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Abstract
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issile Launch Car. -
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EXECUTIVE SUMMARY

The Transportation Test Center (TTC) 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 comrriercially available span bolster cars
(Tripiet Cars), and an additional test in which the middle span bolster car was replaced
with a mass simulated Missile Launch Car (MLC), were to provide a link between individ-
ual car perfdrmance and coupled car performance priof to the coupling of span bolster
Peacekeeper Rail Garrison (PKRG) cars to make up the PKRG train. Compéring
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 fesult is valid for trains of similar weight and length to the
PKRG train only. Longer énd 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 arid
in curve entry and exit perforfnance. 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



wheel sets, and one ATSF depressed center flatcar Aw‘ith 38-in=ch;whee} sets. The whcelsgt§,
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 testiﬂg 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 nﬁsaligﬂments, 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 resﬁlts that fell within Chaptef XI criteria. Lateral instability of the middle
and trailing car was noted at speeds over 60 mph. D&namic 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 chrve'entry and exit
spirals on a 12-degree cur§e. Constant curving performance was within Chapter XI

criteria.

Phase 11 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 tangeht track testing was limited to speeds of 60 mph or less at the Air Force’s

request.



Coupled span bolster car performance, with the relatively short simulated PKRG
traini, closely followed performance measured during single car testing of the PKRG span

bolster cars.
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1.0 INTRODUCTION

The Association of American liailroads (AAR), Transportation Test Center (’I'I'C)
Pueblo, Colorado, has contracted w1th the Federal Rallroad Adnnmstranon (FRA) to per-’
form vehicle performance tests on the Peacekeeper Rall Gamson (PKRG) rail cars |
according to spec1f1cat1ons in- Chapter XI AAR s, M- 1001 Manual of Standards and
Recommended Practices. _ |

These tests 1nc1ude static and quasr-statlc truck characterlzatron vehicle dynarmc
characterization, service worthlness testlng, and track worthrness testing..

The Chapter XI individual car test serles was performed for the PKRG Fuel Car
(FC), Launch Control Car (LCC) Mlssﬂe Launch Car (MLC) and Maintenance Car
(MC). The MLC and LCC have span bolster trucks desrgned to spread the car weight over
four conventional 3-piece truck suspensions. When the PKRG train is assembled several
span bolster cars wlll be coupled together. It \;vas determined by the Air Force that a pre-
liminary test to investigate coupled span bolster car perforniance would be prudent.

Three cornrnercially 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
suspensron separation under the influence of longltudrnal forces in a 10 degree curve.

Phases I and II of the Triplet testing preceded testlng of the actual Rail Garrxson 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 Atchison, Topeka and Santa Fe
depressed center flatcars with 36-inch wheel sets loaded at 400,000 pounds (ATSF 90006,



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 1I teSté were pérforﬁled with the same two 36-inch wheel set Triplet Cars and "
(the Missile Launch Car (MLC EMS-lj. The MLC, EMS-1 replaced the ATSF 90004 as the
middle car. | | |

Prior to the track worthiness portion of the Triplet test, a séparate test was conducted
at the requesf of the United States Air Force (USAF) through FRA. The heaviest car, .
ATSF 90004, was tested over tﬁe 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 couplea span bolster cars was demonstrated in  service worthi-
ness and track wbrthiness tests, and the TDM was validated against those cars, train per-
formance predicﬁions were to be made for the PKRG Train Test.

Thé vehicle characterization of the Triplet Cars is covered in a separate report ‘
entitled "Peacekeeper Rail Garrison Vehicle Characterization Test of Triple‘t 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.



3.0 SERVICE WORTHINESS/CURVE STABILITY PROCEDURES

Curve stability testing was performed on the 10;degfee curve of the south wye of the
Urban Rail Building access track. The curve has 1 /2-inéh 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 cﬁwe for buff and outside for draft. ‘The "Triplet Cars Service Worthiness Test

Procedure” may be found in Appendi)i A.

4.0 PHASE I OBJECTIVE

The objective of track worthiness testing was to measure the on-the-rail dynarrﬁc 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:

| o Lateral Stability on Tangent Track (Hunting)

¢ Constant Curving
e Spiral N egoltiation
¢ 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.



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 (1).
The smooth tangent and cufving tests are performed to document performaﬂce on
"~ nominal railroad tracks. The perturbed tracks are designed to excite importaht vehicle
mddes. This exéitation 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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Figure 5.1 Chapter XI Track Worthiness Test Facilities



Hunting was the first test performed. This test was conducted to confirm that hunting
(late;al oscillating instability in the trucks) did not occur within the normal operating
speeds of the car. Chaptér XI criteria for this test is lateral car body acceleration (g) of 1.0
g peak-to-peak sustained for 20 seconds, or 1.5 g peak-to-peak single occurrence, or an axle
sum L/V of 1.3 sustained for 50 rnillis_eéonds. |

Procedures for the H\inting Test may be found in Section 11.5.2 of Chapter XI. This
test was conducted on a 5,000-foot tangent section (between R38 and R33) of the Railroad
Test Track (RTI‘). Test runs were performed ét 30, 40, 50, 60 and 67 mph. All three Trip-
let Cars were pulled from the A-end. Four trailiﬂg 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 5.2 gives a description of the test track.

STABILITY

(HUNTING)

5000-FT.-TANGENT
89-FT.~JOINTED RAIL

" FRA CLASS 5 TRACK
OR BETTER

Figure 5.2 Hunting Test Track



The test consist, (Figure 5.3); included one to two locomotives és 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

Raproduced from
best available copy.




52 TWIST AND ROLL

Twist and roll testing was performed to determine the cars’ ability to ne,gotiate»cross
‘level perturbations. These pérturbations were designed to excite the natural twist and roll
motions of each car. Three Chapter XI criteria are given for this test: maximﬁm roll angle
of 6 degrees peak-to-peak, maﬁmum axle sum L/V of 1.3 sustained for 50 milli,secgnds,.
and a minimum vertical wheel load of 10 percent of the static wheel load suStained for 50
milliseconds. ,

The Twist and Roll Test followed Section 11.6.2 of Chapter XI and was conducted on
the Precision Test Track (PTT) at station 1646+ 10 to 1650+ 90. This section of the PTT
was shimmed to represent staggered jointed rail with a maximum cross level 4dev1'ation 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



5.3 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 isa change in
the underlying vertical support structure to the track. This phenomenon can also occur
- when rail joints are exactly in-phase on both rails. The results were compared to the Chap-
‘te_r 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 17é0+ 00 and was shimmed to represent parallel jointed rail with a 0.75-inch amplitudé

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

PITCH AND
BOUNCE

0.75 IN.

T &>

39 FT.

400-FT.-TANGENT
TRACK

Figure 5.5 Pitch and Bounce



5.4 DYNAMIC CURVING

~ The Dynarhic Curving Test determines the cars’ ability to negotiate curved track with
simultaneous cross 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) rﬁaximum 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 10-degree curve (station 1+00 to

3+50) of the WHeel/Rail Mechanism (WRM) track in accordance with Sectibn 11.6.5 of
Chapter XI. The 10-degrée 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.

DYNAMIC CURVING

70-DF GRE‘E CURVE

CROSS LEVEL DEVIATIONS 1/2-INC
39-FOOT WAVELENGTH
: ORI A s

COMBINED WITH
GAGE DEVIATIONS

56.5 INCHES to 5§7.5 INCHES
39-FOO0T WAVELENGTH

A~~~ HIGH RAIL
------------ LOW RAIL

Figure 5.6 Dynamic Curving Test Track

10



3.5 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 X1 Section 11.5.3.

WHEEL/RAIL
MECHANISM TRACK

CURVING TEST SECTIONS

3-DEGREEw
SPIRALS
DYNAMIC
CURVING
TEsT 5-DEGREE
SECTION 10~DEGREE CURVE—

« CURVE

«12-DEGREE
CURVE

BUNCHED SPIRAL ¥
TEST SECTION

4-DEGREE
CURVE
~

7.5-DEGREE
CURVE -~

DYNAMIC CURYING 10-DEGREE CURVE
BUNCHED SPIRAL 12-DEGREE CURVE ]
CONSTANT CURVING 7.6 and 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 performed at balance

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

following ‘formu‘la:

V=\lag0 L0

D

Where: 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 calculated +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:

\
Vi =Vo= (V.= V)
Where:
v , = speed at 3 inches underbalance

IV, = balance speed in mph

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

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

_ directions.
Table 5.1 Curve Speeds
CURVE SUPER BALANCE +3 INCH -3 INCH
DEGREE ELEVATION | SPEED SPEED SPEED
' (inches) (mph) (mph) (mph)
7.5 3 24 31 14%
12 5 24 328 16
* Calculated Nominal Speed’ '
** Maximum Track Speed

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 to rail 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/Vis 0.8. Entry |
and exit spirals were monitored during constant curving runs on the 7.5 and 12 degree
curve. The 7.5 degree 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 § 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 X1 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.

To 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

trailing 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 testing. A shortage of 36-inch

instrumented wheel sets prevented implementation of this configuration for the leading

and trailing Triplet Cars.

Operational Direction
- ———

Leading 36 " Car Middle 38 " Car Trailing 36 " Car

#1 #2 43 #4 #5  #6
Left Side Shown
Right Side Opposite

F ig@re '5.:8, Instrumented Wheel Set Placement for Yaw and Sway
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The Yaw and Sway Test was conducted in accordance with Sectiox\ki.,_ll.6.4 of Chapter
XI. Station 21+ 00 to 26+ 00 of the PTT was the site for this test. This seb}ion had sinusio-
dal lateral track alignment deviatiohs of wavelength 39 feet and amplitudes of 1.0 inches
peak-to-peak. on both raiis at a constant wide gagé bf 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.
NG

A A A AT

>

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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Turnout and crossover tests were conducted to deterr_'nine‘ if ‘the‘ cars were able to
negotiate standérd turnouts and crossovers with a margin of safety in wheel/rail forces. A
turnout is an afi‘angement of a switch and a frog with closure rails,'by which cars may be
diverted from one track to another. A crossover is an arfangemeﬁi of two turnouts with the
track between the frogs arranged to allow passage between two pérallel fracks. The
wheel/rail forces would indicate if there was a tendency for wheel glimb 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 vefify the 6perati0n of the vehicle through crossovers and turnouts. The
crossover from the Heavy Tonnage Loop (HTL) to the RTT (Switch NO. 307A & 307B)
was used for crossover testing. This is a No. 10 Crossover Witl:l 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

|

- FROG ~_ //‘1

" TRAILING POINT

4 CING POINT

Figure 5.11 Turnout
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6.0 PHASE II OBJECTIVE

.The objective of Phase II track wbrthiness tééting was to measure the on-the-rail
dynamic performance of the MLC, EMS-1 in a coupled span bolster cohfiguration. Vehicle
performance was monitored for the following Chapter XI test conditions: '

o 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.

18



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 11 tésts 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 I1.

Reproduced from:
best available cOpy.
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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 to be loaded to
simulate the USAF’s PKRG Launch Control Car (LCC) designed by Rockwell Interna-
tional. The overall length was 2 feet shorter and less than a foot narrower than the LCC.-

Rockwéﬂ Intérnational estimates the weight of the LCC at 404,150 pounds. The

ATSF 90006 test car was loaded with twelve 22,000-pound concrete blocks for a total car

20 4 '



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 106 in-Ibs-sec?, and in
the Y direction 4.9 x 107 in-lbs-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 centerﬂ 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 ridé 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.

© OO0
5 =
©00©

Figure 8.2 ATSF 90006 Spring Configuration

21



The 36-inch wheels were used in thé same condition they arrived. No additidnal pro-
filing was performed. |

The axle spacing within each 100-ton design truck was 70 inches. The truck center
spacing within a s;;an 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 depteSsed center. The car length
was 91 feet'.over strikers. Type E-60 ﬁght lock couplers with 15-inch FreightmaLster M-E

- cushioning devices were used.

82ATCH1$QN..TQBEKA.AND.SANIAEE.20.0.QZ

The ATSF 90007 depressed center flatcar was chosen for its ab111ty to be loaded to
simulate the Air Force’s PKRG Security Car (SC) designed by Rockwell International.
The overéll length was 2 feet shorter and less than a"f;il()t narrower than the SC.

The weight of the SC, as weighed at the TTC, was 410,550 pounds. All attributes of
- the ATSF 90007 are identical to that of the ATSF 90006. |

8.3AT£HISQN»TQBEKAAND_SANTAEE_20_ODA.

The ATSF 90004 depressed center flatcar, with 38-inch wheel sets is shown in Figure
83. | | |

2 .



Figure 8.3 ATSF 90004 (Loaded Condition)

The ATSF 90004 depressed center‘flafcar was chosen for its ability to be loaded to
simulate the USAF’s PKRG Missile Launch Car (MLC) EMS-1, 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-1, as weighed at the TTC, 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 106 in-lbs-sec?, and in
the Y direction 5.3 x 107 in-lbs-sec®. 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 ased 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 perforfned. The axle spacing within‘each 125-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 lohg with a 25-foot long depressed center.
The car lerigth was 86 feet 4 inches over pulling face of couplers. Type E—60 tight lock cou-

plers with a 15-inch Freightmaster M-E cushioning device was used.



The PKRG Missile Launch Car, Engineering Mass Simulator, Car WECX1003R is

shown in the loaded condition in Figure 8.4.

i
4

7
S gt
S e

Figure 8.4 Missile Launch Car EMS-1 (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 mrssﬂe and camster were simulated with con-
crete blocks ina steel truss. ‘

The car was not longitudinally symmetric. The operatlonal support equlpment (OSE)
bay was bolted tQ the B-end of the car. Thar bay would hold the launch hardware and envi-
ronmental contrel system. Those items were simulated‘wirh steel plates on the outside
walls of the OSE bay. While the mass and center of gravity of the EMS-1 czrr mé.y have
been similar to an operational model (OM), the polar moments of inertia were not neces-
~ sarily the same.

WEC estimated the werght of the loaded MLC at 554,000 pounds. The weight of the
MLC, EMS 1, as welghed at the TTC was 558 150 pounds. Span bolsters were required to
distribute the load over four trucks, two at each-end. The span bolsters were designed by
and constructed for WEC., | |

Four 125-toh design ride control 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 truc}r wes 72 inches. The truck center
spacing within a span bolster was 144 inches.‘ The overall Vleng‘th was 91 feet 7 inches. The

width was approximately 11 feet.



8.5 INSTRUMENTED WHEEL SETS

" Four 38-inch and four 36-inch instrumented wheel sets were provided to the TTC for
this test as Government Furnished Equipment (GFE). Two sets were manufacturéd 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
sfno‘oth and strain gaged. Vertical and lateral wheel force, and axle torque were calculated

from the strain gage output.

8.5.1 1ITRI 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 IITRI’s 386
based computer sysfem 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 tofqﬁe. The digital signals were then converted to analog.
~ Those analog signalé were displayed on strip charts during testing and acquired on thé
Hewlett-Packard (HP) Data Acquisition System (DAS) with the output from other frans-
ducers. Appendix D (1 and 2) contains the "IITRI Wheel Set Instrumentation, Calibratioﬁ,

and Oprerational Procedures."

8.5.2 ENSCO Instrumented Wheel sets

The ENSCO wheel sets were similar in désign to the IITRL. 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

27



between the axle and bearing adapter to monitor vttheel rotation. ENSCO used. two vertical
gage bridges, two lateral gage bridges, but no lateral posmon gage. ENSCO used a bridge
on the axle to measure torque. Slgnal 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

4

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 I, and one on the B-end of the trailing |
Triplet Car. All gyros were installed at floor level above the span bolster center bowl.

