving test. . .' 

CAUTION 

Stop testing when the vertical wheel force·is less than 
10 percent static wheel load or any wheel L/V 

exceeds 0.8 for 50 millisecond. 

5.1.4 Quality verify that the test is complete. 

216 
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6.0 lWIST AND ROLL TEST " 

6.1 Test Setup 

TASK 
NUMBER " , PROCEDURE 

6.1.1 Ensure that buffer cars are coupled to the core test consi~t as 
shown in Figure 2-2. , 

6.1.2 ,Ensure that instrumentation meets the requirements outlined in 
PKRG-3400 IITRI 38" Ihstrumented Wheel Set Installation, Cali
bration and Operation;~ PKRG-3300 ENSCO 38" Instrumented 
Wheel Set Installation, Calibration and Operation and PKRG-
3900-TC On-track Test Phase II Test Setup. 

6.1.3 Ensure that instrumentation meets the requirements outlined in 
PKRG-3500 IITRI 36" Instrumented Wheel Set Installation, Cali-

" QA 
INITIAL 

bration, and Operation, and PKRG-3900-TC On-track Test Phase II __ _ 
Test Setup. 

6.2 On-track Test 

TASK 
NUMBER 

I 

PROCEDURE 

6.2.1. Ensure applicable perturbations have been verified by the use of an 
optical transit and automatic levels. 

~. :1 

6.2.1.1 Ensure pre-test sign off sheet PKRG-7002 has been completed. 

6.2.1.2 ,This test will be performed on the Precision Test Track (P1T). 

6.2.3, ,Approach the test zone', ata C()nstant speed of 5 mph, + / - 1 mph. ' 

> _ r'" . " • l • ~ \ I ; 
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NOTE 

ENSCO Wheel Set Data not valid below 10 mph. 

6.2.4 Record the wheel forces, mean roll angle and differences in roll 
between the ends for each truck for approximately 200 ft. before 
the tes,t zone and continuously through the test zone. . . 

CAUTION 

Stop testing before the car body peak-to-peak roll 
exceeds.6 degrees, any single wheel L/V exceeds 0.8, 

any axle sum L/V exceeds 1.3 or any ve.rtical wheel load 
measures less than 10 percent of its static wheel load. 

6.2.5 Run tests at constant speeds, increasing in increments of 5 mph, 
+ / - 1 mph until r,esonance is passed (expected resonance speed 13 
mph + / - 1 mph for MLC and 16 mph for + / -1 mph Triplet Cars 
calculated); then, increase speeds in increments of 5 mph + /- 1 
mph. . 

6.2~6 In the Test Engineer's log note the speed at which resonance is 
reached. . 

6.2.7 Stop testing if an unsafe condition is encountered or when the. 
maximum speed o~ 60 mph is reached. ,. 

6.2.8 Quality verify that the Twist and Roll Test is completed. 

6.3 Post Test 

TASK 
NUMBER PROCEDURE 

6.3.1 Perform Post Test Cal per PKRG 3300,3400,3500 and 3900-TC. 

6.3.2 Carman perform Post Test Visual Inspection of train. 

PKRG-9000 ON:TRACK TC 
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,:,:;,."NOTE 

. If defects are found then record on PKRG-2200. 

7.0 PITCH AND BOUNCE TEST 

7.1 Test Setup 

TASK 
NUMBER . PROCEDURE 

7.1.1 This test is to be performed to the P1T located between stations 
1716+00 and 1719+90. 

7.1.2 Ensure that the buffer cars are coupled to the core test consist as 
shown in Figure, 2-2. -

7.1.3 Ensure that instrumentation meets. the requirements outlined in ' 
PKRG-3400 IITRI 38" Instrumented Wheel Set Installation, Cali
bration and Operation, PKRG-3300 ENSCO 38" Instrumented 
Wheel Set Installation, Calibration and Operation and PKRG-
3900~ TC On-track Test Phase II Test Setup. 

7.1.4 Ensure that instrumentation meets the requirements outlined in ' 
- PKRG-3500 IITRI 36" Instrumented Wheel Set Installation, Cali-

QA 
INITIAL 

bration and Operation, and PKRG-3900~ TC On-track Test Phase II __ _ 
Test Setup.--" 

7.2 On-track Test 

TASK 
NUMBER PROCEDURE 

7.2.1 Ensure applicable perturbations have been verified. 

7.2.1.1 Ensure pre-test sign off sheet PKRG-7002 has been completed. 

" PKRG·90000N·TRACK TC 
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I 

7.2.2 

7.2.3 

Approach the test section at a constarit speed of 30 mph, + / - 1 
mp~. Start reco~ding test data approximately .200 ft.. before the test 
sectIOn and contmuously through the~est sectIon. '. 

Using the information fed to the compllter from theinstrumented , 
wheel sets, record the vertiCal wheel forces before and continuously 
through the test zone. . 

CAUTION 

Stop testing when any wheel shows a vertical load of 
less than 10 percent of its static load for 50 millisecond. 

7.2.4 Increase speed in increments of 5 mph + / - 1 mph until unsafe con
ditions are encountered, the resonance is passed or, a maximum of 
60 mph + / - 1 mph is reached. Increments may be reduced to 2 
mph + / -1 mph when nearing resonance. Resonance is expected at 
46 mph + / - 1 mph. -' . 

7.2.5 Quality verify that the Pitch and Bounce Test.is .completed . 

7.3 Post Test 

TASK 
NUMBER 

. ;' 

PROCEDURE ',.'; 

7.3.1 Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3900-TC. 

7.3.2 Carman perform Post Test Visual Inspection of train. 

NOn: 
.. 1::-:',' 

If defects' are found;record"on PKRG-2200. 

",''1'-
" , " , 
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8.0 TURNOUT AND CROSSOVER TEST 

8.1 Test Setup 

TASK 
NUMBER· PROCEDURE 

8.1.1 

8.1.2 

8.1.3 

8.1.4 

8.1.5 

8.1.6 

Use whatever configUration the consist is in while traversing from 
one test section to the other. . . 

Ensure applicable perturbations have been verified. 

Ensure pre-test sign off sheet PKRG-7002 has been completed. 

This test will be performed -on the turnouts and crossover on the 
RTf and TIT near post 85. . 

The Triplet Consisit shall be run at 15 mph or less through a#10 
car crossover with 13 feet track centers and through a 350 feet 
radius curve. The Triplet Consist shall be run through a # 8 
turnout at 5 mph or less . 

. Quality verify that the Turnout and Crossover Test is completed. 

9.0 SPECIAL PERTURBATIONS 

9.1 Test Setup 

TASK 
NUMBER PROCEDURE 

9.1.1 If necessary, the consist may he run through special perturbations 
to be identified later.. . -

PKRG-9000 ON-TRACK TC . 
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9.1.2 Test setup will be defined at that .time. 

9.2 On-track Test 

TASK' 
NUMBER PROCEDURE . 

~ T \ • 

. ~' 

9.2.1 Test procedure and stop criteria will be identified later. 

9.3 Post Test 

TASK 
NUMBER PROCEDURE 

9.3.1 . Perform Post Test Cal per PKRG 3300,3400,3500 and 3900-TC. 

- . ,~ . . 

9.3.2 Carman perform Post Test VisualInspectionoftrain. , 

NOTE. 
., 

If defects are found then record.on PKRG .. 2200. . 

10.0 DYNAMIC CURVING TEST 

10.1 Test Setup 

TASK 
NUMBER PROCEDURE 

10.1.1 This test is to be conducted on the 10-degree curve (station 1 + 00 to 
3 + 50) of the wheel/rail mechanism (WRM) track. ' 

10.1.2 Ensure that instrumentation ,meets ,the requirements outlined in 
PKRG 3400 IITRI 38" Instrumented Wheel Set Installation, Cali-

PKRG-9000 ON-TRACKTC 
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brationand Operation, PKRG 3300 ENSCO 3~" instrumented 
Wheel Set Installation, Calibration and Operation, PKRG 3900-TC 
On-Tra~k Test Phase II Test Setup. . 

10.1.3 Ensure that the instrumentation meets the requirements outlined in 
PKRG-3500 IITRI 36" Istrumented Wheel Set Installation, Calibra
tion and Operation and PKRG-3900-TC On-Track Test Phase II 
Test Setup. .-

10.2 On-Track Testing 

TASK 
NUMBER PROCEDURE 

10.2.1 This test will be run in both the clockwise and counterclockwise 
directions. . 

10.2.2 Ensure applicable perturbations have been verified. 

10.2.3 Ensure pretest sign off sheet PKRG 7002 has been completed. 

CAUTION 

It shail be regarded as unsafe if any wheel L/V exceeds 
1.1 for greater than 50 milliseconds for speeds of 20 ml>h 

or less, if any wheel L/V exceeds 1.0 for greater than 50 milhseconds 
for speeds greater than 20 mph or if any car body roll angle exceeds 

QA 
INITIAL 

6 degrees peak-to~peak. Stop the test when any of these conditions exist. 

10.2.4 Approach the test zone at a constant speeq of 10 MPH .. 

10.2.5 Start acquiring test data aPl>roximately 200 ft. before the test zone. 
Record the lateral and vertIcal wheel forces and the roll angle. 

10.2.6 Increase speed in 2 mph increments until a maximum of 32 mph is 
reached or an unsafe condition is encountered. 
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10.2.7 Quality verify that the Dynamic Curving test is completed. 

10.3 Post Test 

TASK 
NUMBER PROCEDURE 

" 

10.3.1. Perform Post Test Cal per PKRG 3300, 3400, and 3900-TC. 

10.3.2· Perform Post Test Visual Inspection. 

11.0 YAW AND SWAY TEST 

11.1 Test Setup 

TASK 
NUMBER PROCEDURE 

11.1.1 This test is to be conducted on section 21 + 00 to 26 + 00 of the PTf. 

11.1.2 
I 

Reconfigure the 38" Instrumented Wheel Set by repeating Steps 
2.1.1 through 2.1.22 moving the Instrumented Wheel Set from Axle 
6 to Axle 7 and moving the Instrumente,d Wheel Set from Axle 2 to 
Axle 3 as shown in Figure 11-1. 

T -5 36" 

~iI"lIIli ~11II,l1 = = = = = I ~!I! 'I ~ .tj 00G 00G ~.tj 00;0 0iiG ~ 0i;G 0iG. . . • I ~ 
• I 

W5-19 

QA 
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MLC 36" . Buffer Cars As ReqUired 

J ·1,~n!I!I~J: I r~ ... n"?r ~. ~ (!)iG '===? (!)iG 

W5-17 5-1 5-18 W5-2 W5-20 

Figure 11·1 Yaw and Sway Instrumented Wheel Set Configuration 

PKRG-9000 ON·TRACK TC 

224 

23 



11.2 On-track Test 

TASK 
NUMBER' PROCEDURE 

11.2.1 Ensure applicablepenturb!ltions have been verified~ 

11.2.2 ,En~ure pre-test sign off sheet PKRG-7002 has been completed. 

11.2.3 Ensure Instrumented Wheel Sets have been reconfigured as shown 
in Figure 11-L '" 

11.2.4 Ensure that the buffer cars are coupled to the core test consist as 
shown in Figure 11.1. 

11.2.5, The initial test run is to be conducte,d at.a constant speed of 20 mp'h 
+ /.:. 1 mph and increasing in increments of 2 mph, + /- 1 mph untIl 
resonance is passed, then incr~ase atS mpb+/- 1 mph. ,,' 

11.2.6 Begin test data acquisition approximately 200 ft before reaching 
the test section. 

CAUTION 

It shaH be regarded as unsafe conditions 
if the ratio of the total lateral forces on anyone 

side measured. exceeds O~6~for'a duration egu~valent to 6.ft. 
or any axle sum LfV ~xceeds 1.3 for 50 millisecond. 

Stop the testwhe'~',eitlter con(}ition exists 
• 'I" :,::' - ;' .' "",': ; .-

11.2.7 Repeat the test at speed increments of 2 mph, + /- 1 mph. The test 
will continue until an unsafe condition is encountered, the reso
nance is passed or the maximum. speed of 60 Il1Ph + /- 1 mph is 
reached. Speed may be increasedjin incren1ent~ of 5 mph + j- 1 , 
Plph when resonance is passed.' " , , , , .' 

;ff .: I. 

11.2.8 Quality verify that the Yaw and Sway Test is completed. 
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11.3 Post Test 

TASK 
NUMBER PROCEDURE' 

11.3.1 Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3900-TC,,' 

11.3.2 Carman perform Post Test Visual Inspection of train. 

NOTE " 

If defects are found then record on PKRG-2200. ' 

12.0 TEST CAR UNLOADING ' 

TASK 
NUMBER PROCEDURE ' 

12.0.1 Unload car per Procedure-8100-Triplet Cars 

12.0.2 Quality verify unloading. 

13.0 TEST TEAR DOWN 

TASK 
NUMBER PROCEDURE, ' 

, , 

13.0.1 The procedure for tear down of the EN$c:D 38,,'Instrumented 
Wheel Sets is located in PKRG3300, Section 5.0 through 5.1. 
Refer to this procedure and the applicable section to complete test 
tear down. 