The output 51gna1 was a roll rate. This was electromcally 1ntegrated 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 huntihg test criteriort of 1.0 g’peak-to-pea'k sus-

tained for 20 seconds.
8.8 ADDITIONAL MEASUREMENTS

Vertlcally and longitudinally oriented accelerometers were 1nstalled 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



8.9 DATA ACQUISITION SYSTEM (DAS)

Analog 51gnals from 160 S1gnal conditioners were multiplexed and d1g1tlzed w1th a
HP-6944 multlprogrammer D1g1tal signals were acqulred 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 SERVICE‘WORTHINESS/ CURVE STABILITY RESULTS

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

the Curve Stability Test.
10.0 PHASE I TEST RESULTS

Pre test predlctlons were rnade for Phase I curving. The predlctlons were made usmg
a modlfled version of the NUCARS (New and Untried Car Analytic Reglme Slmulatlon) |
veh1cle dynamics program. The modifications were among those made to the orlglnal 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 asa guideline to measure the performance of coupled span bolster cars and to o
indicate safe conduct of each test. Vehicle performance was cornpéred 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 for 50 rriilliseconds, 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 10.1is a tabulation of hunting test results for the leading, middle, and trailing

Triplet Cars.
Table 10.1 Hunting Test Results
SPEED 'MAX P-P MAXIMUM AXLE
(mph) | LAT ACCEL (g) SUM L/V

LEADING TRIPLET CAR (ATSF 90006)
40 76 | 45
50 62 58
60 1.23 .57

65 138 88

67 1.45 .99

MIDDLE TRIPLET CAR (ATSF 90004)

40 79 | 45
50 84 45
60 1.45 95
65 1.52 94
67 1.54 1.16

TRAILING TRIPLET CAR (ATSF 90007)
40 31 45
50 46 45
60 87 42
65 .99 52
67 1.52 84




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 permitfed. 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.
102 TWIST 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 SO milli-
seconds, and (3) minimum vertical wheel load of 10 percent of its static value not tb 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. Instrﬁmentcd Wheel set numbering is from the lead
car A-end back toward the trailing Triplet Car B-end. Right ié 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 36 = Cor Middle 38 “ Car Tralling 36 ~ Car
\ .

#1 42 #3 #4 #5 #6
Left Side Shown “\
Right Side Opposite

Figure 10.1 Instrumented Wheel Set Numbering System
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- To verify proper instrumented wheel set operatiofl, the vehicle weights were esti-
mated from the-rheas’uréd vertical wheel loads. Since only one wheel set under the leading
and trailing car was instrumented, the éverage wheel loads were multiplied by the number
of wheel sets on the car. The middlé 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)

RUN | Jl R | 3
NO. s | 9 10 11 12 STD EST
SPEED , AVG | DEV | WEIGHT
(mph) | 10 13 16 20 30 ]
FVIR:| 2326 | 23.00 | 23.07 | 2324 | 2339 | 2319 | 0.14 | LEADING
FVIL:| 2595 | 2681 | 2668 | 2671 | 2673 | 2658 | 032 | 398,140
FV2R:| 3413 | 3410 | 3419 | 34.18 | 3410 | 3414 | 004

FV2L:| 3378 | 3444 | 3437 | 3428 | 3424 | 3422 | 023

FV3R:| 3960 | 3862 | 3870 | - | 40.12 | 3926 | 0.63

FV3L:| 3737 | 3653 | 3642 | - | 3636 | 3667 | 041 | MIDDLE
FV4R:| 3531 | 36.04 | 3646 | 3666 | 3666 | 3623 | 051 575,650
FV4L:| 3666 | 3616 | 3573 | 3576 | 3652 | 3617 | 038

FVSR:| 3726 | 3682 | 3745 | 3687 | 3622 | 3692 | 042

FVSL:| 34.16 | 3450 | 34.85 | 33.97 | 33.60 | 3422 | 043

FV6R:| 2621 | 2629 | 2632 | 2650 | 2626 | 2632 | 0.10 | TRAILING
FV6L:| 24.44 | 2479 | 2502 | 24.86 | 25.19 | 2486 | 025 | 409,410
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- The light weight of the leading and trailing Triplet Cars asjgiven by AT_SF i§ 140,550
pounds. 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
TTC, 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 | ROLLANGLE AXLE
(mph) WHEEL LOAD % (Degrees) SUM L/V
10 62 08 ) O
13 | 58 0.9 . 36
16| 57 09 » 35
20 58 08 L35
27 62 1T 29
30 52 T 41
40 58 17 | . 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 AXLE

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

10 67 22 .65

13 64 24 53

16 47 3.1 61

20 56 3.7 58
27 58 22 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 AXLE SUM L/V

(mph) WHEEL LOAD % (Degrees)

10 65 33 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




10.3 PITCH AND BOUNCE

The performance criterion listed in Chapter X1 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 tabulatlon for each car of the minimum vertical wheel loads in 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 | WHEEL AND
(mph) WHEEL LOAD % LOCATION
LEADING TRIPLET CAR
30 66 1 Left
40 72  1Left
50 68  1Left
60 71 ‘ 1 Right
MIDDLE TRIPLET CAR
30 79 4 Right
40 80 2 Left
50 79 4 Left
60 65 4 Left
TRAILING TRIPLET CAR
30 78 | 6 Right
40 77 6 Left
50 74 6 Left
60 | 71 6 Left




10.4 YAW AND SWAY

f Thefe 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 bo_lsfer on the middle Triplet
Car was reconfigured with two 38-inch instrumented wheel sets. “The maxirﬁum test speed
was 60 mph. -

Truck side L/V was not determined for the leading and trailing Triplet Café 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.



Table 10,7 Middle Car Yaw and Sway Results

SPEED AXLE SUM TRUCK SIiDE
(mph) L/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 10.99 0.38
S0 1.02 0.43
55 0.82 047
55 097 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 Chapter XItests. The wheel L/V ériteria of 0.8-and . -
axle ;um criteria of 1.3 neither to exceed S0 milliseconds were used as guidelines. '

- Table 10.8 summarizes wheel L/V and axle sum L/V for the turnout and crossover
results for each car. The turnout axle sum L/V for the trailing Triplet Car exceeded guide-
line.with a 1.32 L/ V, however, the duration above 1.3 was only 20 milliseconds.

g CroSsover ‘L-/V values were considerably Below the 0.8 and 1.3 wheel and axle sum

L/V criteria, reépectively.

Table 10.8 Tumout and Crossbver Results. .

TEST I’ SPEED MAXIMUM " MAXIMUM " mSEC T
(mph) "WHEELL/V | AXLESUML/V | OVER 13
LEADING TRIPLET CAR
‘Turnout 15, | o7 )} 123, R
: _ Crossover 10.. - 0.63 101 -
| Crossover 200 .| 067 | o 112 -
"' MIDDLE TRIPLET CAR ,
~ Turnout 10 069 1.15 -
T T [ e e
Crossover | v o 10 v o} oo 0SS ety o098 L et -
Crossover 20 0.56 1.01 .-
TRAILING TRIPLET CAR
Turnout 10 0.79 132 20
Turnout 15 - 0.55 1.28 --
Crossover 10 | - 0.54 0.93 : --
. Crossover 20 055 1.08 : -




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 notto

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 the leading span bolster (# 7), and the othér in the leading

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

~ Operational Direction- - =
| o o A !

:.:.Leoding. 36 ” Cor.-* . .. Mnddle 33 cq.— ;:'-';‘-‘,.w,. L Trdiling 36 * Ccr

1 - f H s f '5:*11**“ 3

#7 AT L2 43 C#s s gl 1. el

PRASER

'“:R|ght S|de Opposute

......

TR o »I»I]'_Rli‘f‘.‘.'; AITRI ”ENSCO _ R ITRI ENSCO HMTR_I.. o thm“_i?_..lll'l':R]v_f:‘;i-.f‘”W%

__ Figure 10.3 Dynamic Curving Instrumented 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 (1R). | The minimum wheel load was 29 percent. The maximum wheel:
L/V ratios wefe 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 | MINIMUM VERTICAL AXLE mSEC | WHEEL
(mph) WHEEL LOAD % SUML/V | OVER 1.3 L/V

12 | 48 1.17 - 69

14 51 | 1.26 - 74

16 57 1.27 - 73

18 55 | 1.26 - 73

20 | 63 | 126 e 76

2 | s 1 | - | om |

24 1 s |3 2o | 9 T
260 |7 44 | o | - [
| % = - | m |

30 [ 43 124 |7 -7 e
= 1 s = | - s

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



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
1.1to2.7 degrees peak-to-peak The B-end of the car recorded slightly higher roll angles
than the A-end. |

Table 10.10 Middle Tﬁplet Car Dynanﬁic Curving Results Clockwise Direction

SPEED MINIMUM ROLL | AXLE mSEC || WHEEL| mSEC

(mph) VERTICAL ANGLE | suMmL/V| OvER | L/v | OVER
| WHEELLOAD % || (Degrees) o3 I os
120 56 o IS 15 SR (R 5 N I 70 -
o oss | 13 12t o~ | !’ -
el s ] 16 | 133 40 | 82 | 30
18 49 21 | 138 .| 8. | 89 | 9
20 | . 44 | 25 136 100 85 85
2 | 43 2.5 1.42 115 95 110
24 43 2.7 1.41 95 90 60
26 50 2.6 1.52 80 | 102 100
28 56 2.5 1.42 75 91 80
30 55 2.2 1.29 - | .79 -
32 46 2.1 1.17 N --

41



Figure 10.4 is a time history plot of the middle Triplet Car wheel L/V ratio during
the 22 mph clockwise run. |
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Figure 10.4-Time History Plot of the Middlé Triplét Car' Wheel 3L L7V’
This-four sécond timie frame shows thé middle Triplet'Car wheel 3L €kceeding!the 0.8
wheel L/V Chapter XI limit, which is répresénited in this plot by the horizontal dashed line?

Wheel 3L yielded a maximum L/V of .95 and exceeded Chapter XI ¢riteria for 110 milli-

seconds.
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Figure 10.5 is a time history plot of the middle Triplet Car axle 3 sum L/ \ during the
22 mph clockwise run. |
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Figure 10.5 Time History Plot of the Middle Triplet Car Axle 3 Sum.L/V

;.- This two second time frame during dynamic curving shows the middle Triplet Car
axle 3 exceeding the 1.3 axle sum L/V Chapter XI limit, which is represented in this plot by,
the horizontal dashed line. Ax71:e‘3 yl'eldéd a maximum L/V of 1.42 and exceeded Chapter

X1 criteria for 115 milliseconds.
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"Table 10.11 summarizes the trailing Triplet Car dynamic curving testing results in the

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

Wheel unloading at speeds 6f 12-22 mph were all left side, high rail wheels (6L and 8L), .-
but from 24-32 mph unloading shifted to right side, low rail wheels (6R and 8R). Wheel 8L

- always yielded the highest wheel L/V with the excéptfon of 32 mph where 6L yielded a

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

0.8 was only 30 milliseconds. Axle 8 always yielded the highest axle sum L/V values. The

maximum axle sum L/V 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 Dynamic Curving Results Clockwise Direction

SPEED | MINIMUM VERTICAL | AXLE mSEC | WHEEL | mSEC |
(mph) 'WHEEL LOAD % SUML/V| OVER 13| ~ L/V | OVERO0.8
12 60.18 123 72, )
14 70.92 1.28 - 78 S
16 64.74 1.33 15 76 x|, e i
18 15792 1.38 35 78 |- e
20 7027 1.32 25 .79 -
22 60.58 1.36 35 & - 25
24 53.34 1.40 40 84 | 300
26 51.18 1.34 . 25 - 80 e
28 51.79 1.31 10 78 -
30 - 43.05 1.30 - .80 -
32 32.29 127 - 78 -

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



Table 10.12 summarizes the leading Triplet Car dynamic curving testing results in the

counterclockwise direction. Wheel 1R produced the highest percent of wheel unloading

from 8-16 mph, and wheel 1L produced the highest percent of wheel unloading from 18-30

mph. The highest percent of wheel unlkoading 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 1R

‘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 XI with an axle sum L/V of 1.37 for 70 milliseconds

over 1.3.
Table 10.12 Leading Triplet Car Dynamic Curving Resull&s:
Counterclockwise ]Dﬁ;rec&ﬁmm
SPEED | MINIMUM VERTICAL | AXLE mSEC || WHEEL | mSEC
(mph) WHEEL LOAD % SUML/V| OVER1L3| L/V | OVEROS
8 63 1.37 70 78 |-
12 66 1.27 - 74 -
14 62 1.31 5 74 =
|16 63 137 40 80 -
| 18- 63 132 15 81 - 10 -
-20 55 1.30 - 81 10
22 51 1.27 - 78 -
24 52 1.32 25 79 -
26 45 1.24 - 79 -
28 46 1.34 20 .86 35
30 40 1.31 10 84 30

Note: Roll angle was not recorded due tc equipment malfunction.
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Table 10.13 summarizes the middle Triplet Car dynamic curving testing results in the
counterclockwise direction. Wheel 4R produced the highest percent of wheel unloading
from 8-18 mph. The highest percent of wheel unloading recofded 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 rhph. Between 18
and 30 mph, wheel 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 oécurred at 8 mph. Roll angles produced
during dynamic curving ranged between 1.5 and 3.1 degrees. Chapter XI criteria were not

exceeded.

Table 10.13 Middle Triplet Car Dynamic Curving Results
Counterclockwise Direction '

SPEED | MINIMUM VERTICAL | ROLL ANGLE [ AXLE SUM| WHEEL
(mph) WHEEL LOAD (%) (deg) L/V L/V
8 58 15 128 2
12 61 2.5 1.18 69
14 64 S 20 1.18 69
16 | 59 1.6 1.15 70
18 60 23 124 | 70
20 - 60 31 | 120 70
22 54 2.8 1.22 69
24 51 2.6 1.21 71
26 53 2.5 1.19 G
38 ‘ 52 23 1.19 66
30 | 42 16 1.15 67




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.

Wheel 8R had wheel L/V ratios above the Chépter 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 XI.