13.0.2 The procedure for tear down of the IITRI 38" Instrumented Wheel 
Sets IS located in PKRG-3400, Section 6.0 through 6.1. Refer to 
this procedure and the applicable section to complete test tear 
down. 

PKRG·9000 ON-TRACK TC 

226 

QA 
INITIAL 

QA 
INITIAL 

QA 
INITIAL 

25 



13.0.3 The procedure for tear down of the IITRI 36" Instrumented Wheel 
Set. Is located in PKRG-3500, Section 7.0. Refer to this procedure 
and the applicable section to compJete test tear dowri. 
•• "J- 1,' '. 

13.0.4 Carman perform car inspection PKRG-2200 .. 

13.0.5 If required, perform internal inspection of the MLC by removing 
section(s) of the roof. . 

14.0 QUALITY VERIFICATION . 

TASK 
NUMBER 

. ,-,~ , : 

~, \~-

PROCEDURE 
QA 
INITIAL 

14.0.1 Quality verified that Procedure PKRG-9000-TC On-track Test Phase II . 
Test Setup complete and closed. . 

14.0.2 Authorized QA signature ------------------------
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PEACEKEEPER RAIL GARRISON 
PROCEDURE PKRG-3900-TC 

ON-TRACK TEST PHASE II TEST SETUP 

1.0 DESCRIPTION 

The purpose .of this procedure is to outline the sequence of steps to be taken for the 
Rail Garrison On-Track Test Phase II Test Setup to be performed on two commercial 
span bolster cars (Triplet Cars) and the Missile Launch Car (MLC). 

1.1 INDEX 

1.0. 

1.1 

1.2 

1.3 

1.4 
1.5 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

- 3.0 

4.0 

Description 

Index 

Equipment List 

Figure List 

Table List 

Reference List 

On-track Test Phase II 

Test Setup 

Instrumented Wheel Set Calibration Procedure 

Accelerometer Calibration Procedure for all Accelerometer Channels 

String Pot Calibration Procedure for all String Pots 

Rate Gyro Calibration Procedure for all Rate Gyro 

Strain Gaged Bending Beam Calibration Procedure for all Strain Gaged 
Bending Beams 

Inclinometer Calibration Procedure for all Inclinometers 

Testing 

Quality Verification 
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1.2 EQUIPMENT LI.ST 

a. 4 ea. 

b: 2 ea. 

c. 8 ea. 

d. 1 ea. 

e. 1 ea. 

f. 1 ea. 

g. 1 ea. 

h. 4 ea. 

1. 8 ea. 

j. 4 ea. 

k. 22 ea. 

l. 4 ea .. 

m. 3 ea. 

m. 2.ea. 

o. 1 ea. 

p. 1 ea. 

q. 2 ea. 

r. 2 ea. 

- s. 1 ea. 

t. 1 ea. 

u. 1 ea. 

v. As needed 

w. lea. 

1.3 FIGURE LIST 

38" Instrumented Wheel Set Systems . 

36" Instrumented Wheel Set Systems 

Junction.Boxes"; , 

Automatic Locati()n' Detector 

. Wheel Tachometer 

IRIG-B Time Code Receiver' 

. IRIG-B Decoder 

String Pot, + I-l"-'range 

StdngPot, + 1-'5":range 
String Pot + j - 10" range 

Accelerometer + j- Sg range 

Accelerometer. -t. j - 1Sg range 
r ,." 

Accelerometer + j- 2Sg range 

Rate Gyro :+ j:-. S degree range 

Instrumented Coupler, + j - 200 KIP range 

Thermocouple, - SO to + 100 degree Fahrenheit 

Inclinometer, + j- lO-degree range 

Strain Gage Bending Bar, + j- 1" ranie 

HP 9000 model 360 Computer System 

HP 6944A Multi-programmer 

Dot X 20S Rail Test Vehicle' 

Safety Equipment as required by TIC 

In~trumented Coupler, + /- 1,000 KIP range 

Figure 2-1 Test Vehicle Configuration 

1.4 TABLE LIST 

None 

230 
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1.S REFERENCE LIST 

PKRG-2100 Truck Inspection Procedure 

PKRG-2200 

PKRG-3100 

Car Inspection Procedure 

Instrumentation Installation Procedure. 

PKRG-3200 Instrumentation Verification Procedure 

PKRG-3300 ENSCO 38" Instrumented Wheel Set Procedure -" 

PKRG-3500 

PKRG-3400 

AAR/TtC 

AAR/TIC 

MlO01 

IITRI 36" Instrumented Wheel Set Procedure 

IITRI 38" Instiumented.Wheel Set Procedure 

Instrumentation SOP NO.024 9/89 

Rate Gyro Setup and Calibration Procedure 

Manual Of Standards and Recommend Practices, C, Part II, 
Volume I, Chapter XI . 

Instrum 2702 Signal Conditioner Setup Procedure 

TIC Operation Rules for the Transportation Test Center, Pueblo, 
Colorado, AAR, November 1, 1989 

Peacekeeper Rail Garrison Test Implementation Plan, (for appropri-
ate test car), Chapter XI Testing . 
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. r ..• ·.·J~OrE 
All personnel involved in the performance of this 

"procedure or observing the test(s) will comply with the TIC ' 
. .. . Safety Rule Book.' . 

L i... " 

.'{, L 

2.0 ON TRACK TESTING PHASE II TEST SETUP PROCEDURES . 

.. 
2.1 Test Setup Procedures: . 

, • ". :: : I I , ~, 

1~' ~ ;.. I' \ 

TASK NUMBER PROCEPURE QAINITIAL 

2.1.1 Install instrumented wheel sets by following the instrumented wheel 
set procedures PKRG-3500, PKRG-3400 and PKRG-3300. 

2.1.2 Couple test vehicle ahdlocotAotiveto the Dot X 205 Rail Test ... 
VehIcle as illustrated in Figure 2-1. Comply with TIC Operating 
Rules. 

; ",:, . .".; .,J':"',' 

III 

Figure 2-1 Vehicle Configuration 

NOTE 

Calibration procedures will be accomplished at the start 
of each test, day for all'tnefollowing tasks. .' 

.' ':'- . )' 
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2.2 Instrumented Wheel Set Calibration Procedure. 

TASK NUMBER PROCEDURE . 

2.2.1 Refer to procedure PKRG-3100 for completing the Test 
Configuration Data Sheet, Section 5.1-5.8 .. 

QAINITIAL 

2.2.2 Refer to the appropriate instrumented wheel set procedure: PKRG-
3500 Installation, Calibration and Operation of IITRI 36" Instrum
ented Wheel Sets. PKRG-3400 Installation, Calibration and Operation 
of IITRI 38" Instrumented Wheel Set Procedure and PKRG-3300 
Installation, Calibration and Operation of ENSCO 38" Instrumented 
Wheel Set Procedure. 

2.2.3 Print checkout values and label Pre-test Instrumented Wheel Set 
Zeros. .' 

2.2.4 Print checkout values and label Pre-test Instrumented Wheel Set 
RCAL. 

2.2.5 Quality verify wheel set calibration is complete. 

2.3 Accelerometer Calibration Procedure for aU Accelerometer Channels. 

TASK NUMBER PROCEDURE QAINITIAL 

2.3.1 Refer to procedurePKRG-3100 for completing the Test Configuration 
Data Sheet, Section 5.1-5.8. 

2.3.2 Refer to Test Measurement List for layout (18 sheets attached at end). 

2.3.3 Install accelerometers in accordance with AAR/TIC Instrumenta
tion SOP NO. 024 9/89 (attached at end). 

PKRG-3900 ON-TRACK TC 
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2.3.4 Refer to Instrum 2702 Sig"nal Conditioner Setup Procedure 
for setup (Sections 8,9). 

2.3.5 Monitor excitation and "adjust excitation to voltage-specified in the .. 
configuration data sheet to within +/-lOmv. .." : . 

2.3.6 Position"thefunction knob to INPUT SHORT. 

2.3.7 Adjust the DC offset ofJhe conditioner to.zero + h 2 mV; 
, ~.., ',' 

2.3.8 Position the function knob to DATA mode. 

2.3.9 Adjust the balance pot for zero volts .+ / - 10 mv. 

2.3.10 Place the function knob to the CAL mode position. 

2.3.11 Verify cal output equals the configuration data sheet. 

I.' 

2.3.12 Place all accelerometers in the DATA mode, print out values and label Pre-test 
Accelerometer Zeros. .' 

2.3.13 

2.3.14 

I' ~ 

Place all accelerometers in the CAL mode, prInt out values and label Pre-test 
Accelerometer RCAL's. 

Place all accelerometer channels back to the DATA mode. 

2.3.15 Quality verify all accelerometer calibration has been completed: 

'\ 
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2.4 String Pot Calibration Procedure forallStrjl,1g Pots. 

TASK NUMBER PROCEDURE 

2.4.1 Refer to procedure PKRG-3100 fOr cO!l1pleting the Test 
Configuration Data Sheet, Section 5.k5:.8. 

2.4.2 Refer to Instrum 2702 Signal Conditi()n~r Setup Procedure 
for setup (Section 9). . .. 

2.4.3 Monitor the excitation a~d adjust to '+ 10.0 VDC + / - 5 m V. 

QAINITIAL 

2.4.4 With the function knob in the INPUT SHORT position, adjust the DC offset of 
the conditioner t6 zero + /- 2 mY. 

2.4.5 Position the function knob to DATA mode. 

2.4.6 

2.4.7 

2.4.8 

2.4.9 

~ I "" 

".'," L • 

Adjust the balance pot for zero volts + /- 10 mY. 

With all the string pot channels in the DATA mode, print out values and label 
Pre-test String Pot Zero. 

Place all string pot channels in the CAL mode, then print out the values and 
label Pre-test String Pot RCAL's. 
. !.- • 

Place all string pot channels back to the DATA mode. 

2.4.10 Qualify verify completion of string pot calibration . 

. : j " 
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2.5 Rate Gyro Calibration Procedure for all Rate Gyros . 

. TASK NUMBER PROCEDURE 

2.5;1 Refer to procedure PKRG-3100 for· completing the Test 
Configuration Data Sheet, Section S.l-S.8. 

QAINITIAL 

2.S.2 Mount gyros onto gyro rotation platform. Mount gyro platform at 
appropriate locations. 

2.S.3 Ensure 28 volt gyro rotation power is on. 

2.S.4 Refer to Instrum 2702 Signal Conditioner Setup Procedure 
for setup (Section 9). 

2.S.S Monitor the excitation voltage and adjust to + 10.00 VDC + /- 10 mY. 

2.S.6 With the function knob in the INPUT SHORT position, adjust the DC offset of 
the conditioner to zero + /- 2 mY. 

2.S.7 Position the function knob to DATA mode. 

2.S.8 . Adjust the balance pot for zero + /- 10 mY. 

2.5.9 With .a11 the gyro channels in the DATA mode, print out values and label Pre
test Gyro Zero. 

2.5.10 Place all the gyro channels in the CAL mode, wait approximately one minute, 
then print out the values and label Pre-test Gyro RCAL's.. I 

2.S.11 Place all gyro channels back tathe DATA mode. 

PKRG-3900 ON-TRACKTC 
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2.5.12 Refer to AAR/TIC Rate Gyro Setup and Calibration Procedure and perform 
necessary steps for the gyro Integrator unit. 

2.5.13 Quality verify that all gyro calibration, h:iS b~en <:ompleted. 

2.6 Strain Gaged Bending Beam Calibrationpiocedure Cor ail Strain 
Gaged Bending Beams. 

TASK NUMBER PROCEI)URE 

2.6.1 Refer to procedure PKRG-3100 for completing the Test 
Configuration Data Sheet, Section 5.1-5.8. 

~. • . I • .i" 

2.6.2 Mount all strain gaged bending beams in accordance with 
AAR/TIC Instrumentation SOP NO. Q24 9/89. .. 

I ~ ',', • 

QAINITIAL 

2.6.3 . Refer to Instrum 2702 Signal Conditioner Setup ,Procedure 
. for setup (Section 6). i.... .), . . . . .. . 

2.6.4 Monitor the excitation voltage and adj':l~t to + 10.00 + 1-10 m V. 

2.6.5 With the function knob in the INPUT SHORT position, adjust the DC offset of 
the conditioner to zero + 1- 3 mY. '; .. 

2.6.6 Position the function knob'to DATAmode. 

2.6.7 Adjust the balance pot for zero volts +/: 10 mY. 

2.6.8 With all the strain gaged bending beam channels in the DATA mode, print out 
values and label Pre-test Strain Gag~d.Bending Beam Zero. 

• .), .; I 
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2.6.9 Place all the :strain gaged bending beam channels in the CAL mode, then print 
out the values and label Pre-test Strain Gaged Bending Beam RCAL's. 

2.6.10 Place all strain gaged bending" beam channels back to the DATA mode .. 

2.6.11 Quality verify all couplers and strain gages have been calibrated. 

2." Inclinometer Calibration Procedure for all. Inclinometers. 

TASK NUMBER - PROCEDURE QA INITIAL 

2.7.1 

2.7.2 

2.7.4 

2~7.6 , 

i 
2.7.7 : 

2.7.8 

Refer to procedure PKRG-3100 for completing the 
Test Configuration Data Sheet, Section 5.1-5.8. 

Mount all inclinometers. 

Refer to Instrum 2702. Signal Conditioner Setup Procedure 
for setup (Section 9). 

Monitor the excitation voltage and adjust to + 10.00 m v; 

With the function knob in the INPUT SHORT position, adjust the DC offset of 
the conditioner to zero + / - 2 mV. . 

! Position the function knob to DATA mode. 

Adjust the balance pot for zero,volts + /- 10 mY. 

With all the inclinometers channels in the DATA mode, print out values and 
label Pre~test Inclinometer Zero. 
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2.7.9 Place all inclinom~ter channels in the CAL mode, then printoutthe values and 
label Pre-test Inclinometer ReAL's. 

2.7.10 Place all inclinometer channels back to the DATA mode. 

2.7.11 Quality verify inclinometer channels have been calibrated.· 

3.0 ON·TRACK TESTING PHASE II 

TASK NUMBER PROCEDURE QAINITIAL 

3.1 Perform testing as required by individual vehicle test plan. 

4.0 QUALI1Y VERIFICATION 

TASK NUMBER PROCEDURE QAINITIAL 

4.1 Quality verify that PKRG-3900-TC is ~omplete and closed. 

42 Authorized QA signature -----------------------------

PKRG-3900 ON-TRACKTC 
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INSTURM 2702 SIGNAL CONDITIONER SETUP PROCEDURE 

I. "n·~':rn.QDUCIlON: This,procedure is provided as a supplem'ent to 
. :the Manufacture Instruction M~nual toor~anize information 
required .in everyday ~se qf tp~ 2702 amphfiers. This procedure 
should allow instrumentation personnel not familiarwith this equip
ment to setup and operate the hardware and make minor configura
tion changes needed in normal operation. 

* 
* 
* 
* 
* 
* 

* 

This signal conditioning is very flexible and can be configured for 
many types of transducers . 

. . , . 
,r.r, 

This signal conditioningpro~de~ these features: 

Excitation-Oto 30 DC volts operating voltage 
Amplification- Gain to 12500 times transducer out 
Filtering- 4 pole Bessel elimination of undesired data 
Common Mode Rejection- 120dB. With up to 1000 ohms unbalance 
Calibration- ,Shunt or voltage insertion capability 
Balancing- Automatic and / or manual correction for input 
imbalance , 
Input Wiring- Plug in configuration cards for up to 10 wire input 
wiring. 

. ; " 

. " .... .: 

II. This document will concentrate on conditioning the most common 
type transdu,cer now in;,use and will not att~mpt to replace the ' 

", ins~ruction manual and ,its theory of operation. 

SYSTEM CONFIGURATION e 

The Instrum 2702 system is composed of a 10 channel Mainframe 
cabinet and amplifier modules, with a front panel plug-in containing 
input configuration cards. This configuration card selects the type 

" of balancing; calibration and input wiring scheme for each trans
ducer and will be discussed in. more detail under each transducer 
type description '" . 

~ I .' 
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III. FRONT PANEL CONTROLS . i , , 

The amplifier controls and test points required for normal opera
tion are allocated on the front panel except for the mainframe': 
power switch and fuse on rear panel and output No.2 filter switch 
Inside the amplifiers right side cover. ,A brief description of the," 
controls follows: ' '" 

'\ ' 

1. Gain Switch Located on bottom center of front panel and 
provides fixed gain steps of 1,2,5,10,20,50,100,200,500,1000,2000, 
and 5000. ," 

2. Variable Gain Switch Allows multiplying the fixed gain switch 
setting up to 2.5 times. Use of thi~ feature is indicated by a red 
LED on the lower left side of the instrument between the variable 
gain switch and variable gain screwdriver adjustment. (Use of 
variable gain is not recommended as a standard procedure.) 

3. Filter Switch This switch near the bottom of the amplifier ' 
provides for selection of 15,30,120, or 360 hz. For internalforth 
order Bessel output filters. The fifth position isW.B. or wideband 
which bypasses any output 
filtering. ' 

4. Output Monitor This pair of test points monitors output 1 and 
is used to set up signal conditioner. 

5. Excitation Switch. This locking toggle switch provides for 
selection of 0-10, 10-20, and 20-30 volts Deand is located at the top 
of the front panel. 

6. Level Control This screwdriver adjustment varies the excitation 
over the range selected by the excitation switch and is physically 
located right under the excitation switch; 

7. Ex Test Points These pin jacks monitor the excitation set by the 
level control and are on the left side of the front panel near the 
middle. 

8. In Monitor Points These pin jacks monitor the amplifier input 
after all signal conditioning such as balancing, input filtering or 
attenuation is complete. These points are on the left side of the 
front panel in the model 2059 plug-in. 

PKRG-39000N-TRACK TC 
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9. Xd Monitor Points The pin jacks monitor the transducer output 
prior to any conditioning and are located on the left side of the 
mpdel 2059 plug-in module. 

, '. ,', -, 

10.· Mode Select Switch This four position switch located in the 
model 2059 plug-in module is used to short amplifier input and 
to adjust offset controls, energizin~ calibration relays, selecting auto 
balance function or normal ( data) mode. Note an extra, non
operational position eXists in the clockwise direction. 

, , 

11. Bal/Bias Adjustment. This 10k potentiometer is used with R1 
( user supplied) to provide manual control of the input balance ( 
bias) voltage. This control might need ,adjustment" to obtain proper 
auto balance range and fine balance. 

12 .. Zero RTI Control. Provides mean of adjusting input stage DC 
offset when required. This adjustment is normally required after 
maintenance or repair.' , . 

13 ... Zero RTO Control This screwdriver adjuStment is for control 
of the amplifier final stage offset, if required, and is located on the 
lower left front panel. 

J. 

IV. USER SUPPL1ED'COMPON'ENTS 
The model 2059 has provisions for solderin& up to 10 resistors, 
capacitors or jumper wires to provide flexibIlity in input circuits. 
Specific purpose for each component will be listed under transducer 
type description. All components installed in these input circuits 
should be high quality, h!gh stability parts to assure long term stable 
operation. . ' 

V. GENERAL OPERATING SEOUENCE 
This section describes the normal procedures used for most mea
surement setups. Specific transducers are discussed in the following 
paragraphs. . 

1. Select transducer type and obtain calibration data. 

2. Obtain proper configuration card and transducer input cable for 
selected transducer type. 

PKRG-3900 ON-TRACK TC 14 



3. Start data acquisition set-up form .. 

4. Install transducer using proper mounting technique for desired 
measurement. 

5. Install transducer cable to proper amplifier input connector .. 

6. Install plug-in module after verifying voltage range selector on· 
proper range and correct resistors are installed. . 

7. Turn on amplifier power. 

S. Set desired excitation per calibration data. manufactures data or 
test plan. .. . . 

9. Place amplifier front panel control to short position and while .. 
monitoring output from front panel adjust RTO potentiometer to' 
0.000+ /-.002 volts DC. . 

10. Set ~ain to fixed range determined from test requirements and 
calibratlOn data. . ' 

11. Set front panel control to auto balance. A slow blinking green 
LED on front panel indicates proper balancing. If blinking becomes 
rapid, an input problem such as: improper configuration card, wrong 
transducer wiring, or a bad transducer IS indicated correct this 
problem before proceeding. If auto balance span is too limited try 
auto balance at a lower gam and reset .gain if good null obtained. 

12. After autobalance is achieved, as indicated by steady green 
LED, switch to data position and verify satisfactory balance. 
Bal/bias adjustment will allow fine setting if required. 

13. Switch to Cal position and record calibration output voltage on 
data acquisition form. 

14. Return front panel switch to data position. 
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VI. FULL BRIDGE MEASUREMENTS 
To use the 2702 with 4 leg or.j"ull, bridge input transducers such as 
strain gage circuits, install anlnstrum type "H" configuration card in 
the 2059 plug-in. Typical values for the plug-in and there 
furictionsare listed below: 

Rl 
R2 
C1 
R3 
R4 
R5 
R6 
R7 
R8 
R9 

lOOk ohms 
Short . 
Open 
Short 
Open 
Open 
lOOk ohms 
Open 
xxx: ohms 
Open 

,( 

Balance Limit 
Input filter 
Input filter 
Input filter 
Not Used 
Not Used 
Alito Balance Limit 
Not Used 
Shunt Calibration 
Not Used 

The value of R8 to be determined from the transducer calibration 
data or from the following equations: . 

RgxIO C-
6 ) 

E s = --------
K x(Rsh + Rg): 

Eo= ElxKxEs 
4 . 

Where Rsh = R8 = ohms 
Rg = Gage = ohms 
Es = Simulated strain 
K = Gage factor 
Eo = Bridge volts output 
E1 = Excitation volts 

In setting up the signal conditioning, excitation should be deter
mined from the manufacturer's power dissipation data for that type 
of measurement. The general rule IS to use the highest excitation 
that gives the required stability, but never exceed the manufacture's 
safe excitation level. 

VII. LINEAR VARIABLE DIFFERENTIAL TRANSFORMER 
(LVDT) , 
The signal conditioners are setup to provide excitation isolation 

, and gain for DC powered LVDT's by installing a type "K" Instrum 
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configuration card in the 2059 pllig~in;Have the~seiransducersset 
up for voltage substitution calibration and auto balancing. . . 
Typical values for user installed components are listed below: :" 

Rl 
R2,R3 
C1 
R4 
*R5 
R6 
R7 
RS 
R9 

10k ohms 
Short 
Open 
Open 
5k ohms 
10k ohm~s 
20k ohms 
1-20k ohms 
Short. . . 

Main Balance Span 
Input Filter 
Input Filter 
Not Used 
Balance Range 
Auto Balance Limit 
Voltage Sub· Divider 
Voltage Sub Divider 

* Should be'l to 10k using lowest value needed to obtain balance 
span desired. 
Voltage sub can be calculated using the following equation. 

Vsub = RSx 10 
R7+RS 

VIII.SETRA 141A ACCELEROMETERS 
With the type "J" Instrum configuration card installed in the model 
2059 plug-in, and with proper selection of the user installed compo
nents, the 2702 will provide excitation, auto balancing ( + /- 19 . 
input), gain, filtering and shunt calibration. The nominal values· of 
user supplied components are as listed below for subject accelerom
eters. 

R1,R6 
R5 
R2,R3 
C1 
RS 
R9 

20-100k ohms . 
2k ohms 
Short 
Open 
lOOk ohms 
1n4746A 

. Balance Limiting 
Balance Span 
Input Filter. 
Input Filter 
*see note 
Over-voltage Protection 

NOTE lOOk across calibration lead will provide approximately .1 
volt output. Actual voltage for each installed accelerometer should 

. be accurately measured at the input·and also referring to the cali-
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bration data determine the equivalent "g" reading. This resistor 
value can be raised to simulate less output or lowered to produce· 
more signal. 

, ( 

Prior to installing the plug-in in the amplifier, verify the excitation . . 
range switch isin the ,0~1O volt position. Adjust excitation to 10.0 
volts and verify desired gain setting (50 or less). Switch selector to 
auto balance while monitoring output. Balance will be obtained in 
about 45 seconds. If the green LED blinks rapidly corrective action 
is required. Mter balance is obtained set switch to data or cal 
positIOn. Never leave in Auto position after switching from any 
other position or a new balance will be obtained. Any time auto . 
balance is terminated prior to completion, the old balance setting "is 
restored. In this configuration, the calibration output is added to 
the transducer output. Therefore if there is .02 volt unbalance or 
signal caused be grade or superelevation etc, the output will be 
equal to the cal voltage plus offset or .02 +.1 or .12 vnc. 

IX. POTENTIOMETER SERO ACCELEROMETER AND VOLT
AGE INPUT CONFIGURATION· 
This configuration card (type "K") is the same used for the DC/DC 
LVDT's (section VII) but uses slight changes to the plug-in card 
co.m~onents. ~~ m:;tin differe?ce in usin~ it for .vol~age inp:uts is, to 
ehrmnate the WIfIng mput cablurg:to proVIde exCItatIOn. ThIS card, 
however, is designed to excite ~nd accept inputs frpm almost any . 
DC powered transducer.· TypIcal use for voltage mput would be to 
buffer (isolate) signals from other systems. Typical values for the 
user installed components and there functions are listed below. 

R1,R6 
R2,R3 
C1 
R4 
R5 
R7 

50-lOOk ohms 
Short 
Open 
Open 
l-lOk ohm 
10k minimum 

. Balance Range 
Input Filter 
Input Filter 
Input Attenuation 
Balance Current 
Voltage Substitution 

PKRG~3900 ON-TRACK TC ' 18 



. Volt Sub Divider RB 
R9 

1 lOkohm 
. Short . Input Attenuation 

·Use lowest value needed to obtain desired balance span. 

Voltage substitution (Vsub) can be calculated using the formula: 

Vsub = RBx 10 
R7+RB 

x. AMPLIFIER ZERO AND INITIAL SETUP 
This section defines checking and adjusting the amplifier 
zero: 

." 

L Set front panel control to sho,rt position. 