Table 10.14 Trailing Triplet Car Dynamic Curving Results

Counterclockwise Direction

SPEED | MINIMUM VERTICAL | AXLE | mSEC | WHEEL | mSEC
(mph) WHEEL LOAD % SUML/V| OVER1.3]| L/V | OVERO.S
8 61 | 131 5 74 -

12 68 1.25 - 70 -
14 66 142 40 83 15

16 | 67 1.38 10 78 -

18 59 131 15 76

20 55 1.34 15 70

2| 67 : 129 - 72 -

24 s4 1.33 20 79 -
26 51 1.36 45 78 -
28 46 1.52 40 82 10
30 44 1.32 10 75 -

Note: Roll angle was not recorded due to equipment malfunction.
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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 0of 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 7.5-Degree Curve Entry Results -- CW ahd CCW Direction

* SPEED DIR ‘ WHEEL ( PRED MINIMUM PRED AXLE
(mph) L/V  WHEEL WHEEL WHEEL SUM
L/V LOAD % LOAD L/V
- LEADING TRIPLET CAR '
14 (10) CcwW 56 50 58 60 1.07
24 | cow 54 A7 65 62 104
32 (34) CW 52 51 68 46 96
16 CCW 64 - 74 - 1.11
24 | ccw | 65 - 74 - | 113
32 CCW 57 - 73 - 1.01
; ' MIDDLE TRIPLET CAR '
14 (10) CW 58 53 69 63 1.09
T4 o 54 54 68 62 . 97
32(34) CcwW 49 39 - 63 5. | %4
16 CcCcwW 55 - 69 N a—— 9
24 | ccw 49 - . 68 - 95
32 . CCW 49 - 62 - - »n
TRAILING TRIPLET CAR '
14 (10) CcwW .66 48 68. 60 1.14
24 CwW 55 47 63 62 96.
32 (34) CwW 53 51 47 46 . .89
16 CCW 52 - 70 - 96
24 CCW 61 - 67 - 107
32 CCW 53 - 66 1.00

() Model Speed



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-

paﬁébn 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 X1 criteria for the 7.5-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 10.16 7.5-Degree Steady State Results -- CW and CCW Direction
I SPEED DIR WHEEL 95 % PRED AXLE 95 % PRED
(mph) L/V WHEEL | WHEEL SUM AXLE AXLE
L/V L/V L/V SUML/V || sumL/v
, LEADING TRIPLET CAR
14 (10) cwW. | 44 35 48 78 67 93
24 CW 47 35 40 88 67 80
32 (34) CwW 4 35 36 81 69 73
14 CCW 66 53 - 112 95 -
24 CCW 65 54 - 1.08 96 -
32 CCW 62 51 - | 105 90 -
MIDDLE TRIPLET CAR
14 (10) CW 58 45 A7 1.02 84 90
24 cw .53 44 40 99 83 81
T n@) | oew | s | a4 37 | 100 83 70
14 | ccw | 61 s - | 106 93 -
24 - CCW .| 355 . 46 R N () KNS R /N -
32 ccW | 51 ".39 - 91 J7 0 -
s - TRAILING TRIPLET CAR -
14 (10) CcW 58 46 46 | 103 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 Speed
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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 7.5-degree curve exit test results and predictions.
All cars had wheel L/V ratios 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 XI criteria.

Table 10.17 7.5-Degree Curve Exit Results -- CW and CCW Direction

SPEED DIR WHEEL PRED MINIMUM PRED AXLE
(mph) L/V WHEEL WHEEL WHEEL SUML/V
L/V LOAD % LOAD %
~ LEADING 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
6 | cow | @ | - 5 - 85
24 CCW 47 - 66 - 85
32 CCW 45 - .6l - 80
, - MIDDLE TRIPLET CAR
14 (10) CW T 50 A7 67 63 95
24 CW 57 ) 75 62 1.00
32(34) CW 48, 37 62 56 90
16 | cow ' _ w | - 1 74 - 88
24 CCW. 48 - 68 - 92
32 CCW | .. 40 .. - 54 S 73
TRAILING TRIPLET CAR
14 (10) CwW .53 50 67 56 96
24 CwW 48 A4S 73 60 90
32 (34) CW 49 38 71 53 .81
16 | ocw 57 77 - 1.02
24 CCW 65 _— 47 - 1.14
32 CCW s4 | - 52 - 97

() Model 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 prediéted minimum vertical

wheel load in percent for the 7.5-degree curve exit.
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Figure 10.8 7.5-Degree Curve Exit Results Versus Predicted Wheel L/V and
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- Table 10.18 is a tabulation of the 12-degree curve entry test re‘sults and pfedictions.
Tﬁe 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

| WHEEL PRED MINIMUM AXLE .
" SPEED || DIR L/V MAXIMUM|| WHEEL SUML
(mph) - [ PEAK " mSEC | WHEEL LOAD ,PET"_nm
: - [OoVEROS]| LV (%) OVER 1.3
5 LEADING TRIPLET CAR
16(15.5) | cw 81 25 74 69 38 [ 131 10
224245 | CW 84 30 2 61 34 1.32 15
28031 | cw 88 75 72 68 21 1.37 35
.16 | ccw ] 68 - - 71 - 1.17 -
24 ccw | 66 - - 7. - 115 -
B _ MIDDLE TRIPLET CAR .
16055 cw [ [ - g7 61 | 43 | 119 | -
24(245) | cw 73 - 76 67 36 119 | -
-28(31) - ‘CW | .69 .- - 60 -5 .} 30 117 -
16 ccw| 81 | 30 - 56 - 1.29 -
24| CCW|. .61 | & - - ' 57 - 1.11
. -~ TRAILING TRIPLETCAR =~ = o
16 (15.5) | CW 67 - 74 65 38 118 -
24(245) | CW 66 - < 64 35 | 118 -
- 2831 | cw 65 - 72 e | 021 1.16 -
.16 CCW 69 - - 39 -- 1.20 -
24 ccw | 67 - - 29 - 1.16 -

() Model Speed



Figure 10.9 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 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

(_SITEE DIR WHEEL J PRED ‘ AXLE I " PRED
(mph) ‘ MAX SUML MAX
(mph) PEAK || DUR s" 95%‘| WHEEL PEAK " DUR _.,"_”T AXLE
- ‘ OVER 0. OVER 1 L/V
LEADING TRIPLET CAR ‘
16 (155) | CW 77 - 68 - 130 - 1.17 -
24045 | cw | - 68 48 | 126 | -~ | 115 96
28031 | cw 7 - 63 47 125 | .- } w11 | %
16 ccw | 7 - 57 - 1.25 - 1.05 -
24 ‘ccw | 74 - 55 - 1.22 - 1.03 -
MIDDLE TRIPLET CAR
16(155) | cw | 65 - 61 - |6 | - | 111 -
24245 | cw 66 - .| 63 47 118 - 112 95
2803) | cw | 66 - 61 48 119 - 111 88
16 ccw | .80 - | 68 - | w0 | - | 12 -
24 | cew | 67 | - | .58 e or2r | - ] 110 -
B ‘ TRAILING TRIPLET CAR '

16(155) | cw | .63 - .55 ~ | 115 - 104 | -
24245 CcW | 62 - 54 48 113 - 1.03 96
2831 | cw 62 - 55 | 47 113 | - 1.04 7}
16 ccw | .81 25 65 - | 135 35 1.15 -
24 ccw | 78 - 61 - ] 131 10 110 | - -

() Model Speed



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

12-degree steady state curving runs.
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Figure 10.10 12-Degree Curve Steady State Results Versus
Predicted Wheel L/V and Axle Sum L/V
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Table 10.20 is a tabulation of the 12-degree curve exit test results and predictions.
The leading and 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 buhched 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 10.20 12-Degree Curve Exit Results -- CW and CCW Direction

SPEED DIR WHEEL " PRED | MAXIMUM | PRED AXLE
(mph) | L/V WHEEL | WHEEL AXLE SUML |
PEAK || mSEC BIL L/V LOAD % L/V [_PEAT"_mS_Ec_
OVER 0. OVER 13
| LEADING TRIPLET CAR R
16(155) | CwW 69 - - 738 - | 12 -
24(45) | Ccw 74 | - 108 | 692 36 124 -
28 (31) CcW ‘74 1.00 75 28 1.23 -
16 ‘CCW 73 - - | 13 - 1.20 -
24 | ccw | m - - 68.7 - 122 -
| MIDDLE TRIPLET CAR
16155 | cw | . 75.) o - ~ | 549 - | 116 -
214245 | cw | 6 -] 8 534 36 1.19 -
28 (31) CW 77 - 61 55.5 41 1.19 -
16 ccw [8 | 3 | - [ s25 | - 13 | -
24 CcCcwW 75 - | - 613 - | 123 -
o TRAILING TRIPLET CAR
16(155) | cw 93 | 300 - 40.7 - 128 -
24(245 | cw 110 | 400 107 | - 399 35 1.48 230
28 (31) CcwW 112 350 98 418 27 1.50 225
16 | CcCcw 81 25 - 583 e 1.30
24 (0/0)''4 78 - | - - 69.0 - 127 -

() Model Speed

58 J



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 |
225milliseconds. 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 (PHS1_RN025) in the

clockwise direction. o ' }

RUN PHS1_RNO025

09r

f w VR

. 400 MILLISECONDS -

Y

TRAILING TRIPLET CAR WHEEL 6R L/V

O.6f

114'14L11 I 1

195 195 2195.4195.6195.8 196 196 2196:4196. 61968 197 ,
: TIME' (SEC) o '

05

) Flgure 10. 11 Wheel L/V Tlme Hlstory of 24 mph Run

- The two second time frame shows the trailing Triplet Car wheel 6R exceedihg the 0.8
wheel L/V Chapter XI limit multiple times while exiting the bunched spiral. Wheel 6R

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 trailing Triplet
Car during the 24 mph test run (PHS 1_RNO025) in the clockwise direction.
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Figure 10.12 Axle sum L/V Time H_istory for 24 mph Rui

ThlS tlme frame shows the tralhng Trlplet Car exceedmg the 1 3 axle sum L/ v Chap-

ter XI limit during two separate occurrences. The largest axle sum being 1 48 and lasting

230 milliseconds.



Figure 10.13 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 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 huntmg test: (1) maximum axle sumL/V of 1.3 sus-
tamed for 50 rmlhseconds and (2) maximum peak- to-peak lateral acceleration of 1.0 g sus-
tained for 20 seconds, or any single occurrence greater than 15 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 Trlplet) _

Table 11.1is a tabulatlon of hunting test results for each car. The maximum lateral
peak-to-peak car body acceleration was 1.49 g, which occurred on the leading Triplet Car
at 60 mph All other g levels over 1. 0 g were either smgle occurrences, or were only sus-
tained for 4108 seconds ‘Although: not exceeding Chapter XI cr1ter1a the two Triplet: Cars

~ were noted as v151b1y huntmg by the testing staff.

| _Table:ill.l. Tripiet Carsi Hunting Test Results. -

[ SPEED " . MAXIMUM P-P LATERAL . " | - MAXIMUM AXLE
. (mph) - ‘ ACCELERAT]ON @ - SUML/V
o " LEADING TRIPLET CAR e
'30 ¥ 5-;(\.'641: o s Y
40 Lomel T L2 T
50 U NI .45
_ 60 L rg9 et 72
MG
30 58 16
40 71 18
50 89 31
60 112 - 45
A TRAILING TRIPLET CAR
30 24 28
40 34 35
50 45 37
60 66 54
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11.2 TWIST 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 112isa tabulation of pre-twist and roll vertical wheel force data for each car.

This was used to deternline the

"static”

percent calculations. for twist and roll criteria.

Rolling Unperturbed Wheel Loads (kips)

wheel load used in the minimum vertical wheel loéd

~Table 11.2
SPEED|} AVG| STD|  EST
ph)| 10 | 13 | 16 20 | 30 40 || 50| 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] 3830 138.49| 37.80| 38.03| 38.66 '38.19( 38.13| 38.24| .25 c
'FV3L:|38.64| 38.53| 38.43 39.08| 38.72| 38.08( 37.81| 38:30| 3845| 37 | MLC:
FV4R :34.32| 34.29| 34.14| 33.93| 33.90| 34.67| 3460 34.93[3435| 34'| 572
FVA4L:|35.80] 35.74| 35.49| 35.94| 35.68| 35.29| 35.08| 35.06| 35.51| .31 "
FVSR':|33.35(33.29] 33.04| 3274 32.8 [ 32,95 32.89] 33:15]33.03] 21| - - J
'FVSL:| 3370 33.64 34.43[ 3381 33.95] 3365| 3350| 3348|3377 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. Sincé only one wheel set under the leading and trailing ear
was inStrumente‘d, the average wneel loads were multiplied by the number of wheel sets on |
the car. The MLC had four instrurnented wheel sets, which were ave_rage_d and then multi--
plied by eight. | P .

The werght of the leading and trailing Triplet Car as given by ATSEF is 140, 550
pounds With the addition of 264,000 pounds from the concrete blocks the total welght of
each car became 404 550 pounds ThlS was a difference of S, 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
‘instrumenred wheel set dat'a, and the trailing car was nearly equal to total vehicle weight, -
| Table 113 is a tabul‘ation of the minimum percent wheel load, roll angle, and axle
sum L/ V for th'e”l-eading Triplet Car. Lower center roll for ihe leading car was determined
during modal testmg to be 0. 88 Hz, which corresponds to 23 mph The severrty of the reac-
tion near resonance (20. mph) was repressed due.to.the difference between the axle spac1ng’
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 lto, 60 mph. The lending car performed |

well within Chapter XI criteria.



- Table 11.3 Leading Triplet Car (ATSF 90006) Twist and Roll Results -

' SPEED | MINIMUM VERTICAL |  ROLL ANGLE AXLESUM
(mph) WHEEL LOAD % (Degrees) L/V o
10 59 20 29
14 61 07 29
16 58 - 33
20 55 0.9 30
30 60 14 3B
40 59 13 34
50 64 1.0 " 36

R R
)




Table 11.4 is a tabulation of th¢ minimum ‘percent wheel load, roll angle, and axle
sum L/V for the MLC. The lower center roll of the MLC 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 reactipn at resonance (13 mph) was repressed due to the difference between the
ax1e 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 Chaptef XI crite-

ria.
- Table 11.4 MLC Twist and Roll Results |
SPEED | MINIMUM VERTICAL | - ROLLANGLE - AXLE SUM
(mph) | WHEELLOAD% (Degrees) L/V
10 64 08 a8
3| 61 19 B 17
16 e | ST | 20
20 | & .| s 20
30 | 66 I R TR s
40 | 65 o w20 o
P e T T e
60 | 55 | S 45




Table 11.5 is a tabulation of the minimum percent wheel load, roll angle,‘;rmd axle
sum L/V for the trailing Triplet Car. Lower centef 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 fnph) 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 AXLE SUM
(mph) | - WHEEL LOAD % © (Degrees) L/V
10 s -
1B | 58 06 - 38
0 | s | e 52
0 | o .os | 20 o3
o | s s s
60 52 12 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 test runs. The two Triplet Cars and the MLC performed

within Chapter XI criteria. |

Table 11.6 Leading Triplet Car (ATSF 90006) Pitch and Bounce Results

SPEED MINIMUM VERTICAL WHEEL AND
(mph) WHEEL LOAD % " LOCATION
30 - 74 1 Left
40 70 1 Left
50 7 1 Left
60 68 1 Left

Tai)le 11.7 MLC Pitch and Bounce Results

SPEED MINIMUM VERTICAL WHEEL
(mph) WHEEL LOAD % |
30 75 4 Right
40 76 4 Right
50 | 76 4 Left
60 69 5 Right




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

SPEED MINIMUM VERTICAL WHEEL
(mph) | WHEEL LOAD % -
30 | 79 | ~ 6Right
40 75 | 6 Right
50 ' 73 ‘ 6 Right
60 ‘ 7 " 6Right

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

PITCH AND BOUNCE PHASE |

- 100
90 I
80 —————————
® T T
~ I e
g _____
purt 60 -
g
= 30
z I
- 40
s
Z 30+
= .
20
CHAPTER XI LIMIT
10
o 1l 1 1 : 1 1 1 A 1 | | I T 1 1
30 34 38 42 46 50 54 58
SPEED (MPH)
----- Lead Triplet Car . —— 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 rtruck side L/V ratios, the leading truck of each span bolster on the MLC
was config"ured with two instrumented wheel sets. . The maximum test speed was 60 mph.