2. Set gain to 1000 (fixed) and note output No.1 Voltage. 
. . . . 

3. Switch to gain' = 1 and note output. 
.' 

4. Adjust RTI contro1.so that step 2qutput = stepJ output. 

5. Repeat steps 2,3 and'4 until output is constant. 

6. Adjust output with RTO control for 0.000 + /- 1 mv Dc. 

7. If second output is being used and a offset is noted, refer to 
instruction manual for bench instruction procedure. 
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APPENDIX D 

. IITRI WHEEL SET 
INSTRUMENTATION, CALIBRATION, AND OPERATION PROCEDURES 

(1) IITRI 36-INCH INSTRUMENTATION WHEEL SET 
(2) IITRI 38-INCH INSTRUMENTATION WHEEL SET 
(1) ENSCO 38-INCH INSTRUMENTATION WHEEL SET 

, , 

265 



259 

_' .' .,~ - 's . ..:: , ~ I • \ 

(1) 

, . '" 

PEACEKEEPER RAIL GARRISON 
PROCEDURE PKRG·3500 

INSTALLATION, CALIBRATION AND OPERATION 
OF IITRI 36 INCH INSTRUMENTED WHEEL SETS 
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PEACEKEEPER RAIL GARRISON 
PROCEDURE PKRG-3500 

INSTALLATION, CALIBRATION AND OPERATION 
OF IITRI 36 INCH INSTRUMENTED WHEEL SETS 

1.0 DESCRIPTION 

1.1 

The purpose of this procedure is to outline the sequence of steps to be taken for the 
installatIOn, calibratlpn and operation ofth~ IITRI 36-Inch Instrumented Wheel Sets. 

<.'~. ~'~ ...... '. 

; 

INDEX 

1.0. Description .", -;.-' . 

1.1 Index 

1.2 Equipment List 

1.3 Figure List 

1.4 Table List 

1.5 Reference Documentation 

2.0 Installation of Equipment 

2.1 Installation of Instrumented Wheel Sets 

2.2 Installation of Slip Rings 

2.3 Vehicle Coupling 

2.4 Installation of Junction Boxes . 

2.5 Interconnection of the System 

3.0 Calibration of Wheel Set 

4.0 Daily Operations 

4.1 Signal Conditioning Verification 

5.0 Wheel Analyzer Operation 

5.1 Start-up 

5.2 Wheel Analyzer Calibration 

5.3 Wheel Signal Processing 

6.0 Testing 

7.0 Tear Down 

8.0 Quality Verification 

PKRG·3500 1 
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1.2 EQUIPMENT LIST 

a. .4 ea .. ' , IITRI 36~it:Ich Instrume.nted Wheel Sets 

b. 4 ea. Junction Boxes with 13 Ecton Signal Conditioners 

c. 8 ea. 25-foot Wheel Set to Junction Box Cables 

d. 8 ea. Slip Rings with Vibration Gaskets 

4 ea. Input Patch Panels " e. 

f. 1 ea. Calibration Panel and Power Supply. 

g. 4 ea. Wheel Set Processor Units. 

h. 4 ea. . Operational Control Panel 

1. '4 ea. Keyboar~ Drawer Urtits 

1.3 FIGURE LIST 

Figure 2-1 

Figure 2-2 

Block Diagram of Instrumented Wheel Set System 

Communication Cable Connections (Typical for each 
Wheel Set)' " . " '.:, ' , 

1.4 TABLE LIST 

None 

1.5 REFERENCE LIST 

Instrumented railroad wheel/axle systems, design, operation and calibration 
report. IITRI project E06607. 

Instrumented railroad wheel/axle system, wheel analyzer description, opera
tion and software report.IITRI 'project E06607. 

ECTRON Operations Man~al 

MlOOl Manual Of Standards and Recommend Practices, C, 
Part II, Volume I, Chapter XI 

261 

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 
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NOTE 

All personnel involved in the performance of this p'rocedure or observing-the test(s) will 
comply with the TIC Safety Rule Book __ 

2.0 INSTALLATION OF EQUIPMENT 

2.1 Installation of Instrumented Wheel Sets 

TASK NUMBER PROCEDURE QA INITIAL 

2.1.1 Refer to the Test Measurement List (PKRG-7000) and determine the 
placement of the instrumented wheel sets. -

2.1.2 Remove the trucks containing the wheel sets to be s\\iapped from the test 
vehicle. . 

2.1.3 Swap the original wheel sets with the instrumented wheel sets using 
standard bearing adapters. Refer to Figure 2-1 in the PKRG~7000-FC 
Procedure. 

NOTE 

For convention, til~A-end ofthe.wheelset should be. 
placed on the left side of the vehicle. Left is defined 

while standing on the ground facing the B-end of the vehicle. 

2.1.4 Replace the trucks back underneath the test vehicle, but DO NOT CON· 
NECT THE BRAKE RIGGING. Tie up the brake rigging to ensure it is 
not rubbing on the axles. This could cause damage to th~ torque circuits. 

2.1.5 Quality verify installation of wheel sets is completed. 
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2.2 'Installation of Slip Rings 

TASK NUMBER " .. PROCEDURE QAINITIAL 

2.2.1 Each wheel of the instrumentedwheel set provides for the. a~tachment of 
a slip ring to a speciallymachiri.e~,end caP',"j . " 

2.2.2 Carefully pull the connector out of the wheel a few inches. 

2.2.3 Slip a rubber vibration gasket over the cable. 

2.2.4 Attach the wheel connectorto the slip,ring;' ,;, . ~....., .. 

J - \, __ .-

2.2:5 Using the 6-32 cap screws with machined throats, att~ch the slip ring and' 
vibration gasket to the wheel set. The cap screws should be snugged up, 
and then another one-half turn applied. This puts even pressure on the 
vibration gasket. 

2.2.6 Usin~ steel.~ire,pl(lc~ t~e W:ire,.throiJ~hWe heads of the cp,p scre~s . 
formmg a nng around the slIp nng. PIg tall the two ends of the WIfe 
together using pliers. 

2.2.7 Quality verify installation of slip rings is complete. 
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2.3 Vehicle Coupling 

TASK NUMBER PROCEDURE QAINITIAL 

2.3.1 Couple test vehicle, buffer car, and locomotive to the Dot X 205 Rail 
Test Vehicle as illustrated in Figure 2-2 PKRG-7000. Comply with TIC 
operating rules. 

2.4 Installation of Junction Boxes 

TASK NUMBER PROCEDURE QAINITIAL 

2.4.1 The junction boxes can be mounted at any appropriate location, but must 
be within 25 feet of the wheels to accommodate the interconnectin~ 
cable. The J-Box should be mounted with the connectors pointing In a 
direction for easy access. 

2.5 Interconnection of the System 

TASK NUM:BER PROCEDURE QAINITIAL 

2.5.1 Refer to Figure 2-1 Block Diagram of Instrumented Wheel Set System, 
and Figure 2-2 Communication Cable Array, to complete connection of 
appropriate cable arrays. 
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SLIP 
RING 

RA'"I SIGNALS· 

#1 

. RA'..' SiGNALS #2 

RAV SIGr-lAL:S .•. #3 

t~L~~~J:it'~'~R_A_'"I_S~i_GN_A~LS~~-i~~~~ ___________ #4 
RA\J SIGNALS 

; Figure2~1 Blo'ck Diagram 'Of .Instrumented Wheel Set " 

EENDIX JT06RE-14-37$ 

13 ENC 
INPUT CONNECTIONS 

TEE'O TO DAS 

BENDlX JT06RE-14-.3737P CAL 

B-SIDE 'j, 

IIHEEL 

ANALYZER 

'WHEELSET PROCESSED 

SLIP 
RING 

A-SIDE 

CABLE 

SIGNALS 
TO DAS 

COMMON TO 
ALL IIHEELSETS 

Figure 2-2 Communication Cable Connections (Typical for each Wheel Set) 
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2.5.2 Slip Ring Transmission Cables: 

Two slip ring transmission cables" are supplieq with each wh~elset. The 
cable is used to connect the slip rings to the junction J-box which, in turn, 
is connected to the data acguisition and processing system.. The cable is 
Belden Type 9544 with a slIp BendixTyPe JT06RE-14-375 connector at 
one end, which mates to the slip ring re~eptacle; and a-Bendix Type 
JT06RE-14-37P at the other end, whiCh inates with the J-boxreceptacle. 
Connect the slip rings and J-boxes by routing the cables away from any 
moving parts. Secure using tie wraps and clamps. Ensure that service 
loops are provided between the trucks, sp~~ bolster and car body. 

2.5.3 Systems Connections: 

Figure 2-2 shows the cable connections from the wheel sets to the J-boxes 
and on to the ins~de of the test car to theproc~ssor and 'calibration panel. 

2.5.4 Signal Conditioner Setup: 

When initially setting up the signal conditioners, all weight must be taken" 
off the instrumented wheel sets. so that no imbalance-will occur during 
operation; This can be accomplished by jacking up the wheel sets so that 
they are free to rotate. Refer to the instruction manual for theECfRON 
amplifier, Section 1.5.3, for operation of the signal conditioners. Ensure 
the setup of the amplifier is as follows: .. 

BRIDGE SHUNT EXCITATION GAIN 
CIRCUIT RESISTOR VOLTAGE SETTING 

Vertical 681k ohms 25.0Ov+ /- lOmV lKFixed 

Lateral 118K ohms 20.0Ov+/- lOmV 200 Fixed 

Position_ . 825k ohms' 20.0Ov+ /- lOmV IKFixed 

Torque 442k ohms IO.OOV + /- lOmV lKFixed 
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3.0 CALIBRATION OF WHEEL SETS 

TASK NUMBER PROCEDURE QAINITIAL 

3.1 

3.1.2 

3.1.3 

3.1.4 

3.1.5 

3.1.6 

3.1.7 

, With the wheel sets lifted, balance the amplifiers to zero + j- 10 mV. 
Place the selector switch in the + (:AL and -CAL positions. The 
expected outputs listed below are approximate and can be used for a 
system check. 

BRIDGE CIRCUIT 

Vertical 
Lateral 
Position 
Torque 

SHUNT CAL 
VOLTAGE' 

+ 1.985 
+7.651 
+'1.095 
+2.980 

Mter calibration is comJ?lete at the remote J -box, place the CAL selector 
switch of the amplifiers In the REMOTE position. 

Using the cal panel inside the test vehicle, place the CAL switch in the 
ON position and toggle the + and - switch back and forth while monitor
ing the raw channels on the data acquisition terminal. The CAL voltages 
should be similar to those observed,outside at, the amplifier. 

Place the CAL switch in the OFF position.; i . 

Mter all calibrations have been verified inside the car, close and secure 
the amplifier and J-box covers. 

Calibration of the system is performed during daily operation;· therefore, . 
no sp'ecial system calibration is necessary during installation. . 

Quality verify calibration of wheel set system: ' . 
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4.0 DAILY OPERATIONS 

. , .. : . 

4.1 Signal Conditioning Verification 

TASK NUMBER 'PROCEDURE 

, ~,.,' 

" -

'QAINITIAL 

4.1.1 While monitoring the wheel sets raw channels on the Data AcquIsition 
Terminal, place the CAL switch to the ON positio;n. Toggle the + and
switch on the cal panel back and forth. The voltage difference between 
+ and - cals should be, approxi,matelYJhe same as in Section'3.1. 

4.1.2 Quality verify signal conditioning setup is complet,e. 

5.0 WHEEL ANALYZER OPERATION 

5.1 Start-Up 

TASK NUMBER ,'PROCEDURE:- : QAINITIAL 

5.1.1 Daily start-up of the wheel analyzer s'ystem consists Of inserting the 
3.5-inch program floppy disk into the computer system's floppy disk and 
then applying AC power to the computer system. The computer system 
will then execute its internal ROM-based diagnostics, and upon success
ful completion, attempt to load the necessary programs from the floppy 
disk. Should the floppy'disk not be installed, the computer will write an 
error message to the monitor. Once the floppy disk is inserted in the disk 
drive, the loading can continue by depr,essing any key on the keyboard. 

. .....' ' . . -
, c' 

5.1.2 The computer system first loads the MS-DOS operating system. It then 
loads the AUTOEXEC.BAT command file. This file contains a series of 
commands that 'are executed automatically Without user interaction. A 
series of screens will appear; pausing with the 'menu screen. The menu 
screen presents the option of loading/running the ,Program for either 
wheel set WS-19 or WS-20. Depending upon whIch wheel set is 
connected to the wheel analyzer, the user must select the corresponding. 
program. This is' done by depressing the 1 key for WS-19 or the 2 key for 
WS-20 on the computer's keyboard; Note depressing any other key will 
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5.1.3 

5.1.4 

have no' function and, the computer will respond with it BEEP; further-, 
more, the correct p'Togram 'must be loaded, otherwise the wheel analyZ-
er's output. data WIll be meaningless. " 

Upon selecting the desired wheel analyzer pro~ram the computer will 
copy the respective pro~ram from the floppy dIsk to a ''virtual'' disk 
created in memory. TIus "virtual" disk is not a physical disk and only 
exists in the software, hence ,its name ''virtual''. The program will remain 
on the virtual disk until ACpower is lost or the computer is rebooted. 
After the respective wheel analyZer program is copied; the monitor's 
screen is cleared and two messages are written to the screen. The first 
message states the floppy disk can now be removed. The floppy only 
needs t6 be re-inserted if the computer is to be rebooted. The second 
message confirms which wheel program was loaded. 

From this point on,. the computer is running the sele~ted w!Ieel analyzer 
program. As descnbed earlIer, the wheel analyzer WIll be m the HOLD 
mode and control of the wheel analyzer is via the push buttons on the 
control panel. The keyboard, is no longer needed and can be stored in its 
drawer. 

5.1.5 The wheel analyzer also has a program that "blanks" or turns off the 
monitor's screen automatically after 3 minutes of no keyboard or screen 
activity. The purpose of this feature is to prevent images left on the 
screen from extended periods, from being "burned" into the screen's 
CRT. The screen blankin~ program runs simultaneously along with the 
wheel analyzer program WIth negligible performance degradation. The 
screen Will "blank" after 3 minutes of either no keystrokes or writing to 

, the screen by the wheel analyzer program. 'As a result, once the wheel 
analyzer program has been running, and the above conditions have been 
met, the monitor will "blank" itself. Upon either the program writing to 

, the screen or a key being derressed, the monitor will turn on and the 3 
minute time out counter wil be reinitiated. It is suggested that should it 
be necessary to detenrune if the wheel analyzer program is running, that 
either the CfRL key or the current analyzer'S mode push button be 
depressed. While instigating either of these actions, monitor for any 
status messages. 

5.1.6 Once the wheel analyzer program is running, it continues executing until 
either the computer is rebooted or a program software error is encoun-
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teredo Rebooting the computer is performed via the computer's front 
panel RESET push button or by depressing the CfRL and AL T and 
DEL keys simultaneously on the computer's keyboard. Rebooting the 
computer requires the floppy disk to be reinserted into the disk drive. 

5.1.7 Should the program encounter a software error, the wheel analyzer 
program will stop executing, and an error message will be written to the 
screen. This error message,should be copied for diagnosis. A message 
will also appear on the screen prompting the user to depress any key on 
the keyboard to restart the wheel analyzer J?rogram. Note, the floppy 
disk is not needed to restart the program WIth this method. In the 
unlikely event that depressing a key does not restart the program, it may 
be necessary to manually restart the program. This is accomplished by 
typing the command IITRI followed by the RETURN key on the key-
board. . 

5.1.8 Quality verify wheel analyzer is completed. 

S.2 Wheel Analyzer Calibration 

TASK NUMBER PROCEDURE QAINITIAL 

5.2.1 In order to ensure the wheel analyzer contains the necessary calibrations 
for each channel, the control panel is used to select the deSIred analyzer 
mode. ' 

5.2.2 Calibration should be performed after verifying calibration level as out
lined in Section 4.1.1. The test vehicle should be stopped on level 
tangent track. ' 

5.2.3 Verify the CAL switch on the cal panel is in the OFF position. 

5.2.4 Press the ZERO switch on the control panel ,for two seconds, and 
release. ' ' 
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5.2.5 Place the CAL switch on the cal panel in the ON position and the + and 
- switch in the + position. .'" '. 

, ' 
, ,~ , I ~' .... 

5.2.6 Press thbCALswitchon:the,·appr~pdatecoriit.ol panel for two seconds 
and release. ,. . '. . "'. ." . '. ., . 

" t', .: • .• ;, ,;. ~ ~ 

', .. 
: .. ' 

, , ... ",'1\_ ... · , ." 

5.2.7 Perform Steps 5.2.3 through 5.2;6 for·each wheel set. 

5.2.8 Verifythe CAL switch on ,the caLpanelis in the . OFF position. 

5.2.9 Quality verify wheel analyzer calibration is complete. 

~.' . 

5.3 Wheel Signaling Processing; .' 
. '; , , 
~'t .' .~ 

',)or 

TASK NUMBER PROCEDURE QAINITIAL 

5.3.1 To ,place the wheel analyzer mode into operation from HOLD mode, 
begm train operations. 

5.3.2 ~en the ~peed !eaches~p{>roximately 1,0 mp4, press the RUN LOW 
sWltch. ThIS begms calculatIOn of a runrungzero. 

5.3.3 Mter approximately 15 seconds, press the RUN HIGH switch. The 
analyz~r will now be ready to perform testing. 

l : 

':',-
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. ~,- '. . 

The analyzer can be used to collect data in the 
RUN LOW mode, but must be p'laced in the HOLD mode 

while stopped or math errors ~~locqlr, and the program 
will stol?' If this occurs, the calibration procedures . 
in SectIOn 5.2 must again be performed. Also, an" 

occasional D / A error may occur when switching to 
RUN LOW or RUN HIGH, this is normal and 

no action'is .required, ". 

5.3.4 Occasionally, the system should be placed in the RUN LOW mode for 15 
seconds while the train is running to recalculate the running zero. This 
should be performed once per hour for the first few hours of operation, 
and then every two to three hours after .that." "" " 

. .' ,'. , 

5.3.5 The system may be shut down at any time without damage to equipment, 
but will have to be rebooted upon power up. The calibration procedures 
in Section 5.2 will then have to be performed. .. " " 

6.0 TESTING 

TASK NUMBER PROCEDURE QAINITIAL 

6.1 Perform testing as req~ired by the vehicle test ;procedure~ 
", . 

7.0 TEAR DOWN 

TASK NUMBER PROCEDURE QAINITIAL 

7.1.1 Remove power from all conditioners and wheel analyzers. 

7.1.2 Remove all cables and J-boxes from the test vehicle . 

.. .-
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7.1.3 Clip the wire securing the slip ring cap screws and carefully remove the 
slip rings by removing the cap screws, and pulling the aSsembly out a few 
inches, and finally disconnecting the slip-ring from the wheel connector. 
Be sure to remove and save the rybber vibration gaskets. 

7.1.4 Replace the instrumented wheel sets with the original set by removing 
the trucks. 

7.1.5 Replace the trucks andensun~' alrbr*e'riggi~gis'conIlected and operat-
ing properly.", " " '/. ',,;:~;~":':,.:"~~' /' ".> , ' ' 

,.~, ; \ .. ,': :;" ,- ' .. 

7.1.6 Pack and store all wheel sets, J-:~oxes, slip-rings, cables, and support 
hardware. 

8.0 QUALI1Y ACCEPTANCE 

TASK NUMBER "ROC~DURE QAINITIAL 

8.1 Quality verified that PKRG:-3500 is complete and closed. 

8.2 Authorized QA signature ______________ _ 
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PEACEKEEPER RAIL GARRISON 
PROCEDURE PKRG-3400 

INSTALLATION, CALIBRATION, AND OPERATION 
OF IITRI 38-INCH INSTRUMENTED WHEEL SETS 

1.0 DESCRIPTION 

The purpose of this procedure is to outline the sequence of steps to be 
taken for the installation, calibratiol1, and operation of the I1TRI 3

1
8-Inch 

Instrumented Wheel Sets. . . \ 

1.1 INDEX 

1.0. Description 

1.1 . Index 

. 1.2 Equipment List 

1.3 Figure List 

1.4 Table List 

1.5 Reference Documentation 

1.6 Installation of Equipment 

2.0 Installation of Instrumented Wheel Sets 

2.2 Installation of Slip Rings 

2.3 Installation of Junction Boxes 

2.4 Interconnection of the System 

3.0 Calibration of Wheel Set System 

4.0 Operation During Test 
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5.0 Wheel Analyzer Operation 

. 6.0·' Test Tear Down"" . ';'/; c';,·" 

7.0 Quality Verification 

1.2 EQUIPMENT LIST 

a. 2 ea. 

b. ·2'ea. 

c. 4 ea. 

d. 4 ea. 

e. 2 ea. 

f. 26 ea. 

g. 1 ea. 

h. 2ea. 

1. 2 ea. 

J. 2 ea. 

1.3 FIGURE LIST 

Figure 2-1 

Figure 2-2 

1.4 TABLE LISl' 

NONE 

• j' ' 

<, 
.' c!· •.. 

IITRI 38-Inch InstrumenteQ Wheel Sets 
.';" 

, '. . •.• ~!. ' ~' ,. .. . .... 

Junction Boxes :<' 

25-Foot Wheel Set to J-Box Cables 
.' 

Slip Rings with Vibration Gaskets 

Input Patch Pari~ls 

Dynamic Sign,al C;onditione!s 

TektronixsRack with Calibration Panel and Power Supply. 

Wheel Set Processor Units 

Operational Control Panel 

Keyboard Drawer Units 

Block Diagram of Instrumented Wheel Set System 

Communication Cable Array 
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1.5 REFERENCE LIST 

Instrumented Railroad Wheel/Axle Systems, Design; Operatiori and Calibration 
Report. IITRI project E06607 . 

Instrumented Railroad Wheel/ Axle System, Wheel Analyzer Description, Opera-
tion and Software Report. IITRI project E06607 . . 

Waugh Controls Corporation, Dynamics Electronics Division, Operations Instruc-
tions for Universal Amplifier Model 7600A . 

MI001 Manual Of Standards and Recommended Practices, C, Part'll, Volume I, 
Chapter XI -

TIC Operation Rules for the Transportation Test Center, Pueblo, Col
orado, AAR, November 1, 1989 

,.'" 1'-,,, 

Peacekeeper Rail Garrison Test Implementation Plan, (for appropriate 
test car), Chapter XI Testing .. . . 
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. ,., ....... ' ,'. . ,'l!... ~P,1J:; 

~~~~~g°tlke:~~~~~i11 ~o1:,~fre~~~~trW~ ~h1:!;~~?~Bo~k .. 
" , ... 1, 

2.0 INSTALLATION OF EQUIPMENT . 

2.1 Installation of Instrumented.Wheel Sets· 

TASK NUMBER PROC~DURE QA INIT,IALc', .. ' 

2.1.1 

2.1.2 

Refer to the test measurement lists located in PKRG-3700 and determine the 
placemenr of the instrumented wheel s.ets. .' ,.' c .. 

Remove the trucks containing the. wh~el sets to be swapped from .the test vehicle .. 
" , . '.' , . "-

NOTE.·' , i; 

Swap the original wheel sets with the instrumented 
wheel sets using the MLC bearing adapters. 

: ,: 1" ,'j. (:1" "J :",." 

NOTE 

. For convention, the A~endofthe~heel,~et should be plac~d .~ 
.' .on the left side of the ~ebiCJe.' Left ,is de.fined while standing 
on the ground at the B-end of looking to'wards the A-end of the vehicle. 
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2.1.3 Replace the trucks back underneath the test vehicle, but DO NOT CONNECf ' 
THE BRAKE RIGGING. Tie up the brake rigging to ensure it is not rubbing on 
the axles. This could cause damage to t~e torque circuits. 

2.104 Quality verify installation of wheel sets is completed. 

2.2 Installation of Slip Rings 

TASK NUMBER . PROCEDURE QAINITIAL 

2.2.1 

2.2.2' 

2.2.3 

2.204 

2.2.5 

2.2.6 

2.2.7 

Each wheel of the instrumented ,wheel set provides for the attachment of a slip 
ring to a specially machined end cap. 

Carefully pull the connector out of the wheel a few inches. 

Slip a rubber vibration gasket over the cable. 

Attach the wheel connector to the slip ring. 

Using the 6-32 cap screws with machined throats, attach the slip ring and vibra
tion gasket to the wheel set. The cap screws should be snugged up, and then 
another one-half tum applied. This puts even pressure on the vibration gasket. 

Using steel wire, place the wire through the heads of the cap screws forming a 
ring around the slip ring. Pig tail the two ends of the wire together using plIers. 

Quality verify installation of the slip rings is complete. 
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2.2.8 Co~ple test v~hic~e apdlocomotive··tothe DotX·20~ Rail Test Veh~cle 
as Illustrated In FIgure 2-1, PIffiG-3709. Comply WIth TIC Operatmg 
Rules. .,... .. ': "',, ,.' 

2.3 Installation of Junction Boxes 

TASK NUMBER PROCEDURE QAINITIAL 

2.3.1 The junction boxes (J-boxes) can be. mounted atany appropriate location, but 
must be within 25 feet of the wheels to accommodate the interconnecting cable. 
The J-box should, be mounted with the connectors pointing down to avoid any 
water entry. 

2.4 Interconnection of the Sys~em 

TASK NUMBER PROCEDURE QAINITIAL 

2.4.1 Refer to Figure 2-111lock Diag:r;:am, of Instrumented Wheel Set System, 
and Figure 2.:2 CommtInlcation Cable Array: ' 

Fi~re2.1 Block Diagram of Instrumented Wheel Set System 
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JTC2RE';'14-J1S'· " 
Slip R.,g Tronemi'l'l;cn 

. Cab'" Input. 

loIS 3122E22-55P 
Box Wcunbn; Recepccle 

"s J126£2'2-5~S 
Stroi~t Plug 

IllS J126E2'2-55P 
,.,·Strait;flt" PIU 9 " 

loIS 312IE22-~5 
Line Receptachil 
(Cab~ Connecting Plu;) 

loIS 3126E22-551' 
Slroigl"lt Plu9 

Ir.tS JI2It2'2-S~ 
Line Re<eptocle 
'(Cable Ccnne<:t:in'il PIUIiI) 

WS 3IZSE2'2-5!IP 
Slroi;hl Plu9 

"5 J12'E22-~5 
Line Receptacle 
(~o~ble C~nnedjnlil PI,u;) 

us :31 Z6E22-S~ 
Str-aiIilMPlulii 

MS 3120E22-555 
Wall lroIol.lntin9 Receptacle 

Pone I 
"30 n to Termincl Boord 

FigUre 2;'2Commuhicatioll Cable Array 
. -', ,: .", , ' ." 

2.4.2 Slip Ring Transmission Cables 

Two s~ip ring transmissi9nca~1~s.a~e supplied with ea.ch ~heel se.t. The 
cable IS used to connect the shp nngs to the J-box, whIch In turn, IS 
connected to the dat~ acqu~sitlOn a!ld processing system. The cable is 
Belden Type 9544 Wltha shpBendlX Type JT06RE-'14-375 connector at 
one end, which mates to the slip ring receptacle, and a Bendix Type 
JT06RE-14-37P at the otheren.d, which mates with the junction box 
receptacle. Connect the slip rings and J -boxes by routing the cables away 
from any moving parts. Secure using tie wraps and clamps. Ensure that 
lO-foot service loops are provided between the trucks, span bolster and 
car body. 

'; ' .. 
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2.4.3 Systems Connections 

Figure 2-2 shows the cable connection array. Three cable configurations 
~~~:' . 