Table 11.9 is a tabulation of the maxirnur‘n": axle sﬁm and truck side sum L/V ratios for
the“‘yaw and<swa‘y test runs for the MLC. The highest axle sum L/V induced during yaw
and sway testing was 0.94 at 50 mph and the highest tfuck 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

":SVI.fEED '(mph)%v%a AXLESUML/V | TRUCK SIDE SUM L/V
300 | . oe 033
w0 | ess 035
50 - '0;94:’-" ol oss
o,
y i ;
b - ;

i S s e LS
¢ 7 3 N "

; y .
€ i ' i '
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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 consider-

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

Table 11.10 Turnout and Crossover Results

TEST " SPEED | MAXIMUM MAXIMUM " " mSEC
R “(mph) - WHEEL L/'V 'AXLE SUM L/V " OVER 13
' LEADING TRIPLET CAR o
Turnout ' -- - 10 el o 072 ‘ o122 N
Turnout 15 073 . 122 --
Crossover B R B T 1 N
Crossover | 25 | 083 089 -
Crossover . | 35 048, . 0.83 T .
Turnout 10 0.68 1.16 ‘ --
Turnout : 15 0.65 . 1.18 --
Crossover 15 034 0.68 ‘ -
Crossover 25 0.46 . 1.04 ==
Crossover ‘ 35 048 0.90 -
TRAILING TRIPLET CAR _ ‘
Turnout 10 0.80 ‘ 135 40
Turnout ' 15 - 0.79 128 ‘ --
Crossover 15 047 | 0.80 , -
Crossover 25 0.54 0.94 -
Crossover 35 0.60 . 1.04 -

. n



11.6 DYNAMIC CURVING

Before testing, predictions were made using fhe TDM. The test was performed in
both the clockwise and counterclockwise directiéns. Prior to Phase II dyﬂamic curving the
two extra AII;FRI 36-inch instrumented wheel sets installed fof 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 wheel load of 25 pcrcen‘t_;)ccurred at 30 and 32 mph. The
maximum roll angle of 2. 4 degrees peak-to-ﬁeak occurred at 32 mph. Wheel and axle sum
L/V both had peak values at 22 mph of 0 71 and 1 21, respectlvely The leadlng Tnplet |

Car performed wuhm Chapter XI cr1ter1a

Table 11.11 Leading Triplet Car Dynamic Curving Results Clockwise Direction

SPEED || MINIMUM VERTICAL | ROLL ANGLE . AXLE - WHEEL
‘(mph) | Wheel Load % - (Degrees) - [| -~ SUML/NV RO
[-acrvaL | erep |- - - [ acruau | erep -

10 s6 |0 w | eoa o en0e | e |6
R T e T TR P R IR R (7
"‘“‘18.“-'*""' 58 - - 70 Y 06 - |ee1.16 - k - 1.25- e e :67‘-‘\
‘20 | e | m 06 | w9 | 12 | om0

2 65 | 70 08 121 1.28 b

24 58 68. T 118 123 68

26 53 7 16 1.08 120 61

28 40 65 - 1.12 127 62

30 25 61 20 1.03 133 63

32 25 - 58 24 0.94 127 61




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—td-peak occurred at 22 and 24 mph. Wheel and axle sum L/V
both had peak values at 22 rﬁph 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 | ROLLANGLE | AXLE WHEEL
(mph) Wheel Load % (Degrees) SUML/V L/V
ACTUAL | PRED | o [ acTuaL | prED o
C10 53 - 08 112 - 65
12 53 62 - 111 133 65
14 | s6 62 | 06 | 116 135 | .68
16 s | 63 08 116 120 69
18 | 60 68 12 12 | w8 | m
20 | e |- B | =14 | 117 | 117 .68
2 | 61 oo e 16 123 - 115 LT3
%4 | --59 -8 - 16 | o9 | a3 | . e .
A N A DR AR RERET. S %
® [ st |0 |1y b n0 ol 107 | 62 e
2 {4 | e o100 | 102 | 100 57 -




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

- dictions.for the élockwise direction. A minimum:wheel load of 32 percent occurred at 32

mph. Roll angle Steadily incfeased to a maximum of 2.0 deggees peak-to-peak at 32 mph.

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‘»»M[NIMUM VERTICAL | ROLL ANGLE AXLE . mSEC | WHEEL
(mph) WHEEL LOAD % (Degrees) SUM L/V OVER13| LV
| [ actuaL | erED ACTUAL | PRED |
10 62 - 0.5 1.18 - - 68
12 62 68 0.5 121 129 - 71
14 62 - 7 0.6 - 126 - 70
16 63 70 0.7 124 1.24 - 72
18 60 70 0.5 123 124 - 74
20T el ! 0.7 127 124 | 75
2 | s T 08 130 | 132 - m
24 58"l - 69 0.9 128 124" [ = -7
2% 56 n 13 131 121 | -0 78
28 54 65 18 130 | 127 - 80
30 4 62 18 132 132 10 80
32 32 58 20 127 1.28 - 76

74



Figure 11.2 shows a‘comparisdn of axle sum L/V versus the TDM predicied axle sum

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

percent vertical wheel loads.
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Figure 11.2 Dynamic Curving Results for Predicted Axle Sum L/V and

Minimum Percent Vertical Wheel Load _

75



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 speea, having a maximum peak-to-peak roll angle of 2.0 degrees at 32
mph. The maximumv wheel 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 performed witHin Chapter XI

criteria.

Table 11.14 Leading Triplet Car Dynamic Curving Results
Counterclockwise Direction

SPEET_“ MINIMUM VERTICAL [ RroLL aNGLE  AXLE WHEEL
(mph) WHEEL LOAD % . (Degrees) SUML/V L/v
10 | 58 03 | 121 69
12 ‘ 56 05 122 .70
14 = 54 03 1.26 73
16 - "8 S o1 ]
18 60 | 02 o119 | 70

20 56 A SRR S (5
2 s N & I 125 o
24 60 09 125 s
26 o s 127 7
2 | 77 . o 16 o127 . 78
0 | Py , - 13 127 78
32 | 40 2.0 | 121 73
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Table 11.15 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 wheel load was reached at 32 mph. Car body roll peaked at 30 mph with a

roll angle of 1.8 degrees peak-toT-péak. The maximum wheel L/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 | MINIMUM VERTICAL ||  ROLLANGLE | .AXLE mSEC WHEEL
(mph) WHEEL LOAD % (Degrees) SUML/V | OVER13 LV
10 . 58 05 131 30 - 80
12 58 13| 12 - a5
14 . 57 13 126 - 76
16 59 12 124 - 75
18 e, b b L e 74
L2070 Y68 AUV % TR BRI B A
2 63 12 a1 I
2 R T 119 - mo
2% 53 as 119 [ - 66
.. .28, G SR NS ST U B < SR es !
30, 48 ERET I TR |
33 ‘37, qn 12 - - 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 ldad was reached at 32 'rnph. Roll angle also increased wifh speed having a
maximum peak-to-peak‘roll angle. of 2.6 degfeeé at 32 rnph.‘ ‘Th‘e maximum wheel L/V of
0.75 6ccurred at 12 mph. The maximum axle sum occurred twice at underbalance Speeds
and onée at an overbalance speed. The maximum of 1.36 occurred at 18 mph and exce-

eded 1.3 for 50 ﬁlilliseconds. The trailing Triplet car did not exceed Chapter XI criteria.

Table 11.16 Trailing Triplet Car Dynamic Curving Results
Counterclockwise Direction

SPEED | MINIMUM VERTICAL | ROLLANGLE |  AXLE mSEC | ~WHEEL
(mph) WHEEL LOAD % (Degrees) SUML/V || OVER13 L/V
10 6 | 03 133 30 -5
12 58 B 1.28 - 79
14 el Y 125 | - | 0m
16 et o6 | 126 | =~ | 7
8 | 62 06 | 1w} s |7 8
0 | 59 : s | - ] m
2| s . e | 12 S
24 | .o s 07 . | 1 | - | 6.
26 o 57 o DI T I T T 73
28 e se e T H 13 S R -
30 8 - 21 1 125 - a5
32 3 26 120 - 69




11.7 C_(HY.S_TANICJIRYING

Table 11.17is a tabulatlon of the 7. 5 degree curve entry results for each car. In the
counterclockw15e dlrectlon the consist was exmng the 12-degree curve then immediately
entermg 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-Degree Curve Entry Results -- CW and CCW Direction

SPEED ] DIR " MAXIMUM "  MINIMUM WHEEL 'AXLE SUM
(mph) WHEEL L/V LOAD % L/V
LEADING TRIPLET CAR |
4 |  cw 57 - 60.9 1.06
4 cw | 53 o 649 80
32 . CW. '? © 61 - 655 111
16. - CCW .65 619 115
24 ccw | 76 650 124
- |- ccw | - ag- - |- 64 12
%4 . CW 42 L 665 ' 89
o3 - CW AL '55.4 81
16, deew o V. e L 9T
24 | eew T [ a0 2 s
"2 | oew- |- wm - | PV I .
B oo ti... ... TRAILING TRIPLET CAR' '
14 cw 60 56.7 ©1.00
24 cwW 55 . 585 17
32 CW 49 40.6 96
16 ccw | 67 | 60.0 1.14
24 | ccw 62 59.6 i11
2 CCW 60 51.8 1.00



. Table 11.18 summarizes the 7.5-degree steady state curving 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-dégree curve. All cars negotiated the curve

within Chapter XI guidelines.

© Table 1118 7.5-Degree Steady State Results -- CW and CCW Direction

=

_SPEED | DIR MAXIMUM 95% -f MAXIMUM 95 %
(mph)  WHEEL . WHEEL AXLE SUM AXLE SUM
. C L/V L/V L/V LV

LEADING TRIPLET CAR

14 S CW 46 35 . -84 70

24 cw | .45 32, ‘ .80 .62

S 32 o\ 20N Y B S 34 | 66

14 | ccw | 69. 57 ) 117 . | . 100

24 CCW J0. 56 117 9

32 CCW. . .. 66 L .55 o107 ] 96

14 | ocwo ] . 48 I I O SRR (I

24 | ew gl es L 33 89 | 64

o3 looew Lo 4y | 330

. 14 e ':CCW“' nre ._.,:',..54‘,,,5‘_ .k . : 39 ! ! -95:;’-:..,' N U |
Lol ocew. |50 ... .o ] e ..
T e 2 T R N " e et

fo . wwli...  .TRAILING TRIPLET CAR-.

14 . CW 69 49 o121 91

24 | .cw . 64 50 ¢ ‘ 1.17 90

32 CW 69 49 124 | 92

14 CCW 70 52 123 - 95

24 © CCW 68 .50 1.16 ’ 7)

32 ccw \ 64 48 1.10 88



Table 11.19 summarizes the 7.5-degree curve exit test results for each car.” All cars

negotiated the curve exit within Chapter XI guidelines.

Table 11.19 7.5-Degree Curve Exit Results -- CW and CCW Direction

SPEED
(mph)

I DIR

WHEEL

MINIMUM

WHEEL LOAD %

AXLE SUM L/V

- LEADING TRIPLET CAR

14

Cw

S1

753

93

24

cw

S1

739

32

Cw-

49

72.5

93

16

CCw

- .55

688

CCW

53 .

58.6

T3

cCCwW

© 58

60.1

98

Ccw

52

70.7

75

14 T

Ccw

41

699

69

Ty

- CW

iy

585

CCwW . 7

ST

- 570

. '8"9. .-

ccw |

45

T 696

85

.4

;o

"7 CCW.."

u

5T

""" TRAILING TRIPLET CAR.

623

- 100

s

ER ‘321.. PSR PR

~C'w [PPETENFAI PR

56

S 5».:,_“.‘ ’;'6‘4:5 BTSSR N R

o .3‘:;98. TELT AL RISV IINT

16

:,CCW F TR B O

‘,_":.%:7:“.‘ PRI A S S

454

24

cCcw

63 .

478

1.10

32

ccw

60

583

1.02

‘81

i
[ S



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 percént or 626 pounds of Chapter XI criteria. Clockwise operation will result in
curve entry on the normal spiral. 'Counterélockwise operation will result in curve entry on

the bunched spiral.

Table 11.20 12-Degree Curve Entry Results -- CW and CCW Direction

SPEED | DIR WHEEL "PRED | MINIMUM | PRED [ AXLESUM
(mph) o L/v WHEEL WHEEL WHEEL. || L/v
| L/vV 'LOAD% - || . LOAD % .

] LEADING TRIPLET CAR '
14 CcwW . 7 74 n 38 120
- 24 CcwW 69 72 65 34 1.14
) CcwW .7 7 54 21 119
16 CCW 67 - : no | - 112
24 ccw 59 - 61 - 112
32 | ccw. | - 60 - 51 - i)w e vnf i 105
] ; MLC e
14 | cw 67 62 54 8 114
2% CW 64 47 62 - et - 108
. 32 CcW 63 ;. 43 49 61 1.08:
16 | ccw | 66, - & | - | 11l
2% cCcw 581 - ss | = |7 1080
32 CCW 53 - 44 - 94
TRAILING TRIPLET CAR B
14 cw | 65 ‘ 73 69 38 1.17
24 cwW 58 73 64 35 1.10
32 cw 61 b7) % 21 1.15
16 CCW 67 S - , 34 - 1.15
24 CCW 66 - 21 - 1.13
2 CCW 63 - 13 - 111
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* . Figure 11.3 shows a ‘comll)arison of wheel L/V-versus 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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Table 11.21 summarizes the 12-degree curve steady stéte test results for each car.
The trailing Triplet Car had an axle sum of 1.36 in the counterclockwise direction which
exceed‘e.d 1.3 for 50 milliseconds. The trailing Triplét car maximum_axle sum L/V 95 pér-
centile value of 1.13 at 14 mph was well belbw 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 | DIR .| MAXIMUM]| 9% | PRED AXLE SUM L/V PRED
(mph) | WHEEL | WHEEL | WHEEL SUM
v | LV L/V | PEAK | mSEC " 95 % L/V
‘ ' OVER 13
LEADING TRIPLET CAR
14 CW 67 58 52 113 [ - 1.04 1.03
24 cwW 67 58 48 114 - 1.03 96
32 CW 66 57 47 116 | - 1.04 92
14 CCW 70 56 - o123 - 1.03 -
24 CCW 68 .55 - 118 - 1.02 -
32 CCW 6 | 5 - 1.11 - 93 | -
' , MLC
14 | Cw 65 57 .54 111 - 1.06 96
24 cwW 55 46 | 4 1.02 - 91 84
2 CW 54 49 42, 99 - 93 78
14 CCW 76 64 - 129 - 113 -
24 | ccw 73 58 1.25 - 1.06 -
32 CCW 59 .50 - 111 - 95 -
TRAILING TRIPLET CAR
14 cw | 59 50 | .2 111 - 98 1.01
24 CW 54 49 48 105 | - 92 96
2 | cw 57 50 47 1.06 - | 9 92
14 CCW 80 64 - 136 50 113 -
24 CCwW 78 61 | - 1.31 25 1.09 -
2 Cccw .79 59 - 1.32 25 1.07 -




Figure 11.4 shows a comparison of the 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 curve.
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Figure 11.4 12-Degree Curve Steady State Results Versus
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Table 11.22 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. 'I'he trailing Triplet Car, however, exceeded

Chapter XI criteria at underbalance, balance, and overbalance speeds when exiting the

bunched spiral (clockwise operation).