Configuration Length (ft) . Connectors 

A. SO MS3126E22:-SSS MS3121E22-SSP 
Straight Plug Straight Plug 

B. SO MS3121E22-SSS ,MS3126E22:-SSP 
Cable Connecting Plug Straight Plug 

C. 30 . MS3120E22-SSS 
Wall Mounting 

Open End 

Receptacle 

Starting at the J-box, connect the socket of the A cable. Continue with B cables 
as required, connecting the plug of the last one to the socket of the C cable 
attached to the interface panels. 

NOTE 

Allow slack in the inter-car cabliIig to J accommodate curving. 

2.4.4 Rack Connections 

Connect the patch bay, signal conditioners, control panel, and the wheel set pro
cessor,according to the design, operatio,nand calibration report, Reference 1 .. 5.1. 

2.4.S '. Quality verify interconnection of the system is completed. 
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3.0 CALIBRATION OF WHEEL SET SYSTEM . , .. ; 

TASK NUMBER , PROCEDm&, .. QAINITIAL. 

3.0.1 A Shunt calibration check should be performed to ensure all wheel set channels 
are operating properly. The shunt calibration resistors, excitation voltages, and 
gain settings are as follows:, .':. ' . 

BRIDGE SHUr:q EXCITATION ' GAIN 
, CIRCUIT . RESISTOR VOLTAGE SETTING 

Vertical 1000k ohms 2S.0OV+ /- 10MV lKFixed 

Lateral . SIlK ohms 20.0Ov+ /- 10MV lKFixed 

Position 787kohms 20.0Ov + / - lOMV lKFixed 
, . • I • • 

, . 

Torque 549k'ohnis . "lO;OOY f-/-l0MV lK Fixed 

3.0.2 ' Perform a shunt calibration on each channel by first balancing,each channel and 
then pressing the calibration switches marked 17 and 18 on the tektronixs panel, 
while monitoring the output. The expected outputs listed below are approximate 
and can be used for a system check.' '~ . . 

BRIDGE CIRCUIT 

Vertical 
Lateral 
Position 
Torque 

SHUNT CAL VOLTAGE 

+/2.2SV 
+/2.37V 

,"+ / 1.54V 
:'+/1.61v· 

3.0.3 Calibration of the system is peiforme'd duringdaily operation; therefore, no 
special system calibration is necessary during installation. 

3.0.4 Quality verify calibration of wheel set system . 
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4.0 DAILY OPERATIONS 

4.1 Signal Conditioning Setup 

TASK NUMBER . PROCEDURE 

4.1.1 Using a voltmeter; monitor theexcitati6n voltages of all conditioners and set 
according to Section 3.1. 1. - -. . 

4.1.2 Balance the circuits while m~nito~ing th: output and perfornla ~h~nt falibra_t~on 
check on all channels as outhned mSectlOn 3.1.2.. .: . 

I ;:. 

4.1.3 The bridge balancing in Step 3 .. 1.2 may offset the true zero of the brid~e respec
tiye to the n,ridJ?oint of th~· ~mplifi.er operation range and ~ay c~use clIpping of 
hIgh dynamIC sIgnals. ThIS IS partIcularly true for the vertIcal bndges because the 
test vehicle may be parked at a peak bridge output position"when the bridges are 
balao:ced. In order to p~~venHhe J?0ssibi1i~ of clipping during operation, ad~ust 
the balance of the condItioners whIle runmng on tangent level track between 5 
and 20 mph, such that the: balance LED indicators flash symmetrically between 
red and green. 

4.1.4 A check can be performed by. monitoring the output with an oscilloscope to 
ensure the signals are symmetrical around zero. . I 

-
4.1.5. Quality verifysign'al conditioning setup is complete 
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5.0 WHEEL ANALYZER OPERATION 

5.1 Start Up 

TASK NUMBER PROCEDURE QAINITIAL 

5.1.1 

5.1.2 

5.1.3 

Daily start up of the wheel analyzer system consists of inserting the 3.5-inch 
program floppy disk into the computer system's floppy disk and then ap.{'lying AC 

. power to the computer system. The computer system will then execute Its 
mternal ROM-based diagnostics, and upon successful completion, attempt to load 
the necessary programs from the floppy disk. Should the floppy disk not be 

. installed, the computer will write an error message to the morutor. Once the 
floppy disk is inserted in the disk drive, the loading can continue by depressing 
any key on the keyboard. . . 

Thecompute.r system first loads the MS-DOS operating system. It then loads the 
AUTOEXEC.BAT command file. This file contains a series of commands that 
are executed automatically without user interaction. A series of screens will 
appear, pausing with the menu screen. The menu screen presents the option of 
loading/running the program for either wheel set WS-17 or WS-1S. Depending 
upon which wheel set is connected to the wheel analyzer, the user must select the· 
corresponding program. This is done by depressing the 1 key for WS-17 or the 2 
key for WS-IS on the computer's keyboard. Note: Depressing any other key will 
have no function and the computer will respond with a beep; furthermore, the 
correct program must be loaded, otherwise the wheel analyzer's output data will 
be meaningless. . . 

. Upon selecting the desired wheel analyzer program, the computer will copy 
the respective program from the. floppy disk to a virtual disk created in memory. 
This virtual disk is not a physical disk and only exists in the software, hence its 
name ''virtual''. The program will remain on the virtual disk until AC power is lost 
or the computer is re-booted. Mter the respective wheel analyzer program is 
copied, the monitor's screen is cleared and two messages are written to the 
screen. The first message states the floppy disk can now be removed. The floppy 
only needs to be re-inserted if the computer is to be re-booted. The second mes
sage confirms which wheel program was loaded. 
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5.1.4 

. 5.1.5 

5.1.6 

5.1.7 

5.1.8 

From this point on, the computer is running the selected wheelanalyier- proghim. 
As described earlier the wheel analyzer will be in the "HOLD" mode and control 
of the wheel analyzer is via the push buttons on the control panel. The keyboard 
in no longer needed an~ .~~~ ,~.~ stored in its drawer. - , :.,~ : 

The wheel analyzer alsoh~ a program that ''blanks'' or turns off the monitor's 
screen automatically after 3 nnnutes of no keyboard or screen activity. The pur
pose of this feature is to prevent images left on the screen from extended periods, 
from b.eing ''burned'' into .the screen's "CRT': The screen blanking program runs 
simultaneously along with the wheel analyzer program with ne~ligible perform
ance degradation. The screen will ''blarik'' after 3 minutes of eIther no keystrokes 
or writing to the screen by the wheel analyzer program. As a result, once the 
wheel analyzer pro~ram has been running, and the above conditions have been 
met, the monitor WIll "blank" itself. Upon either the program writing to the 
screen or a key' being depressed,. the monitor will turn on and the 3 minute time 
out counter WIll be reinitiated .. It is suggested that should it be necessary to deter
mine if the wheel analyzer program is running, that either the "CfRL" key or the 
current analyzer's mode push button be depressed. 

Once the wheel analyzer program is running, it continues executing until either 
the computer is re-booted or a program software error is encountered. Re
booting the computer is performed via the computer's front panel "RESET' .. push 
button or by depressing theCfRL, ALT, and DEL keys simultaneously on the 
computer's keyboard. Re-booting the computer requires the floppy disk to be 
reinserted into the disk drive. . 

Should the program encounter a software error, the wheel analyzer program will 
stop executmg, and error message will be written to the screen. This error mes
sage should be copied for diagnosis. A message will also appear on the screen 
prompting the user to depress any key on the keyboard to restart the wheel. 
analyzer program. Note: The floppy disk is not needed to restart the program 
with this method. In the unlikely event that depressing a key does not restart the 
program, it may be necessary to manually restart the program. This is accorn- . 
plished by typing the command IITRI followed by the RETURN key on the key-
board: . . 

Quality v1erify wheel analyzer is completed. 
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,,5.2 Wheel Analyzer. Calibration 

TASK NUMBER PROCEDURE QAINITIAL 

5.2.1 In order to ensure the wheel analyzer contains the necessary calibrations for each 
,channel, the control panel is used to selectJhe desired analyzer mode. 

, , 

5.2.2', 
" 

,Calibration should be performed after ,running on tangent track at low speed and 
all dynamic ~alancing has been performed as outlined in Sections 4.1.4 to 4.1.5. 
The test vehIcle should be stopped on level'tangent track. 

5.2.3 , Press the ZERO switch on the control panet' for two seconds, and release. 

5.2.4 While pressing the 17 or 18 CAL switch on the tektronix's panel, press the CAL 
switch on the appropriate control panel for two seconds and release. 

5.2.5 ' Release the 17 or 18 CAL switch on the tektronix panel. 

5.2.6 Perform Steps 5.1.3 through 5~1.5 for each wheel set. 

5.2.7 Quality verify wheel analyzer calibration is complete. 
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5.3 Wheel Signal Processing 

TASK NUMBER' PROCEDURE QAINITIAL 

5.3.1 To place the wheel analyzer mode into operation from HOLD mode, begin train 
operations.' . 

5.3.2 When the speed reaches ap{>roximately 5 mph, press the RUN WW switch. This 
begins calculation of a runrung zero.. . . ., .. c ... : . 

5.3.3 After approximately 15 seconds, press the RUN HIGH switch. The analyzer will 
now fue ready to perform testing. 

NOTE 

. The analyzer can be used to collect data in the 
RUN LOW mode, but m~st be placed in the HOLD mode' 

while stopped or else math errors will occur, and the. 
program will stop. If thisoccurs, the calibration procedures 

in Section 4.2.2 must again be performed. Also, an occasional 
D/A error may occur when switching to RUN LOW or RUN HIGH. 

This is normal and no action is required. 

• •• L-

5.3.4 Occasionally, the system should be placed in the RUN LOW mode for 15 seconds 
while the train is running toreca1culate the running zero. This should be per
formed once per hour for the first few hours of operation, and then every two to 
three hours after that. 

~"- '.-' 
-',. 

5.3.5 The system may be shut down at any time without damage to equi{>ment, but will 
have to be re-booted upon power up. The calibration procedures In Section 5.2.3 
through 5.2.5 will then have to be performed. . 
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NOTE 

At this point the instrumented wheel sets are properly 
. . installed and calibrated. All testing should be completed 

before tearing down the system as outlined in Section 6.0. 

I, 

6.0 TEST TEAR DOWN 

TASK NUMBER PROCEDURE' QAINITIAL 

6.1. 

6.2 

.6.2.2. 

. 6.2.3 

Perform calibration operation as outlined in Section 3.0. Label data as Post Test 
-Calibration. _ -

Remove all cables and J-boxes from the test vehicle. 

Clip the wire securing the slip ring cap screws and carefully remove the slip rings 
by removing the cap screws, carefully pulling the assembly out a few inches, and 
finally disconnecting the slip ring from thewhe~l connector. Be sure to remove 
and, save the rubber vibration gasket. 

~ Replace the instrumented wheel sets with the ()riginal set by removing the 
trucks. 

Replace the trucks and ensure all brake rigging is connected and operating pro
perly. Ensure original MLC bearing adaptors and texpad are placed back into 
_service. 
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NOTE 

Operations to perform as in the AAR Car Manual 

6.2.4 Pack and store ali wheel sets, J-Boxes'-slip rings, cables, and support hardware. 

7.0 QUALI1Y VERIFICATION 

TASK NUMBER PROCEDwm 

7.1 Quality verified that PKRG-3400 is complete and closed. 

QAINITIAL . 

7.2 Authorized QA signature_'_~ __________ _ 
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" PEACEKEEPER RAIL GARRISON 
PROCEDURE PKRG-3300 

INSTALLATION, CALIBRATION AND OPERATION OF" 
ENSCO 38-INCH INSTRUMENTED WHEEL SETS 

1.0 DESCRIPTION 

1.1 

This procedure outlines the sequence of steps to be taken for the installation, calibra
tion and operation of the ENS CO 38-inch Instrumented Wheel Sets. 

INDEX 

1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
2.0 
2.1 
2.2 
2.3 
3.0 
3.1 
4.0 
4.1 
5.0 
5.1 
6.0 

Description 

Index 

Equipment 

Figure List 

Table List 

Reference List 

Test Documentation List 

Installation of Equipment 

Installation of Instrumented Wheel Sets 

Installation of Slip Rings and Housings 

Inter-Connect of Th"e System 

System Calibration 

Shunt Calibration 

Daily Operations 

Signal Conditioning Calibration 

Test Tear-Down 

Test Equipment Removal And Original Equipment Reinstallation 

Quality Verification 

PROCEDURE PKRG-3300 292 1 



1.2 EQUIPMENT LIST 

a. 2ea. 

b. 2ea. 

c. 2ea, 

d. 2ea. 

e. 2ea. 

f. 4ea. 

g. lea. 

h. 4ea; 

1. 4ea. 

J. 2ea. 

k. 

1.3 FIGURE LIST 

Figure 2-1. 

Figure 2-2 

1.4 TABLE LIST 

Table 3-1 

Table 3.,2 

Table 3-3 

Table 3-4 

Table 4-1 
Table 4-2 ,,' 

Table 4-3 

Table 4-4 ' 

~ ",1: J, .~. '\' , ~ -' . 3.: 

38" Instrumen,ted .Wheel Sets' 

ENSCO Signal Conditioning Units, " " 

ENSCO Wheel Set Processor Units 

Keyboard Drawer Units 
",' ,.j-

Interface Panels ' 

Slip Rings, , .~ 

Digital Volt Meter 

Machined Bearing Adaptors 

Protection Housings 

Magnet Rings 

All Safety Equipment As Required 

System Cabling (slip rings) 

System Cabling 

Excitation Setup Table, Blank Table, Axle 1 

Excitation Setup Table, Blank Table, Axle 2 

Gain Calibration Blank Table, Axle 1 

Gain Calibration Blank Table, Axle 2 

Excitation Setup Table 250-foot Cable, AXle 1 

Excitation Setup Table 250-foot Cable, Axle 2 

Gain Calibration 250-foot Cable, Axle 1 

Gain Calibration 250-foot Cable, Axle 2 
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1.5 REFERENCE LIST 

PRKG 2100.... Truck Inspection Procedure 

PKRG 3100.... . Instrument Installation Procedure 

M1001.. ..... . Manual of Standards and Recommended Practices, 
Section C, Part II, Volume I, Chapter XI 

TIC Operation Rules for the Test Transportation Test Center, 
. Pueblo, Colorado, AAR, November 1, 1989. 

Peacekeeper Rail Garrison Test Implementation Plan, (for 
appropriate test car), Chapter XI testing 

ENSCO Operating Manual 

TIC Safety Rule Book 

1.6 REFERENCE DOCUMENTATION 

NONE 
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NOTE 

All personnel involved in the performance of this procedure or 
observing the testes) will comply with the TIC Safety Rule Book. 

. ;;.' 

'.1 . 

2.0 INSTALLATION OF EQUIPMENT 

2.1 Installation Of Instrumented Wheel Sets 

. TASK 
NUMBER 

. ; ;" .: 
", . 

. 'PROCEDURE 

2.1.1 Refer to the Test Measurement List located in PKRG-3700 and deter
mine the location of the wheel sets to be replaced with the Instrum
ented Wheel Sets. 

2.1.2 Remove the trucks contaiHirlg'!he wheel sets to be replaced from the 
test vehicle. ' 

2.1.3 Replacethe original wheeI'sets with the Instrumented wheel sets usin.g 
the machined bearing adaptors supplied with the Instrumented Wheel 
Sets. The bearing adaptors for the A-end of the wheel sets are matched 
and must be used wit~ the samewh~el,s~t in whiCh it is l~bel~d (wheel 
set lor 2). The B-end bearing'adaptors are interchangeable. 

:,C 

2.1.4 The A-end of the wheel set should be placed on the left side of the 
vehiCle. Left is defined when standing on .the ground facing the B-end 
of the vehicle. 

2.1.5 Place .the trucks underneath the test vehicle, but DO NOT connect the 
brake rigging. Remove the, brake rigging up to ensure that it is not 
~bb~n& on the axles (this cou~ld cause damage to the strain gage 
CIrCUIts). ' ,.'. 
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2.2 Installation Of Slip Rings and Housings 

TASK 
NUMBER PROCEptJU 

2.2.1 

2.2.2 

There are two slip rings used witheacp. axle of the Wheel/Rail Force 
Measurement and Processing SysteI11. The slip rings are Michigan 
Scientific Model # SR36. -

The slip rings are not wired .iden~icql1y and th~,proper slip ring must be 
mounted on the correspondmg sIdes. The ASIde of the wheel set , 
contains the pulse encoder and therefore the slip ring with the plastic 
~olc::x connector is placed .on ~his s~de. The B SIde has the Torgue 
CIrcUlt and therefore the shp nng WIthout the:Molex connector IS placed 
on this side. .-

NOTE 

The slip rings should not be installed until the 
instrumented axle is installed tinder _ the test vehicle. 

2.2.3 When the axles are installed under the test vehicle the bearing adapter 
marked one should be installed on wheel A axle one and the adapter 
marked two should be ,installed on wheel A rude two. 

2.2.4 Insure texpads are installed on ENSCO bearing adaptor. 

2.2.5 To attach the slip rings to the axle: 

2.2.5.1 Mount the two end caps to the axle (the end caps are not interchange
able). The end caps with the 8-32 taped hole must be mounted on the 
A wheels with the end cap marked one mounted on axle one and the 
end cap marked two mounted" on axle two; The :other two end caps may 
be mounted on either axle. 

296 
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NOTE 

The slip rings should not be installed until the . 
instrumented axle is installed under the test vehicle. 

2.2.5.2 After the rings are mounted attach the six shock mounts (Lord #J-
6984-22) to each end cap. Connect the connector in the axle to the 
connector on the rotor end of the slip ring and secure the slip ring to 

2.2.5.3 

2.2:5.4 

2.2.5.5 

the shock mounts with the supplied hardware. . 

After the slip ring has been attached-install the slip ring housing 'over' .( 
the sliJ? ri~g. The .slip ringbousing attaches to the bearing adapters .. _: ~, 
The slIp rmg housmg marked one should be attached to wheel A axle 
one and the housing marked two should be attached to wheel A axle . :;. 
two. The other· housings may be mounted on either aXle. 

On the A wheel connect the Hall-effect switch connector to the slip ring 
output connector. Adjust the Hall-effect switch for a gap of l/8-inch to 
the magnet. Adjust the angular orientation of the Hall-effect switch so 
that it is directly over the.rotating magnet with the wheel contacting the 
rail at 97.5 degrees (between the 90-degree and the lOS-degree marks . 
stamped on the side if the wheel). 

Attach the slip ring output connector to the slip ring housing and attach 
the housing cover to the slip ring housing. DO NOT USE RTV TO 
WEATHER PROOF THE HOUSING. Use micro-measurements 
M-COAT B or 3M weather stripping adhesive available at auto parts 
stores .. 

CAUTION 

Prolonged exposure to RTV fumes, even from cured 
electronic grade RTV will ruin the contact surface • <. 

between the slip ring brushes and the rotor. 

2.2.5.6 Install the cover for the Hall-effect switch on the slip ring hOUSIng 
(wheel A only). Use the. rubber gasket supplied. 

2.2.5.7 Quality verify that the installation of the slip rings and housings is 
complete. . 
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2.3 Inter-connection of the System 

TASK, 
NUMBER 

, ' 

PROCEDURE 

NOTE 

To complete the following steps refer to 
Figure 2-2 drawing #1979~B-251O " 

2.3.1 There are two cables that connect the Signal Conditioning Unit with 
each wheel. One of these cables is 140 feetlong and the other is 100 ' 
feet long~" The 140-foot cable must be used since this cable connects to ' 
the seu. The 100~foot cable is an extension cable .and should only be 
used if a cable lengt.h of ~reater than 140 feetis·needed. Each of the 
100-foot cables are Identical. ' ,,' 

NOTE 

Allow enough slack in the Inter Car Cables 
. to accommodate curving. 

2.3.2 The cables are labeled as follows 

AXLE/WHEEL, 

lA 
1B 
2A 
2B 

140 Fr. CABLE' 

WIAl,' 
WIBI 
W2Al 

,W2Bl 

100 Fr. CABLE 

W1A2 
W1B2 
W2A2 
W2B2 

2.3.3 There is one cable that connects the SeD and the computer. This cable 
is labeled as follows: ' 

AXLE/WHEEL 

1 
2 

,CABLE 

WI-3 
W2-3 
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-----_. 

2.3.4 There are two cables for each system's output. They are connected as 
follows: 

AXLE/WHEEL CABLE t ~ I ' 

1A <---> Wl-4 
1B <---> Wl-5 
2A <---> W2-4 
2B' <.---> W2-5 

2.3.5 Quality verify that the inter-connection is complete. 

3.0 SYSTEM CALIBRATION 

3.1 Shunt Calibration 

TASK 
NUMBER 

3.1.1 

3.1.2 

PROCEDURE 

The calculated calibration voltages must be modified to take into 
account the cabling from the bridges to the amplifiers. If at any time 
the cable lengths are either lengthened or shortened this procedure 
must qe performed; furthermore, it must be performed to establish-the' 
reference calibration voltages at the amplifiers during the original . 
installation. This procedure is also useful to confirm the proper opera- . 
tion of the system: ' 

Connect a break-out.box between the slip ring connector and the cable. 
going to the instrumentation. 

NOTE 

Establish communications between personnel 
inside and outside the instrumentation vehicle. 

3.1.3 Connect a volt me"ter between + P and -P on the break-out box. Adjust 
R8 on the corresponding board for 11.00 + / - , .05 volts at the break
out box. 
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3.1.4 Record the voltage measured between TPI and TP4 and on, the corre
sponding board. 

3.1.5 Voltages for daily use are listed in Table 3-1 and 3-2. 

3.1.6 Repeat Steps 3.1.3 through 3.1.5 for all channels. 

3.1.7 Connect a,volt meter between T3 [Fl] and T4 [G] on the front of the 
board. AdjustR2 [BL] for 0.00 +/ - 0.01 volts DC. This adjustment 
compensates for the bridge unbalance. 

3.1.8 The calibration resistors on the 11 string gage conditioner boards are as 
follows: 

3.1.9 

3.1.10 

3.1.11 

BOARD 

Vab 
Vc 
L 
T 

CALIBRATION 
RESISTOR OHMS 

249,000 
349,650 
87,150 
499,000 

These values will be used in the following step. 

Connect a volt meter between T3 [FI] and T4 [G]. Connect the 
appropriate calibration resistor (see Step 3.1.7) between the + P and 
+ S terminals on the break out box, and adjust R7 [G] for the voltages 
given inTable 3-3 and 3-4. 

Remove the calibration resistor from the break out box. Switch SWI 
down (switchingjn the calibration resistor on the board) and record this -
voltage in the table in Step 3.1.7 as the reference,calibration voltages at 
the amplifier. -

Repeat Steps 3.1.7 through 3.1.10 for all channels. 

. PROCEDURE PKRG-3300 

300 



4.0 DAILY OPERATIONS ,,_,I, ,". 

",',' , 

4.1 Signal Conditioning Calibration 

TASK 
NUMBER c' .. ~, : PROCEOURE' 

4.1.1 

4.1.2 

4.1.3 

4.1.4 

4.1.5 

4.1.6 

'. I .':" ': " .,,' I.i" . . 
Connect a volt meter between T1[+ P] and T4 [G] on the front of the 
board .. Adjust R8 [ + P] for the voltages ( + / - .05 volts) in the bridge 
execution list in Table 4-1. -, !;:c-.: 

Ensure that the Table for the iengtli 'of cable is being used. 
I • t " , '. 

-','1-

If the cable lengths have chan~eddue to a change in the configUration 
of the consist length after the 'mitial-setup, perform the Shunt Calibra
tion in Section 3.0 and create 'new excitation and gain calibration tables. 

: .'. ,.", :; . . , ""j'; 

Connect a voltmeter between T3 [PI] .and T4 [G] on the front of the 
board. Adjust R2 [BL] for 0.00 + / - 0.01 volts DC. This adjustment 
compensates for the bridge;unbal~nce .. 

• • L L' : • .' ': ~," 

Connect a volt meter between T2 [0] and T4 [G] on the front of the 
board. Adjust R16 [O/S] for 0.00 + / - 0.01 volts DC. This adjustment 
sets the output offset. 

Connect a vblt meter betweenT2-[O] andT4 [G}. ·Switch SWI down 
[switching in the calibration r,esistor] and adjustR7 [G] for the shunted 
wheel shunt voltages given iii the- gain calibration list Table 4-2. Be 
sure touse the table forthe leJ~g~p of ~able being used. 

4.1.7 Switch SWlup [switching out the·calibrationr,esistor]. 

4.1.8 Repeat Steps 4.1.1 through 4. 1.7 for all nine b~idge channels . 
. -" . .' \" . 
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4.1.9 A waiting period of approximately 30 seconds after switchIng ouithe .. , 
calibration resistor is needed before the channel has valid data. This 
period insures the high pass filter has settled from the square wave 
Impulse produced by the calibration signal. .:.,. · .. ;. ~. ,.' 