L

Table 11.22 12-Degree Curve Exit Results

SPEED|| DIR WHEEL L/V PRED [ MINIMUM PRED AXLE
(mph) WHEEL || WHEEL | MINIMUM SUM L/V
L/V LOAD % WHEEL ,
PEAK || mSEC || LOAD% | PEAK " mSEC |
OVER 0.8 OVER 13
LEADING TRIPLET CAR ]
14 cwW 62 - " 1.08 7] 36 1.17 -
24 | cw 63 - 1.00 62 28 1.14 -
32 | CW 64 - 119 64 34 1.13 -
16 | CCW 67 - - 64 - 112 -
24 | ccwi 60 - - 55 - 1.17 -
2 |ccw| 66 - - 44 - 93 -
" MLC.
14 | CW .70 - 44 46 - 62 1.16 -
24 | cw 55 - 42 61 41 101 -
32 | CW 54 - 56 53 41 1.02 -
16 |ccw| 73 - - 62 - 1.27 -
24 | CCW 69 - - 63 - 1.23 -
32 | CcCW| .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 96 200 - 1.17 52 33 1.40 100
16 | cCw 79 - - 62 - 1.28 -
24 | ccw 77 - - 65 - 1.25 -
32 | cCwW 74 - .- 54 - 122 -




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 XI does not specify an axle sum limit for curve -
entry and exit. All cars performed within Chapter XI criteria in the counterclockwise ‘direc—i‘
tioﬁ, 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. B P
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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 histdry 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.



Figure 11.7 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 12-degree curve exit.
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12.0 CONCLUSIONS

The following is a summary of service worthiness and Phases I and 11 test results.

12.1 SERVICE WORTHINESS/CURVE STABILITY

The Triplet Cars, which are all span bolster cars, were coupled tdgether and exposed
to buff and draft loads of 250,000 and 200,000 pounds, respectlvely, and exhibited no wheel

hft or suspensmn separatlon durmg the Curve Stablhty Test.
122 PHASE]

For the purpose of validating the TDM, Chapter XIT limiting criteria were used as a
‘ gurdehne 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 gvand a 152 g peak-to;peak lateral acceleration, respectively. Chapter XI
criteria states that no occurrence of greater than 1.5 g peak-to-ﬁeak is permitted.
There were instances of sustained hunting for 8-14 seconds at g levels lower than

the Chapter XI criteriaof 1.0 g peak to-peak.

2. Pitch and Bounce

All three cars performed w1th1n Chapter XI limits.



Twist and Roll:

- All three cars performed within Chapter XI limits.

Yaw and Sway:

All three cars performed within Chapter XI limits. -

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.

Dynamle Curvmg |
During the Dynamic Curving Test the leading and trarhng Triplet Cars exceeded
Chapter XI criteria in the counterclockwme dlrectlon and the mlddle Trlplet Car

exceeded criteria in the clockwise direction.

. Constant Curving 7.5- Degree

All cars negotlated the 7.5- degree curve w1th1n Chapter XI 11rmts .

- 7.5-Degree Curve Entry and Exit:

All cars negotiated the 7.5-degree curve entry and exit within Chapter XI limits.

Constant Curving 12-Degree:

All cars negotiated the 12-degree steady state curve within Chapter XTI 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 (bunchéd spiral).



12.3 PHASE 1}

1.- Hunting: _
- All cars performed within the Chapfer Xl criteria. There were instances of sus-
' tained hunting for 4-8 seconds at g‘levels lower lthan the Chaptef XI criteria of
1.0 g peak-to-peak. Phase I 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.

5.  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.

93



7. - Constant Curving 7.5-Degree: =~ "~

- All cars negotiated the 7.5-degree curve within Chapter XI limits.

8.  7.5-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 withiﬁ Chapter X1 limits. During
cﬁrve exit, the trailirig Triplet Car exceeded Chapter XI wheel and axle sum L/V
criteri“a 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 lasting for\ 600 millisecoﬁds were recorded during the 14 mph run.

Chapter Xl states that values better than the criteria outlined are regarded as indicat-
ing the likelihood of safe car performahce. Twist and roll, pitch and bounce, and yaw and
sway contain perturbations of 39-foot wavélengths. 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 span bolster center pin was 60 feet for the leading and trailing Trip-
let cars, and 55 feet for the middle Triplet Caly'.‘ 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 commercial track. Perturbations of other wavelengths
are possible, blljt‘less likely. Multiples of 55 or 60 feet will provide more input to the cars

than the Chapter XI 39-foot wavelength.



In cbnclusion, 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 toAcurve testing. Among the considerations should be speed ‘restric‘tions, 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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PEACEKEEPER RAIL GARRISON
PROCEDURE PKRG-6000-TC
SERVICE WORTHINESS TEST

1.0 DESCRIPTION

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 Draft Gear Characterization.

1.1 INDEX
1.0 - Description
11 Index
12 Equipment List
1.3 Figure List
14 Table List
15 ~ Reference List
‘1.6 Attachments
2.0 Curve Stability
21 Test Setup
2.2 Instrumentation Installation, Calibration and Operation
23 Curve Stability Testing o
3.0 - Draft Gear Characterization
3.1 “Test Setup
32 Instrumentation Installation, Calibration and Operation
33 Draft Gear Characterization Tésting _
4.0 Quality Verification

1.2 EQUIPMENT LIST |
‘1ea Generator, Portable Model 30KW
lea Instrumented Coupler (1,000,000) "
lea Strain Guage, Daytronic 3270
- lea X-Y Recorder '
4st  Wheel Chocks
lea 100-ton Hopper Car (modified)

™o e g
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1.3 FIGURE LIST

lea

lea

20

lea
2 ea
3ea

Coupler Adapter (Squeeze Fixture)

Hewlett-Packard (HP)300 Series Data Acquisition System
2702 Instrum Signal Conditioner |
Western Graphic Strip Chart or Equlvalent

Feeler Gauges

String Pot, + /- 10-inch Range

2-1 Curve Stability Test Facility
- 2-1 Draft Gear Characterization Test Facility

14 TABLE LIST

None

1.5 REFERENCE LIST
None

1.6 ATTACHMENTS ,
Test Measurement List : : |
Instrum 2702 Signal Conditioner Setup Procedure

1 N
2

400
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NOTE

All personnel involved in the Ferformance of this procedure or observmg the test(s) will
comply with the TTC 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 | , QA
NUMBER PROCEDURE - ‘ INITIAL

2.1.1  Place the test cars in a consist as illustrated in F‘igure\z-l.

Extra Hoppers and
Locomotive for Restraint

100 Ton Hoppers
With Hydraulic Actuators

k 90 Foot Car  TRIPLET CARS 39 Foot Car &
Extra Hoppers and

Locomotive for Restraint

Instrumented Coupler

Figure 2-1 Curve Stability Test Facility

212 The consist will be placed on the South Wye of the Urban Rail Bulldmg
(URB) access track.

2.1.3  Quality verify pfoper set up for the Curve Stability Test.

PROCEDURE PKRG-6000-TC



2.2 Instrumentation Installation, Calibration and Operation

TASK , QA
NUMBER PROCEDURE INITIAL

22.1  Refer to the Test Measurement List (Attachment 1) for instrumentation
installation location.

222  Refer to Procedure PKRG-3100 for completmg the Test Conflguratlon
Data Sheet

223  Instrumented Coupler Setup:

2.2.3.1 Monitor the 51gnal cond1t1oner excitation to the transducer for a mini-
mum of five minutes.

2.23.2 Verify that the 3270 indicator switch, located on the rear panel, is sét to
: 20,000.

2233 Verify that the display switches 1 through 5 are closed:
2234 Verify that the display switch 6 is open.

2.2.3.5 Adjust the course and then the fine balance potentiometers for 0.00 on
the display indicator.

2.23.6 Calculate shunt calibration reading using the following for-
mula: =

. 2500R, . .
K(R:+Rs)
X = Indicator Reading
R}, = Bridge Resistance (typical 350 ohm)

K MV/V Sensitivity
R, = Shunt Cal Resistor Value (29.88 K typical)

Typ1cal X (96.5 % or 193 K)

" PROCEDURE PKRG-6000-TC



2.2.3.7 Adjust the course and then the fine span to the value calculated in Step
2.2.3.6.

2238 ﬁepeat Steps 2.2.3.5 and 2.2.3.6 as neceSs‘;iry.
2.2'.4 Strip chart setup‘ ‘

2.24.1 Balance tranceducer while zero load on coupler.
2.2.4.2 Set chart speed to SOmm/min

2243 Patch ingtrumented coﬁpler into strip chart.

2.24.4 Quality verify instrumentation installation and calibration is complete.

2.3 Curve Stability Testing

TASK QA
NUMBER PROCEDURE . ‘ INITIAL .

2.3.1 Preload to maximum attainable and set chocks.

232  Start strip chart.

23.2.1 With the test consist positioned at the Curve Stability Test site as _

- outlined in Section 2.1 and the instrumentation operating as outlined in
Section 2.2, begin applying a buff load (compressive) using the actuators
illustrated in Figure 2-1. ‘ : ‘

233 Using strain gage conditioner/indicator, read force values.

PROCEDURE PKRG-6000-TC
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234 Continue applying the buff load until a maximum load of 100,000 pounds
is applied. '

235 The test car will be held in place for a 20 second sustained duration
while under the maximum load (+5000 - 0 pounds).

23.6 The test car will be monitored for the following conditions: wheel lift,
‘any separation of the trucks and car body.

23.7 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.

23.8 Repeat Steps 2.3.2‘through 2.3.4.1 applying buff load to 250,000'pounds_.

239 Repeat Steps 23.1 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 DRAFT GEAR CHARACTERIZATION

3.1 Test Setup

TASK , QA

NUMBER : . PROCEDURE INITIAL

3.11 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

ACTUATOR

- TRIPLET CARS o " ACTUATOR

Figure 3-1 Draft Gear Characterization Test Facility
3.12 The consist will be placed on the north end of the Perturbed Test Track.
3.13 Quality ﬁerify proper setup for the Draft Gear Characterization Test.

3.2 Instrumentation Installation, Calibration and Operation

TASK : S QA
NUMBER PROCEDURE INITIAL

321 Perform Steps 2.2.1 through 2.2.4.8.

322 - Install string pots so as to measure the lateral deﬂectlon of the coupler
and the longitudinal deﬂectlon of each adjacent trlplet car.

323 Quality verify instrumentation installation and calibration is complete.

3.3 Draft Gear Characterization Testing

PROCEDURE PKRG-6000-TC
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TASK
NUMBER

QA
PROCEDURE INITIAL

331
332
333
334

- 335
3.3.6
3.3.7

338

339

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 strlker and record below.

\,

Begin applying a buff (compressive) load.

Hold buff load at 300 000 pounds, at which tlme, begln ap dpl ying a lateral
load to the coupler untll a maximum load of 15,000 pounds is reached.

During lateral force application, start data aquisitibn 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.

Re geat Steps 3.3.1 through 3.3.7 for a compressive load of 50,000,
00,000, and 200,000 pounds.

Quality verify that the Draft Gear Characterization Test is complete.

4.0 QUALITY VERIFICATION

TASK QA
NUMBER , PROCEDURE INITIAL
4.1 Quality‘ verify thatJPKRG 6000-TC is complete and closed.

4.2

Authorized QA signature

PROCEDURE PKRG-6000-TC



ATTACHMENT 1 - -

TRIPLET CAR - -

CHAPTER XI SERVICE WORTHINESS
TEST MEASUREMENT LIST
MEAS DESCRIPTION | TRANS | MEAS TEST
CODE | AND TYPE || RANGE -
LOCATION 2ol ‘)

LCFI |Longitudinal Coupler Force | ~LoadCell | +/-KIPS| Curve Stability
SP1 |Lateral Coupler Disp.(1) - String Pot. | +/-KIPS| Characterization
SP2 |Lateral Coupler Disp.(2) | StringPot ..| +/-KIPS| Characterization
SP3 |Longitudinal Coupler Disp.(1) |  String Pot +/-KIPS| Characterization
SP4 | Longitudinal Coupler Disp.(2) String Pot + /- KIPS | Characterization

PROCEDURE PKRG-6000-TC
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' AAR/’I'I‘C IN STRUMENTATION
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 selectlon and 1nstallatlon
guldellnes.

2.0 CANCELLATION: N/A

3.0 EXPERIMENT REFERENCE: N/A

4.0 SAFETY!!! TTC RULE BOOK.

5.0 DEFINITION/TERMINOLOGY: TTC Instrumentation will use the
USA units of measurement 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 ‘ 0-TO-PEAK A=0.0511f D

"g" UNITS ‘
DISPLACEMENT D . PEAK~TO-PEAK ‘, INCHES
‘ DOUBLE AMPLITUDE
VELOCITY "2 0-TO-PEAK INCHES/SECOND
PIEZOELECTRIC PE : PYROELECTRICITY
CRYSTAL TRANSDUCER
PIEZORESISTIVE PR ’ SOLID STATE STRAIN
' TRANSDUCER
6.0 REFERENCES: The following documents should be referred
-to for further details. Manufactures data sheets for
selected transducers (available in Instrumentation
Library) and Endevco Measurement Technology Handbook P/N
29005.

7.0 SCOPE: This procedure 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

"g" 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 in. 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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SOP NO. 024
SEPT. 1990
PAGE 2

- 'high g shock inputs. For this reason we do not mount Servo
accelerometers directly on trucks -as it will damage the
internal suspension of the force coil. The truck
_environment. therefore requires we use 2 to 25 G { \

'Pieloresistive or capacitance type accelerometers. The
table shown below list the features of several common
accelerometers used at the TTC. After rev1ew1ng available
transducer, the transducer user should review
manufacturer's data and TTC error analy51s for each type

‘considered.
o , .. . TYPICAL - USEFUL TEMP o
, MODEL/MFG 1 TYPE . RESPONSE RANGE( F) . NOTES
2262 Endevco =~ PR.  DC-650Hz 25 - 150 - Stud Mount
7290 Endevco Capacitance DC-600Hz =45 -v16O Cap Screw
S N 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
‘ S Lo ' ‘ ChargeAmp
LSB Schaevitz  Servo DC-60Hz - 25 - 150 Bearing
o . Suspension

A. ngh acceleratlon shock pulses should use "PE"
transducers with selected bandwidth signal conditioners
see Endveco Handbook P/N 29005 Section III page 15.

B. . Low level hlgh,llnearlty, 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 capac1tance
type sensors. -
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PAGE 3

Low frequency, low level measurements such as car body
motion use either Servo or High Sensitivity “PR" or
capacitance sensors.

Long duration shock pulses should be performed with "PR"
accelerometers due to good DC stability and good
frequency response.

Seismic or Static (DC) acceleration should only be done
with Servo accelerometers due to superior DC stability.

Measurement on light or sheet metal structures should
be done with low mass "PR" accelerometers.

Use of velocity and Displacement output sensors is not
recommended. If velocity or displacement is required

acceleration will be integrated or doubled-

integrated. .

For high temperature or;high frequency (above 5,000

Hertz) measurements consult instrumentation
engineering.

CALIBRATION: Verify valid hardware callbratlon and enter
data on acqulsltlon form.

INSTALLATION GUIDELINE:

- Al

B-.

Surface of accelerometer and test specimen must be
flat, clean and smooth.

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 1lb, 6-32 = _

10 in 1lb and 4-40 = 8 in 1b.

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. 2
axis is going up from rail head.

when not using mounting block select accelerometer with
low base strain sensitivity.



SOP NO. 024
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PAGE 4

If installation could be sensitive to electrical noise
pickup use isolated mounts with transducer case
grounded and 51ngle ended signal conditioner.

Protect accelerometer from any external heat source.
If elevated temperature operation is required a
elevated temperature calibration should be performed.

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.

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.

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. ‘

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.

Perform an end to end system check such as a roll

~calibration on "PR" or Servo accelerometers or tap

test on “PE“ transducers.

Document installation with sketches and/or photo's.
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Association of American Railroads
Mechanical: Division
Manual of Standards and Recommended Practlces

11.1.

11.2.

11.2.

11.2.

4r1/90

CHAPTER XI |
SERVICE-WORTHINESS TESTS AND ANALYSES
FOR NEW FREIGHT CARS
Adopted 1987

PURPOSE AND SCOPE

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

STATIC AND IMPACT TEST REQUlREMENTS

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.

1. TEST CONDITIONS

1.1.

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

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 designéd 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 tor which the car was designed.

G

i Preceding page blank |  C-1I-397 44




Association of American Railroads
.Mechanical Division
Manual. of St;andards and Recommended Practices

11.2.1.2.

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

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

11.2.2. INSTRUMENTATION

The coupler force shall be measured by means of a transducer complying with AAR
Specification M-901F, or other approved means. Instrumentation used for recording of
other data shall be generally acceptable type properly calibrated and certified as to
accuracy.

Speed at 1mpact shall be recorded.
11.2.3. STATIC TESTS

11.2.3.1. COMPRESSIVE END LOAD

A horizontal compressive static load of 1,000,000 1bs, shall be applied at the centerline
of draft to the draft system of car/unit structure interface areas, and sustained for a
minimum 60 seconds. The car/unit structure tested shall simulate an axially loaded beam
having rotation free-translation fixed end restraints. (See Figure 11.2.3.1).

No other restraints; except those provided by the suspension system in its normal

- running condition, are permissible. Multi-unit car must have each structurally different

unit subjected to such test, also two empty units joined together by their connector shall

undergo this- test to verify the connectors compresswe adequacy and its antl-_]ackkmﬁng
properties.

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

‘ END-CODE: .
. ROTATION FREE
TRANSLATION FIXED

Figure 11.2.3.1

P—>

11.2.3.2. COUPLER VERTICAL LOADS

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

For cushion underframe cars having sliding sills, a vertical upward load shall be
applied to the sliding sill in a plane as near the ends of the fixed center sills as
practicable, sufficient in. magnitude to lift the fully loaded car free of the truck nearest
the apphed load, and held for sixty seconds. '
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For all cars, a load of 50.000 pounds shall be abplied in both directions to the coupler
'head as near to the pulling face as practicable and held for sixty seconds.

11.2.3.3. CURVE STAB[LITY

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

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

For the purpose of this test, wheel lift is deﬁned as a separation of wheel and rail
exceeding 4" when measured 2%" 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
degrees. The curve is to have 4" 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 shail have means for measuring and recording coupler forces.

11.2.3.4. RETARDER AND “HOT BOX” ,_-DETECTION '

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

11.2.3.5. JACKING

Vertical load capable of'lvifting 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 all cars except those exempted by other specification
requirements.

N\
RS P ¥l RN o T £

11.2.4.1. SINGLE CAR IMPACT

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

C CI1-399 . :
6188 . : C ) ﬁ_ﬁ.'?



Association of American Railroads
: Mechanical Division
Manual of Standards and Recommended Practices

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

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

11.2.4.2. DYNAMIC SQUEEZE

(Optional-May be‘performéd 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 all slack between cars has
been eliminated. There shall be no precompression of the draft gears. The standing cars
shall be on level tangent track. The striking 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, whichever occurs first.

11.2.5. INSPECTION

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

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

11.3. TRACK-WORTHINESS ASSESSMENT
11.3.1. METHODOLOGY

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

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

11.3.2. TRACK-WORTHINESS CRITERIA

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

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

for Field Service

Regime Section : Cr-iterion Limiting Value

Hunting (empty) _ 11.5.2  minimum critical speed
: (mph) 70
maximum lateral :
acceleration (g) ‘ . 1.0
_ maximum sum L/V axle 1.3*
Constant curving (empty and loaded) 11.5.3 95th percentile ‘ 0.8
maximum wheel L/V
or
95th percentile
‘ maximum sum L/V axle 1.3
Spiral (empty and loaded) 11.54 minimum vertical .
load (%) ,‘ 10 **
maximum wheel L/V 0.8*
. Twist, Roll (empty and loaded) . 11.6.2 maximum roll (deg)*** 6
. T maximum sum L/V axle 1.3
minimum vertical
load (%) 10 **
Pitch, Bounce (loaded) 11.6.3 minimum. vertical ‘
load (%) 10 **_
Yaw, Sway (loaded) 11.6.4 maximum L/V truck
‘ side 0.6*
maximum sum L/V axle o 1.3*
Dynamic cur'\?ing (loaded) ‘ 11.6.5 maximum wheel L/V 0.8*
’ ’ or
maximum sum L/V axle 1.3*
maximum roll (deg) ** 6
minimum vertical .
load (%) - 10 **
Vertical curve ‘ * 11.7.2 - to be added****
Horizontal curve 11.7.3 to be added**** .
* Not to e‘xceed indicated value for a period greater ﬁhan 50 milliseconds per exceedence
**  Not to fall below indicated value for a period greater than 50 milliseconds per exceed-

ence
#52  Peak-to-peak ‘
»#=2s Qee the introduction to section 11.7.1
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11.4. GLOSSARY OF TERMS

Radial misalignment of axles in a truck or car is the difference in yaw angle in thelr
loaded but otherwise unforced condltlon It causes a preference to curving in a given
direction, ‘

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

Inter-axle shear stlffness,,,equwalent to the lozenge or trammmg 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 truvck, or car.

_ Bounce is the simple vertlcal oscillation of the body on its suspensmns in which the
car body remains horizontal. ‘

v Pitch of the body is the rotation about its transverse axis through the mass center.
Body yaw is the rotation of the body about a vertical axis through the mass center.
Body roll is the rotation about a longitudinal axis through the mass center.

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

Sway is the coupled body mode in roll and yaw and it occurs where the loadmg is not
symmetrlcal

Unbalance is used in this chapter to mean the additional height in inches, whlch 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: ‘ ‘

V2D
b =D _
Unbalance U 1480 H

where, D is the degree of the curve.
V is the vehicle speed in mph.

H is the height, in inches, of the outer rail over the inner rail in
the curve.

Effectwe 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:

R
E = A2k
where, A is the angle of the contact plane,between the wheel and rail, to
the plane of the track.

R,. is the transverse profile radius of the wheel.
Rg is the transverse profile radius of the rail.

The effective conicity of the modified Heumann wheel of Figure 8.1 on AREA 132 1b
rail, under conditions of tight gage, is between 0.1 and 0.3.

P
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11.5.

Three ratios of lateral (L) to vertlcal (V) forces are used as crltena in the assessment
of car performance. These are:

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

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

the same time,
Sum L/V axle = | L/V (left whl)' + [ L/V (right whi)

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

(3) The truck side L/V, (Or L/V truck side). This is defined as the total sum of the lateral
forces between the wheels and rails on one side of a truck divided by the total sum of
the vertical forces on the same wheels of the truck, as given in the following
algebraic expression.

- — 2L (truck side)
Truck side L/V SV (truck side)

It is used to indicate the proximity to moving the rail laterally.

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

deseribed 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

6188

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 1/2 and 1 degree curves.
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The analytic requirement is that no hunting be predicted for the empty car below 70
miles per hour assuming a coefficient of friction of 0.5 and an effective conicity of 0.15, for
the modified Heumann wheel profile given in Figure 8.1 of Chapter VIII, on new AREA
136 1b. rail, for axle lateral displacements up to +/~- 0.2 in. on track with standard gauge.

11.5.2.2. TEST PROCEDURE AND CONDITIONS

The empty test car shall be placed at the end of the test consist, behind a stable
buffer car, and operated at speeds up to 70 miles per hour on tangent class 5 or better
track, with dry rail

All axles of the lead unit or car shall be equipped with modified Heumann profile
wheels as shown in Figure 8.1 of Chapter VIII, wnth 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 dispiacements
‘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

11.5.

11.5.

1.5,

section 11.5.2.1, a special hunting test in shallow curves may be requested.

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 penod The instantaneous sum of
the absolute values of the L/V ratios shall not exceed 1.3 on any instrumented axle.
Components of the measured accelerations and forces having frequenc:es above 15 hertz
are to be ﬁltered out.

The car shall not expérience sustained truck hunting during the test. A record of
maximum lateral acceleration and the wheel L/V’'s on the same axle, against speed, at
the worst location, shall be submitted as required test data.

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.

3.1. PREDICTIONS AND ANALYSES

An analysis shall be made of the wheel forces and axle lateral displacements and yaw
angles on a single car, empty and fully loaded, using a validated mathematical model.
The model shall include a fundamental representation of the rolling contact forces using
the geometry of the profiles of the wheel and rail, and car parameters from the
measurements described in Appendix A.

Either the individual wheel L/V shall be less than 0.8 on all wheels measured, or the .
instantaneous sum of the absolute wheel L/Vs on any axle shall be less than 1.3, for any
curve up to 15 degrees. The range of unbalance assumed shall be -3 inches to +:} inches,
with a coefficient of friction of 0.5 and modified Heumann profiled wheels on new AREA
132 1b. or 136 1b. rail.
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11.5.3.2

+ TEST PROCEDURE AND CONDITIONS J

The test car shall be operated at constant speeds equivalent to unbalances of ~3. 0,
and +3 inches. The tests shall be run with the test car in. both empty and fully loaded

“conditions. between two heavy buffer cars, one of which may be replaced by an instru-

mentation car. A complete set of tests shall be carried out in both directions and with the
test consist turned in each direction, on dry rail.

The wheels of the test car shall have less than 5000 miles wear on the new protiles

" specified for production, except that those on instrumented wheelsets shall have modified

11.5.1.

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 test curve shall be of not less than 7
degrees with a balance speed of 20 to 30 mph, and with class 5 or better track.

3.5, INSTRUMENTATION AND CRITERIA

The leading axle of both trucks on an end unit or car, or each axle on an end unit or
car with single-axle trucks, shall be equipped with instrumented wheelsets. The lateral
and vertical forces and their ratio, L/V, shall be measured for the length of the body of
the curve, which must be at least 500 ft., and their maxima and means computed.
Measured force components having frequencies above 15 hertz are to be filtered out.

Either the individual wheel L/V shall be less than 0.8 on all wheels measured, or the
instantaneous sum of the absolute wheel L/Vs on any axle shall be less than 1.3. A record
of L/V on both wheels of the instrumented axles, for each test run, shall be submitted as
required test data. :

SPIRAL NEGOTIATION AND WHEEL UNLOADING

This requirement is designed to ensure the satisfactory negotiation of spirals leading
into and awav from curves. The analvses and ‘tests are required to show that the
resulting forces between the wheel and rail show an adequate margin of safety from any
tendency to derail, especially under reduced wheel loading, and to confirm other predic-
tions ot' the car behavior.

l’Rhl)l( ’l‘l()NS AND ANAL YSES

An dndlvm\ shall l)e carried out of the lateral o.n(l vertical wheel forces on a single
car, with the car loaded asvmmetrically, consistent with AAR loading rules, to give
maximum wheel unloading.

The analvsis shall be made for a speed equivalent to a mean unbalance at the car
center of -3 inches to +3 inches with a coefficient of friction of 0.5 and m()(hhed
Heumann wheel and new-AREA 132 1b. or 136 1b. rail profiles.

The predicted lateral- to-vertical force ratio shall not exceed 0. 8, and no vertical wheel -
load shall be less than 10 percent of its static value, in a bunched spiral, with a (h‘mge in
\U})c!elo\hltl()n of 1 inch in every 20 ft, leading into a curve of at least 7 (leglees and a
minimum of 3 inches superelevation.

11.5.4.2. TEST 'l"R()C‘EDURE AND CONDITIONS

O 1 HM

This test may be carried out concurrently with the previous test, paragraph 11.5.3.2.
The test car shall be operated, empty and fully loaded, between two heavy buffer cars,,
one of which may be an instrumentation car, at constant speeds equwalent to an
unbalance of -3, 0, and +3 inches at the maximum curvature.

The wheels of the test car shall have less than 5000 miles wear on the new profiles
specified for production, except that those on instrumented wheelsets shall have modified
Heumann profiles. The rail profiles shall have a width at the top of the head not less than  §
95 percent of the original value when new. -
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The maximum curvature shall be not less than 7 degrees. with a minimum of 3 inches
superelevation. A bunched spiral, w1th a change in superelevation of not less than 1 inch
in every 20 ft., is required. The track shall be class 5 or better and dry. Tests shall be run
in both directions and with the consist turned. ‘

11.5.4.3. INSTRUMENTATION AND (,R[TleA

The leading axle on both txucks on an end unit or car, or each axle on an end unit or
car with single-axle trucks, shall be equipped with instrumented wheelsets.

The lateral and vertical forces and their ratio, L/V, shall be measured continuously
through the bunched spiral, in both directions, and their maxima and minima computed.
Measured force components havmg‘ f1equenc1es above 15 hertz are to be ﬁlteled out,.

The maximum L/V ratio on any wheel shall not exceed 0.8, and the veltlcal wheel
load shall not be less than 10 percent of the measured static value. A record of L/V's and
vertical forces on both wheels of the two worst axles in a car, and car body roll angle, for
each test, shall be submitted as required test data.

11.6. 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 car under conditions associated with variations in the track geometry.
They include the dynamic response due to perturbations in the track but exclude the
dvnamic 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 'th,e AAR
observers. The results identified shall be added as required data for the consideration of
the Car Construction Committee.

11.6.2. RESPONSE TO VARYING CROSS-LEVEL (TWIST AND ROLL)

This, requirement is designed to ensure the satisfactory negotiation of oscillatory
cross-level excitation of cars, such as occurs on staggered jointed rail, which may lead to
large car roll and twist amplitudes. The analyses and tests are required to show that the
resulting forces between the wheel and rail show an adequate margin of safety from any
tendency to derail, ‘ -

| 11.6.2.1. PREDICTIONS AND ANALYSES

A review shall be made of any tests and analyées for the natural frequency and
-damping of the car body, in the roll and twist modes, in the empty and fully loaded
conditions, and an estimate made of the speed of the car at each resonance.

The maximum amplitude of the carbody in roll and twist, the maximum instanta-
neous sum of the absolute values of the wheel L/V ratios on any axle, the minimum
vertical wheel load, and the number of cycles to reach them, shall be predicted at
resonant speed of 70 mph or below, on tangent track, with staggered jointed rails-of 39 ft.
length, and a maximum cross-level at the joints of 0.75 in. as shown in Fig. 11.1.

The instantaneous sum of the absolute values of the wheel L/V ratios on any axle

shall be less than 1.3, the predicted roll-angle of the carbody shall not exceed 6 degrees

. peak-to-peak, and the vertical wheel load shall 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.
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11.6. 2 2 TEST PROCEDURE AND CONDITlONS

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.

— e e v ——ptlew (.75 in.
+0.06 in.
39 ft. ——-—{
WAVELENGTH
Figure 11.1.

TRACK CROSS LEVEL FOR THE TWIST AND ROLL TEST |

The test shall be on tangent track with staggered 39 ft. rails on good ties and ballast,
shimmed to a cross level of 0.75 in., low at each joint as shown in Fi‘g.‘ 11.1, over a test
zone length of 400 ft., but otherwise held to class 5 or better. - .

The test shall be carried out at constant speed, increasing in 2 mph steps from well
below ‘any predicted resonance until it is passed, or approaching it from a speed above
that expected to give a resonant condition. The test shall be stopped if an unsafe

.- condition is encountered or if the maximum of 70 mph is reached. It shall be regarded as
' unsafe if a wheel lifts or if the car body roll angle exceeds% degrees, peak-to-peak.