4.1.10· The bridge balancing in Step 4.1.4 may offs'et the true zero of the bridge 
relative to the midpoint of the amplifier 'operation range enough to 
cause clipping of the high .dynamic signals. This is particularly true for 
the vertical bridges, because, the car can be parked at a peak bridge 
output position with a high wheel load when the bridges are balanced. 
In order to prevent the possibility of clip ping, view the DC voltage 
between T3 [F1] and T4 [G] with the car moving and adjust R2 [BL] to 
o volts + / - 1.0 volt DC. This adjustment does not effect the running 
zero because it is maintained by the highpass filters. 

4.1.11 Do not perform Step 4.i.100nthetorque·bridg~. There are two ways 
to get a.zero reference focthe torque bridge. The first isto lift one 
wheel. The second is to stop on level tangent" track and note the torque . 
output, then back up and stop again. The average of the two levels will 
estimate true zero. 

4.1.12 Quality verify that the signal conditioning calibration is complete. 

4.2 Computer Operations 

QA TASK 
NUMBER PROCEPURE . INITIAL 

4.2.1 Boot the computer using' the hard disc (drivtiC:). To use the execut
able version type CD TEST, this changes the directory to test; next, 
type WH1 C2MA for wheel set 1 or WH2C2MA for wheel set 2. The 
following prompt will appear on the screen: 

WEST WHI * * * *PROGRAM FOR REAL TIME WHEEL SET PRO
CESSING @ 300HZ AXLE 1 

This program samples the wheel set bridges, torque bridge and rota
tional reference pulses; as amplified analog voltages. It processes the 
raw signals in real time and outputs analog voltages representing the 
vertical and lateral wheel forces, the force ratios and the axle torque 
forces. You may view the I/O channel assignments and generate 
calibration signals within the program before starting data collection. 
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Pressing the Fl key will start data collection, and pressing the F2 key 
will exit to DOS >Pre~sing the-FlO key halts data collection in the Idle 
mode..and displays current a/dinputs. 

(-: 

Do you wish to see the channel ~signments? (Y or N) 

4.2.2 If a daily check of amplifier zeros and gains has already been per
formed according to the Operation and Maintenance Manual, Press "N" 
then the function key Fl to start processing. If the pro~ram must be 
exited for any reason press Fl th~n·F2. If this is the irutial daily set-up, 
the volt meter function of the proglanimay be used to assist in check
.ing the amplifier gains. Press FlO to enter the volt meter mode and 
refer to the Ensco Operations Manual, Appendix A for more detailed 
operation. 

4.2.3 Pressing Fl starts processing andAi~plays the following prompt:. . 

AXLE 1 DATA COLLECTION UNDER WAY; *PRESSF2* TO 
EXIT -:r:O DOS . 

.. 
*PRESS FIO* TO STOP DATA. COLLECTION AND VIEW A/D 
INPUTS . '. -

4.2.4 The vehicle must be moving at least 10 mph for oscillating bridge 
signals to avoid attenuation by the high pass zeroing filters; further
more, it requires several wheel revolutions for the freshly booted pro
gram to establish the correct flange .clearance correction factors and the 
sign of the lateral force. At this point, data collection is under way with 
the correctly scaled analog output voltage atthe rear panel connectors. 
The computer makes a clicking sound to indicate that the program is 
operating properly. The clicking sound increases with respect to speed. 
The vehicle must be moving before the clicking starts .. 

I ... . 

4.2.5 If the clicking stops re-boot the computer and call the program, answer
ing N to the prompts for the various setup aids. The volt meter mode 
may be toggled in and out with the FlO key to provide an idle mode 
without. the clicking or to check the integrIty if the various channels. 

;. ,~ 

4.2.6 The system may be shut down at any time without damage to the 
system; however, the system will have to be re-booted when the system 
is re-powered. - . 
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NOTE 

If the processedbutput appears to contain square 
waves when starting a run, the program bas not synced' and must be 

stopped, and started again. This is done 
by pressing FlO tWice. ' 

, NOTE 

At this point the instrumented wheel sets are properly installed and 
calibrated. All testing should be cOIIlpleted before tearing down 

the system as outline.din section 5.0. ' 

5.0 TEST TEAR-DOWN 

5.1 Test Equipment Removal and Original Equipment Reinstallation 

TASK 
NUMBER 

"- -

PROCEDURE 

J.1.1 Perform calibration operations as outlined in section. Label data as 
Post Test Calibration. 

," ~. ;: 

5.1.2 Remove all cables from the test vehicle: . .' " 

5.1.3 Remove the end plates on t~e bearing housings . 
• "Ir 

5.1.4 Remove the,screws holding the connector to the housing. 

5.1.5 Cut all wraps attached to the housing; and disconnect the pulse connec-
tor on the A wheels. ' 

5.1.6 Remove the bearing housings. 

5.1.7 Carefully/remove then~t~ holding the slip ring. Pull the slip ring out 
far enough to disconnect the cable connector on the rear. After 
disconnecting the slip ring, push the connector back flush with the end 
of the bearing. 

, PROCEDURE PKRG-3300 
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5.1.8 Replace all screws. 

5.1.9 Store all equipment in a safe place. 

5.1.10 Replace the instrumented wheel sets with the original wheel sets by 
removing the trucks. Be sure to save the machined bearing adaptors. 
Be sure to install texpads back into oIjginal wheel sets. 

""NOTE" 

Operations to be performed as in the AARCar Manual 

"6.0 QUALITY VERIFICATION 

TASK 
NUMBER 

'-'C"", •. 

PROCEDURE 

6.1 Quality verified that PKRG 3300 is complete and closed. . . " ~.~. .. 

6.2 Authorized QA signature_""'"'--____ ...,.--~ _____ _ 

, ~, 

- ' .. -
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l' 

,. 
'. ' 

",' . 

. . 

AXLE 1 

SCU 
' , 

BRIDGE BRIDGE 
CARD WHEEL . SIGNAL, ' EXCITATION EXCITATION 

* ** 
1 A VERT A 11.00 + I- .05 

2 A VERTB 11.00 + /- ;05 

3 A VERTC 11.00 + /- .05 

4 A LATA 11.00 + /- .05 

5 A LATB " ·q~oo + / - .05 ; ... 
" , 

6 B VERT A ' ... 11.00 +/- .05 

7 B VERTB 11.00 + /- .05 

8 B VERTC . -11.00 + /-.05 

9 B LATA 11.00 + /- .05 

10 B LATB 11.00 + / - .05 
-

11 B TORQUE 11.00 + / - .05 

* AT THE WHEEL 
** AT THE AMPLIFIER WITH ACTUAL CABLES 

Table 3-1 Excitation Setup Table Blank Table 
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AXDE2 
- ~" , ." ... ',.' ..... ' 

SCU , BRIDGE BRIDGE 
CARD WHEEL SIGNAL 

., 
EXCITATION EXCITATION 

* ** 
1 " .A VERTA' J1.00 + 1-.05 

2 A VERTB .,' '11.00 + 1-.05 

3 A ·VERTC .; 11.00 + 1- .05 

4 A LATA 'It:OO + 1- .05 , 

5 A LATB ... , ... 11.00 + 1- .05 

6 B VERT A ".' 11.00 + /- .05 

7 B . VERTH-' '!: -.', 11.00 +/- .05 

8 B' VERTC ','-:. 11:00 +/- .05 

·9 B LATA, 11.00 -+- 1--.05 

10 B LATB 11.00 + 1- .05 

11 B TORQUE ' 11.00 + 1- .05 
, . 

* ATTHEWHEEL 
** AT THE AMPLIFIER WITH ACTUAL C~BLES 

Table 3-2 Excitatioll Table Blank Table 

PltoCEDUREPKRG-3300 16 
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AXLEl 

" 

'SHUNT SHUNT 
SCU WHEEL ,SIGNAL CALIBRATION CALIBRATION 

CARD RESISTOR RESISTOR 
* ** 

1 A VERT A: 2.90 

2 A VERTB 2.90 

3 A VERTC' , ,. 8.23 
, 

4 A LATA ' , 3.79 

5 A LATB ., 3.79 

6 B VERT A -- " 2.86 

7 B VERTB 2.86 

8 B, VERTC -- 8.12 

9 B LATA 3.86 

10 B LATB '-. ", 3.86 

11 TORQUE' , 6.21 

* AT THE WHEEL 
** AT THE AMPLIFIER WITH ACTUAL CABLES 

Table 3-3 Gain Calibration Blank Table 
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J\XLE.2 

: :": .. 
SHUNT 

S,CU WHEEL SIG~AL CALIBRATION 
CARD :lmSISTOR 

. . ... ,." • 
1 A VERT-A': : 

" 2.93 

2 A VERTB 
, 

" ' 2.93 

3 A VERTC' 8.32 

4 A LATA .. 
.' 

--,: , 3;81 
, ~ 

5 A LATB 3.81· 

6 . B . VERT A , .. ,2.96 

7 B VERT'B·, 2:96 

8 'B" < VERT~Cc' , , 8.41,' 

9 B LATA" ., 3.79 

10 B LATB"" ", .. - 3.79 

11 " ,TORQUE , , 6.20, 

• ATTHEWHEEL i' 

, •• AT THE AMPLIFIER WITH ACTUAL CABLES 

3(9 

TABLE 3-4 GA'IN CALIBRATION 
BLANK TABLE 

P,ROCEOVRE PKRG-3300 

. SHUNT. 
CALIBRATION 

RESISTOR 
• • 

'\\ 

-

., 

" . 

.. 

\ 
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SCU 
CARD 

1 
-2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

WHEEL 

A 

A 

A 

A 

A 

B 

B 

B 

B 

B 

B 

• AT THE WHEEL 

SIGNAL 

VERT A 

VERTB 

VERTC' 

LATA 

LATB 

VERT A 

BRIDGE 
EXCITATION 

* 
-:11:00 +J -.05 

---11;QO + /- .05 

-11.ob + /- .05 

11.00 + / - .05 

----11.00 + /- .05 

11.00 + t- :05 

VERT B -111.00+ /-.05-

VERT C-""'~111.00·+ /-.05 --

LATA -'j i:oo: + 1- ;05 

lATB ';11.00-+ /- .05 

TORQUE :11.00 + / - .05 

•• AT THE AMPLIFIER WITH ACTUAL CABLES 
':., , 

BRIDGE 
EXCITATION 

** 
11.84 

11.81 

11.39 

11.38 

11.42 

11.75 

11.76 

11.42 

11.39 

11.36 

11.26 

TABLE 4-1 Excitation Setup Tables 250-foot Cables 
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AXLE 2 

SCU BRIDGE BRIDGE 
CARD "WHEEL SIGNAL '. EXCITATION EXCITATION 

* ** , 

1 A VERT A 11.00 + j- .05 i1.69 

2 A VERTB ... 11.00 + /- .05 11.68 

3 A VERTC : lLOO + j- .05 11.35 

4 A .. LATA _ .. 
,11.00 + j- :05 - . 11.32 

.. 

5 A LATB- 11.00+ j- .05 1l.36 

6 B VERT A . 11.00 + j- .05 11.68 

7 B VERTB < • 11.00 f j- .05 11.68 
8 . B VERTC- 11.00 +t .05 11.37 

9 B LATA": ,,~- 11.00 +!:. :05 11.39 .' 

10 B LATE' 11.00' + j -' .05 11.37 

11 B TORQUE - ... 11:00 + j- .05 11.25 
. . " . ~ - ~, 

* AT THE WHEEL -.,. -
** AT THE AMPLIFIER WITH ACTUAL CABLES 

TABLE 4-2 Excitation Setup Table 2S0-foot Cables 
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AXLE 2 

···SHUNT SHUNT 
SCU WHEEL SIGNAL . CALIBRATION CALIBRATION 

CARD "~'RESiSTbR RESISTOR 
* ** , . 

1 A VERT A " "c., 2.93 3.38 

2 A VERTB: ' ." ., ~" 2.93 3.34 

3 -A VERTC " 832 8.87 

4 A LATA . 3.81 4.09 

5 A LATB 3.81 4.09 

6 B VERT A .. J~: :. ~" .. 2.96 3.27 

7 B VERTB .. ,,::.: 2.96 3.24 

8 B :VERTC ., T' .. ,8.41 8.69 

9 B LATA 
, 

3.79 4.12 ,. .. 

10 B LATB ... 3.79 4.13 

11 TORQUE. 6.20 6.50 

* AT THE WHEEL 
** AT THE AMPLIFIER WITH ACTUAL CABLES 

Table 4-3 Gain Calibration 250-foot Cables 
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. AXLE 2 

SHUNT SHUNT 
SCU WHEEL SIGNAL CALIBRATION CALIBRATION 

CARn RESISTOR RESISTOR 
* ** 

1 A VERT A 2.93 3.31 

2 A VERTB 2.93 3.28 

3 A VERTC 8.32 8.85 

4 A. LATA . 3.81 4.05 

5 A LATB 3.81 4.05 

6 B VERT A 2.96 3.35 

7 B VERTB 2.96 3.33 

8 B VERTC 8.41 8.95 

9 B LATA 3.79. 4.03 

10 B LATB 3.79 4.03 

11 TORQUE 6.20 6.47 

* ATTHEWHEEL 
** AT THE AMPLIFIER WITH ACTUAL CABLES 

Table 4-4 Gain Calibration 250-foot Cables 
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