11.6.2.3. INSTRUMENTATION AND CRITERIA

The leading axle of both trucks on an end unit or car, or each axle on an end unit or
car with single-axle trucks, shall be equipped with instrumented wheelsets. The car body
‘roll angle shall also be measured at a minimum of each end of an end unit.

THe wheel forces, the mean roll angle and difference in roll between ends for each
unit, shall be measured continuously through the test zone. Measured force components
having frequencies above 15 hertz are to be filtered out. ‘

The sum of the absolute values of wheel L/V on any instrumented axle shall not

exceed 1.3, the roll angle of the carbody of any unit shall not exceed 6 degrees

 peak-to-peak and the vertical wheel load shall not be less than 10 percent of its static
" 'value at any speed tested.

A record of the vertical loads measured at the axle with the lowest measured vertical
" load, andthe roll angles measured at each end of the most active unit of the car, taken at
" the resonant speeds:for each car load, shall be submitted as required test data. -

11.6.3. RESPONSE TO SURFACE VARIATION (PITCH AND BOUNCE)

This requirement is designed to ensure the satisfactory negotiation of the car over

- track which provides a continuous or transient excitation in pitch and bounce, and in
- particular the negotiation of grade crossings and bridges, where changes in vertical
track stiffness may lead to sudden changes in the loaded track profile beyond those
measured during inspection. The analyses and tests are required to show that the
resulting forces between the wheel and rail show an adequate margin of safety from any
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tendency for the car to derail, to uncouple, or to show interference elther between
subsystems of the car or between the car components and track.

11.6.3:1. PREDICTIONS AND ANALYSES : , ‘: -

A review shall be made of any tests and analyses for the natural frequency and
damping of the car body, fully loaded, in the modes of pitch and bounce, and an estimate
made of the resonant speed of the car when excited by a track waveleng‘th of 39 feet.

The vertical wheel load shall be predicted at these speeds or at 70 mph whichever is
greater, for a continuous near sinusoidal excitation with a vertical amplitude to the track
surface of 0 75 inches peak- to-peak and a single symmetric vertical bump in both rails, of
the shape and amplitude shown in Fig. 11.2, predicted vertical wheel load shall not be -
less than 10 percent of its static value at any resonant speed at or below 70 mph, within
10 rail lengths of the start. of the continuous sinusoid or following the single bump.

_— ~ SINGLE VERTICAL BUMP - "'\ o
| (BOTH RAILS) _/_I 2in. 2 .06 in.

CONTINUOUS DIPS AT SYMMETRIC POINTS

- 0.75in. = 0.06 in."

Figure 11.2.
TRACK SURFACE VARIATION FOR PITCH AND BOUNCE :

11.6.3.2. TEST PROCEDURE AND CONDITIONS

The fullvy loaded test car shall be tested between fwo light cars that ‘P'llzive' at least 45
ft. truck center spacing.

r

Tests shall be carried out on tangent track with surface deviations providing a
‘continuous, near sinusoidal, excitation with a vertical amplitude to the track surface of
0.75 inches peak-to-peak and a single symmetric vertical bump in both rails of the shape
and amplitude shown in Fig. 11.2. These tests may be carried out separately, or together,
with a separation of at least 100 feet. The track shall othexwme be held to class 5 or
better.

Testing shall start at constant speed well below any bredicted g'eS()nant _speed.
increasing in 5 mph steps until an unsafe condition is encountered, the resonance is
passed, or the maximum of 70 mph is reached. The speed at which resonance is expected
may be approached from a higher speed, using steps to decrease the %peed It shall be
regalded as, unsa.fe if any wheel lifts.
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11:6.3.3. INSTRUMENTATION AND CRITERIA

The leading axle on both trucks on an end unit or car, or each axle on an end unit or
car with single-axle trucks, shall be equipped with instrumented wheelsets. The vertical
wheel forces shall be measured continuously through the test zone. Measured force
components having frequencies above 15 hertz are to be filtered out.

The vertical wheel load shall not be. less than 10 percent‘of its static value on any
wheel at any speed tested. A record of the vertical loads measured on the axie with the
lowest vertical load- shall be submitted as required test data.

11.6.4. RESPONSE TO ALIGNMENT VARIATION ON TANGENT TRACK
{(YAW AND SWAY) '

This requirement is designed to ensure the satisfactory negotiation of the car over
track with misalignments which provide excitation in yaw and sway. The analyses and
tests are required to show that the resuiting 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
components and track.

11.6.4.1. PREDICTIONS AND ANALYSES

A review shall be made of the previous tests and analyses for the natural frequency
and damping of the car body, fully loaded, in the yaw and roll modes. These may combine
in a natural motion referred to as sway, which, if present, must be included in this
analysis. Using the values for frequency and damping identified, 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 symmetrie, sinusoidal track alignment
deviation of wavelength 39 feet, on tangent track. The ratio of the sum of the lateral to
that of the vertical forces on all wheels on one side of any truck shall be predicted at
resonance or at 70 mph, whichever is greater, for a sinusoidal double amplitude of 1.25
inches peak-to-peak on both rails and a constant wide gage of 57.5 inches, as shown in
Fig. 11.3. ‘

‘The predicted truck side L/V shall not exceed 0.6, and the sum of the absolute values
of L/V on any axle shall not exceed 1.3, at any speed at or below 70 mph, within 5 rail
wavelengths of the start.

11.6.4.2. TEST PROCEDURE AND CONDITIONS

| The fully loaded test car sha_g‘l‘l be placed at the end of the test consist, behind a buffer
car of at least 45 feet truck center spacing, chosen for its stable performance.

Tests shall be carried out on dry tangent track, with symmetric, sinusoidal align-
ment deviations of wave length 39 feet, alignment amplitude 1.25 inches peak-to-peak
and a co‘nstant wide gage of 57.5 inches, over a test zone of 200 feet as shown in Fig. 11.3. |
The track shall otherwise be held to class 5 or better. »

The wheels of the test car shall have less than 5000 miles wear on the new profiles
specified for production, except that those on instrumented wheelsets shall have modified
Heumann profiles. The rail profiles shall have a width at the top of the head not less than
95 percent of the original value when new. o
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\ 1
57.5 in, NTT
=0.125 in. 1.25 in.
X . }x0:125in.

Figure 11. 3
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, or the maximum of 70 mph is reached. It shall be regarded as unsafe if the ratio
of total lateral to vertical forces, on any truck side measured, exceeds 0.6 for a duration
equivalent to 6 feet of track.

11.6.4.3. INSTRUMEN’I‘ATION AND CRITERIA

All axles on the truck estimated to provide the worst total -truck side L/V, or each
axle on an end unit or car with single-axle trucks, shall be equipped with instrumented
wheelsets. The wheel forces shall be measured continuously through the test zone.
Measured force components having frequencies above 15 hertz are to be filtered out.

The truck side L/V measured shall not exceed 0.6 for a duration equivalent to 6 feet
of track, and the sum of the absolute values of L/V on any axle shall not exceed 1.3, at
any speed at or below 70 mph. A record of the lateral and vertical loads, measured on the
truck with the largest truck side L/V, shall be submitted as required test data.

11.6.5. ALIGNMENT, GAGE AND CROSS-LEVEL VARIATION IN CURVES
(DYNAMIC CURVING) ‘

This requirement is designed to ensure the satisfactory negotiation of the car over
jointed track with a combination of misalignments at the outer rail joints and crosslevel
due to low joints on staggered rails at low speed. The analyses and tests are required to
show that the resulting forces between the wheel and rail show an adequate margin of
safety from any tendency for the car forces to cause the wheel to climb the rail or to
move the track or rail or to give unwanted interference, either between subsystems of
the car, or between the car components and track.

11.6.5.1. PREDICTIONS AND ANALYSES

A review shall be made of the previous tests and analyses for-the natural frequencies
and response of the car body, fully loaded, in the yvaw and roll modes.

‘No analysis is presently available, which can predict the results accurately for this
test, for all possible designs. It is therefore necessary to provide additional safety
features in the running of the test program to prevent unexpected derailments or
unnecessary damage.®

*Analyses suitable for predictions of new car per formance in this test are under development
and will be added later.
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11.6.5.2. TEST PROCEDURE AND COND!T]_ONS_

The test car shall be operated betwfee_n 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. C

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 étaggered 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.

— o __g’

WAVELENGTH

7 Figure 11.4. -
CROSS LEVEL FOR DYNAMIC CURVING TESTS

Combined gage and alignment variation shall be provided in the test zone by
shimming the outer rail in the form of an outward cusp, giving a maximum gage of 57.5
inches at each outer rail joint and a minimum gage of 56.5 inches at each inner rail joint,

. the inner rail belng within class 5 standards for allgnment in curves, as glven in Figure
11.5.

LOW JOINT
' 56.5 in. 575,n ~

- )

LOW JOINT

- ‘Figure 11.5.
GAGE AND ALIGNMENT VARIATION IN DYNAMIC CURVING
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It is recommended that a guard rail be used to. prevent unpredicted derailment;
however, it must not be in contact with the wheel during normal test running. The test
shall be carried out at constant speeds up to 3 inches of overbalance, increasing in 2 mph
steps from well below any predicted lower center roll resonance until it is passed. The.
resonance may be approached from a speed above that predlcted to give a lower center

“'roll resonance.

The test shall be stopped if an unsafe condition is encounteled or if the maximum
unbalance is reached. It shall be regarded as unsafe if a wheel lifts, the instantaneous
sum of the absolute L/V values of the individual wheels on any axle exceeds 1.3, or car
body roll exceeds 6 degrees, peak-to-peak.

11.6.5.3. INSTRUMENTATION AND CRITERIA

The leading axle on both trucks on an end unit or car, or each axle on an end unit or
car with single-axle trucks, shall be equipped with instrumented wheelsets. The car body
‘roll angle shall also be measured at one end of the lead unit. The lateral and vertical
wheel forces and the roll angle shall be measured continuously through the test zone.
Measured force components having frequencies above 15 hertz are to be filtered out.

The maximum roll angle shall not exceed 6 degrees. peak-to-peak, the vertical wheel
load shall not be less than 10 percent of its static value. the individual wheel L/V shall be
less than 0.8. and the instantaneous sum of the absolute wheel L/Vs on any axle shall be
less than 1.3, at any 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.

11.7. COUPLED CARS AND UNITS

11.7.1. GENERAL

The tests described in this section will be designed to establish the track-worthiness
of the car under conditions associated with the realistic operation of cars within a train.
This may include severe transient forces due to coupling with adjacent cars. These forces
may have a significant effect on the stability of cars and may lead to derailment. The
investigations will be designed to demonstrate that the car design provides an adequate
margin of safety from structural damage and from any tendency to derail.

11.7.2. VERTICALLY CURVED TRACK *

* This section to be added at 4 later date

11.7.3. HORIZONTALLY CURVED TRACK +

+ Inveqtlgatum% are currently underway which will allow the addltlon of this section
in the near future.
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1.0.

1.1.

, APPENDIX A
VEHICLE CHARACTERIZATION
Adopted 1987 '

GENERAL

The charactenstlc propertles of the car body and lts suspension, required for
analysis of its track-worthiness, must be supported by test results providing evidence of
their validity. Forces and motions between suspension components and the body modal
frequencies of the car, as assembled, can vary significantly from the values caléulated or
specified in the design, and may be important to the safe performance of the vehicle.

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, includir‘\‘g trucks retrofitted with devices
such as inter-axle connections, sideframe cross-bracing and additional suspensmn ele-
ments, which have not been tested previously.

" Tests for horizontal characteristics of the suspensmn 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 charactenstlcs between the truck and body must be measured

' separately

1.2

1.3.

4/1/90

Where connections‘ eiist between the truck and ,body that may affect the truck
characteristics, such as with a truck steered through links to the body, and for all cars .
with single axle trucks, the suspension characteristics must be tested while connected to
the body.

.Where the truck is at the junction of two articulated bodies, both must be simulated
or used in the suspension characterization tests specified.

TEST LOADS

Modal tests, and tests for the horizontal and vertical suspension characteristics are -
required with vertical loads equivalent to the car in the loaded condition required for the
analyses in which the results will be used. This inciudes tests to measure the alignment
of the axles to each other and to other elements in the system.

GENERAL PROCEDURE

In tests for the suspension characteristics, the recommended procedure is to load the
suspension and to measure the load and displacement, or velocity, across the particular
suspension element, in the required direction. These should be recorded up to the
required maximum and down to the required minimum identified.

The loads may be applied, either through automatic cycling at an appropriate
frequency or through manual increase and decrease of load through at least two
complete cycles. If manual loading is used, delays and intermediate load reversals
between measurements should be avoided. For the determination of stiffness and
frictional energy dissipation, the frequency of cycling must be between 0.2 and 0.5 hertz.

Graphs of load versus displacement or velocity are desirable for the determination of
the required stiffness or damping.

) 4G
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2.0.

2.1.

2.2

2.3.

24.

2.5.

TESTS WITH THE WHEELS RESTRAINED

GENERAL -

In the tests described-in this section, the wheels are rigidly attached to the rails or
supportmg structure and the frame is moved relatwe to them

The methods described are not suitable for trucks havmg steering lmks, 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. ‘

VERTICAL SUSPENSION STIFFNESS

For this test, equal measured vertical loads are applied across the spring groups in
the range from zero to 1.5 times the static load, if possible, and at least to the static load
of the fully loaded car. Vertical actuators are attached to each side of the body or the
structure simulating it. The load may also be applied by adding dead load or a combina-
tion of both dead and actuator loads. '

Vertical deflections are required across all significant spring elements under load. It
is important to report any differences in the measurements taken between each axle and
frame or sideframe.

TOTAL ROLL STIFFNESS

A roll test is required if the roll characteristic between the body and axle includes
movement at or forces due to elements other than the vertical suspension, such as
clearances at sidebearings, or anti-roll bars.

For the roll test, two vertical actuators are required as in the vertical test, but with
the loads in the actuators in opposite directions. The range of roll moments, in inch-
pounds, applied to the truck should be between plus and minus 30 times its static load, in
pounds, or until the wheels lift. The roll angle across all suspension elements may be
measured directly or deduced from displacements.

TOTAL LATERAL STIFFNESS

The lateral stiffness characteristic may be found by attaching an actuator to apply
loads laterally to the body or'bodies, which should be positioned as if on tangent track. If
the lateral motion of the truck frame is coupled to its yaw through a steering mechanism,’
it should be disconnected to prevent the yaw resistance of the frame from affecting the
measurement of lateral stiffnesses.

The minimum and maximum lateral loads applied per truck should be minus and
plus one fifth of the static load carried. Measurements are required of the lateral
displacements across all suspension elements.

INTER-AXLE TWIST AND-EQUALIZATION

~ This test is carried out with only one axle fixed to the track. One wheel of the other
axle in the car or truck is jacked up to a height of 3 inches, and the vertical load and

.. displacement are measured. The stiffness between the axles in twist is the ratio of the

load to the displacement multiplied by the square of the gage. It is a measure of the truck
equalization.
LRSS C-11-414
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3.0. TESTS WITH UNRESTRAINED WHEELS -

3.1. GENERAL

These tests involve movéments‘ 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 raxl 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
mlsallgnment 1s their mean yaw angle.

In the case of trucks which have sng'mﬁcant 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

3.4.

4.1.90

A longitudinal load must be applied to the axle, equivalent to a single load at its
center, and cycled between tension and compression up to half the static load on the axle.

. The load may be applied directly between axles, or between the test axle and ground
through an appropriate structure, with the body or truck frame restrained. The load may
also be applied directly between the axle and frame, or in the case of a car w1th 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 dinectly 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.

AXLE LATERAL AND INTER-AXLE SHEAR STIFFNESS

The inter-axle shear stiffness may be found by shearing the axles, or moving them in
opposite directions along their axes, and measuring the shear or lateral deflection
between them. The shear force on each axle must be at least one tenth of the static
vertical axle load. - .

This test may be combined with the inter-axle longitudinal test of sectlon 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 applled separately with a suitable arrangement of actuators and
restraints.

Measurements are made of the 1ate1al misalighment of the axles during the load

ccvcle. The %hea: stiffness is the ratio of shear force to the lateral misalignment.
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3.5.

3.6.

4.0.

1.1.

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.

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 effectwe 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 radlal
mlsahg'nment

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.

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 bétween the car body and truck })olster or frame must be measured.
RIGID AND FLEXIBLE BODY MODAL -CHARACTERISTICS

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.

S
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4.2,

4.3,

4.4.

4/1/90

TEST CAR BODY

For cars consist.ing' of more than o‘ne"‘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.

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. . A

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 logarithfnic decrement
in tra(lsient tests or the bandwidth of the response from a range of frequenci‘es.

RIGID BODY MODES
The rigid body modes for the car are:

Body bounce

Body pitch

Body yaw and sway
Lower center roll
Upper center roll

In the case where the normal load on the body is not centered between the
suspensions, the body bounce mode may be coupled to the body pitch. The required
measurement of bounce and pitch may be achieved by two vertical measurements at the
ends of the car. Their weighted sum provides bounce and their weighted difference pitch.
The weighting is dependent on their position relative to the center of mass.

Yaw and sway are deduced from lateral measurements made at each end of the body,
a known distance from its mass center, similarly to the determination of pitch.

Measurement of the upper and lower center roll modes are determined from lateral
displacements taken at two heights, or by a single lateral displacement and a roll angle
measurement.
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4.5. FLEXIBLE BODY MODES

The flexible body modes for the car are:

Torsion
Vertical bending
Lateral bending

S ~ Determination of the frequency and damping in the torsion mode requires excxtatlon
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 vei'tical or
lateral excitation at one end or both ends of the car. The first bending mode has a

maximum amplitude at or near the car center. The second bending mode has a node or
point of minimum response at the center.

'5.0. PARAMETER ESTIMATION*

* Tests are presently being conducted to examine this method.

136
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APPENDIX B

SPECIFICATION FOR INSTRUMENTED WHEELSETS
FOR CHAPTER XI (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-1001 must meet the requirements of this specifica-
tion. Load measuring wheelsets are a critical transducer for a wide range of the Chapter
XI vehicle dynamics tests. Calibrated wheelsets will be required to accurately measure
lateral and vertical wheel/rail forces, as well as wheel lateral to vertical force (L/V) ratios.

" A verification of wheelset accuracy is performed through a three-step process con51stmg
of cahbratlon analysis, and field procedures .

2.0. INSTRUMENTED WHEELSET SPECIFICATIONS

To be accepted for Chapter XI testmg, a load measuring ‘wheelset de51g'n ‘must meet
the following specifications:

2.1.

Vertical wheel load measurements must be within +/— 5 percent of the actual
vertical load. This accuracy is to be maintained for loads ranging from 0 to 200 percent of
the static whee! load. The minimum signal resolution is to be no less than 0.5 percent of
the static wheel load.

2.2

Lateral wheel load measurements must be within +/— 10 percent of the actual
lateral load. This accuracy is to be maintained for loads ranging from 0 to 100 percent of
the static (vertical) wheel load. The minimum signal resolution is to be no less than 0.5
percent of the static (vertical) wheel load.

2.3.
Maintain the above stated accuracy requirements, at all times, for:
2.3.1.

All potential load cases (longitudinal loads of up to 60 percent of the static (vertical)
wheel load, lateral loads of up to 100 percent of the statiec (vertical) wheel load, and
vertical loads of up to 200 percent of the static wheel load).

2.3.2.
All potential wheel/rail contact conditions including full flange contact, outside tread
contact, two-point contact, and flange contact at high wheelset angles of attack.
2.3.3. |
An operating speed (for dynamic wheelset 6utput) of from 5 to 80 mph. __
2.3.4.

Signals from 0 to 30 Hertz.
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2.3.5.

Over a recommended operating ambient temperature range of 0 to 110 degrees

. .Fahrenheit. Any restrictions in the operating temperature range are to be noted.

24.

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

3.1

‘Wheelset accuracy is to be substantiated through calibration, analysis, and testing. A
minimum number of required wheelset static tests to calibrate and verify wheelset
output are described. Since dynamic calibration of load measuring wheelsets has proven
difficult, further verification of wheelset accuracy relies on required static and dynamic
analyses. A limited set of simple experimental procedures are then prescribed to confirm-

- proper wheelset function under field cdnditior;l_s.

STATIC CALIBRATION

Static tests to determine the wheelset calibration factors arerequiredof all instru-
mented wheelsets. Documentation in support of the calibration tests is to include a
complete description of the calibration stand and the calibration procedure. Calibration
for vertical and lateral loads is to include testing for a minimum of six wheel rotational
positions (0, 60, 120, 180, 240, and 300 degrees). Calibration for vertical loads is to include
testing for a minimum of three contact point lateral positions (on tape line and one inch),
respectively, to the flange and wheel face of the tape line. Each calibration sequence is to
be repeated at least once to verify measurement repeatability.

The static calibration tests are as follows:

3.1.1.

Using an appropriate loading scheme, vertical loads ranging from 0 to 200 percent of
the static wheel load are to be applied with a minimum of 5 equally spaced inputs (0,;50,
100, 150, and 200 percent of the static wheel load). Strain gauge output for both vertical
and lateral force circuits is to be recorded.

3.1.2.

Using an appropriate loading scheme, lateral wheel loads are to be applied at the
wheel tread ranging from — 100 to 100 percent of the static wheel load with 2 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 simuitaneously. 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. ‘

C-11-420

4/1/90



Association of American Railroads
Mechanical Division
Manual of Standards and Recommended Practices

3.2. ANALYSIS

The following theoretical analyses are required to verify theoretical wheelset ac-
curacy for load combinations that cannot satisfactorily be applied using a conventional
static loading frame. It is assumed that finite element or similar calculations will have
been performed beforehand to obtain the theoretical wheelset calibration factors. Any

variations in wheelset output or accuracy due to rotational position are to be described. -§

Static finite element or similar calculations to verify theoretical wheelset accuracy
for the following scenarios:

3.2.1.

Single point contact at one inch toward the wheel face from the wheel tape line for a
vertical load of 50 and 200 percent of the static wheel load in combination with a lateral
load of -25 and 25 percent of the statlc wheel load (giving a total of four load
combinations). :

3.2.2.

Single point contact on the flange (defined as being at a point giving a rolling radius
one-half inch greater than that obtained at the tape line) for a vertical load of 100 and
150 percent of the static wheel load in combination with a lateral load of 25, 50, and 75
percent of the static wheel load (giving a total of six load combinations).

3.2.3.

Single point contact at the wheel tape line for a vertical load equal to the static
.wheel load in combination with a longitudinal load of -50, —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 rotatlon

3.2.4.

Single point contact at the flange for a vertical load of 75 percent of the static wheel
load in combination with a longitudinal load of —-50, ~25, 25, and 50 percent of the static
.wheel load and a lateral load of 50 percent of the static wheel load (for a total of four load
combinations).

3.2.5.

Two-point contact with the first point of contact at one-half inch toward the wheel
face from the wheel tape line and the second point of contact at the flange -and displaced
-0.5, 0, and 0.5 inches longitudinally from the-mid-plane axis of the wheelset. The
loading at the tread contact is to be a vertical load of 50 percent of the static wheel load
in combination with a longitudinal load of —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.

. Single point contact at the tape line for a wheel with a radius one-quarter inch less
‘than nominal and a vertical load equal to the static wheel load in combination with a
lateral load of 10 percent of the static wheel load. .
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3.2.7.

* Single point contact-at: the flange. for a wheel with a radius one-quarter inch less
'than nominal and a vertical load -equal to 75 percent of the static wheel load in
combmatlon with a lateral load of 50 percent of the static wheel load.

‘Results for the twenty-three static calculation cases described above are to be given
as the percent deviation of the predlcted lateral and vertical force values from the-
. applied values. :

A smgle dynamic finite element or 51mllar calculatlon to verxfy theoretical wheelset
accuracy under dynamic conditions:

i

3.2.8.

This calculation is to verify that no wheelset vibration modes are present with
natural frequencies below 30.Hertz. If such modes exist, a dynamic calculation is to be
performed for the following wheelset input: single point contact at the wheel tape line for

.a vertical load equal to the static wheel load in combination with a time varying
longitudinal load with an amplitude of 25 percent and a lateral load with an amplitude of
10 percent of the static wheel load. The mean longitudinal and lateral force are both to be
zero. The calculation is to consider an input frequency ranging from 0 to 30 Hertz where

" the lateral and longitudinal force signals are 90 degrees out of phase. The boundary
‘condition to be used for both this calculation and the wheelset natural frequency
calculation is to fix the wheelset in the longitudinal, lateral, vertical, and rotational
sense at the bearing centerline (axle top dead center).

The results of the dynamic calculation are to be given as the mean value and
amplitude of the predicted lateral and vertical forces as functions of the wheelset
rotational position. ‘

3.3. TEST PROCEDURES
The following experimental analyses are required:
3.3.1. '

A zero speed jacking test to set the wheelset zero followed by a slow speed roll (at
ten, twenty, and thirty miles per hour) along tangent track to verify that wheel vertical
load signals are within +/— 5 percent of the calibrated scale axle load for constant speed
operation on level tangent track. Wheelset signals will be evaluated on the basis of mean
values for a randomly chosen output segment having a minimum duration of ten
seconds.

3.3.2.

A steady-state curving test to confirm that net truck or car lateral loads are within
+/— 10 percent of the theoretical value for constant speed operation on constant radius
track at speeds corresponding to +3, 0, and —3 inches cant deficiency. Both curvature
and superelevation of the track need to be constant and accurate. Wheelset accuracy is to
be verified on a sharp curve (7 degrees curvature and above) for curving with hard flange
contact. Wheelset signals will be evaluated on the basis of mean values for a randomly
chosen output segment having a minimum duration of ten seconds.

| 3.3.3.

As an alternative to this test a zero speed jacking test is suggested using equal and
opposing lateral loads applied (via a hydraulic jack) to the wheel backs. Measured lateral
loads are to be within +/— 5 percent of the applied value for loads ranging from 0 to 50
percent of the static (vertical) wheel load.

C-11-422
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Association of A:m'e_rican Rﬁilroads‘
Mechanical Division
Manual of Standards and Recommended Practices

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 havmg a minimum duration
~of ten seconds.

4.0.

4.1.

The test procedures prescribed above are also to be repeated and recorded at the
start of each Chapter XI test series. A record of such results is to be kept for each
Chapter XI certified wheelset. A minimum of the vertlcal load accuracy test is to be
performed at the start of each daily test session.

RECORDS

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-

4.2.

duced to an accepted specification.

An instrumented wheelset which has met these requirements w111 be 80 certlﬁed by

 the designated AAR representative.

4.3,

4/1-90

" The designated AAR observer for Chapter XI testing will vérify 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.

C-11-423






APPENDIX C

TRIPLET TRACK WORTHINESS TEST PROCEDURES
AND
TRIPLET TRACK WORTHINESS SETUP PROCEDURES

(1) ON-TRACK TEST PHASE |

(2) ON-TRACK TEST PHASE I TEST SETUP
(3) ON-TRACK TEST PHASE 11

(4) ON-TRACK TEST PHASE II TEST SETUP
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PEACEKEEPER RAIL GARRISON
PROCEDURE PKRG-7000-TRIPLET CARS
ON-TRACK TEST PHASE I

1.0 DESCRIPTION

This procedure outlines the sequence of steps to conduct On-Track Triplet Test,
Phase I Testing at the Transportatlon Test Center (TTC). The On-track Testmg con-
sist of seven sub- tests:

Hunting | Test ‘
Constant Curvmg Test
Spiral Negotiation Test
Rock and Roll Test
Pitch and Bounce Test
Dynamic Curving Test
Yaw and Sway Test

NI-NVF RIS

* Additionally, two tests have been added for the Rail Garrison program,

they are:

1.1 INDEX

1.0
11
1.2
1.3

14

1.5
1.6
2.0
2.1
3.0
3.1
32
33
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

PROCEDURE PKRG-7000 TRIPLET i ' 1



50 Lateral Stability on Tangent Track (Hunting)
51 - Test Setup

52 . On-track Testing
53 = 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 Unloadmg
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 |
100  Dynamic Curving Test
101 Test Setup
10.2 ~ On-track Testing
103  Post Test
104 Test Tear Down
11.0 Turnout and Crossover Test
11.1 Test Setup
12.0 Special Perturbatlons
12.1 - Test Setup
122 On-track Testing
123 Post Test’ |
13.0 Yaw and Sway Test
13.1 Test Setup
132 ¢ On-track Testing
ﬁ S PROCEDURE PKRG-7000 TRIPLET



13.3
14.0
15.0
16.0

‘1.2 EQUIPMENT LIST

Fw e an o

[
.

1.3 FIGURE
Figure
Figure
Figure

Post Test - - :
Test Car Unloading
Test Tear Down
QA Verification

4ea.
2¢a.
2ea.
2ea.
6ea.
lea.
4ea.
lea.

159ea.

LIST
3-1
3-2
13-1

1.4 TABLE LIST
Table 3-1 Constant Curving Conditions

IITRI Instrumented Wheel Sets -

ENSCO Instrumented Wheel Sets

Single Roll Gyrometer

Lateral Accelerometer

Strip Chart Recorder

Digitizer

100-Ton Jacks

HP 360 Data Acquisition System

Signal Conditioner

All Safety Equ1pment As, Requlred By TTC

36" and 38" Instrumented Wheel Set Con_fighfation
Core Test Consist . - :
Yaw and Sway Instrumented Wheel Set Cbnfiguration

1.5 REFERENCE LIST |
PRKG 2100....
PKRG 3100....

PKRG

PKRG

PKRG

3300.....

3400.....

3500.....

Truck Inspection Procedure
Instrument Installation Procedure

Manual of Standards and Recommended Practices,
Section C, Part II, Volume I, Chapter XI

ENSCO 38" Instrumented Wheel Sets Installatlon Cahbratlon
and Operation

IITRI 38" Instrumented Wheel Sets Installatlon
Calibration and Operation

IITRI 36" Instrumented Wheel Sets Installatlon Calibration and -
Operation

—

PROCEDURE PKRG-7000 TRIPLET
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PKRG 3800-TC  On-track Test Setup Phase I

PKRG 700L.....
PKRG 7002....
PKRG 8100.....
M1001

Test Sequence Chart.
Daily Pre-test Sign-off Sheet
Loading/Unloading Procedure for 36" Tr1p1et Cars

Manual of Standards and Recommended Practices,
Section C, Part II, Volume I, Chapter XI

TTC Operation Rules for the Transportation Test Center,
Pueblo, Colorado, AAR, November 1, 1989

Peacekeeper Rail Garrison Test Implementatlon Plan (for

appropriate test car), Chapter XI testing

ENSCO Operating Manual
IITRI Operating Manual
TTC Safety Rule Book

1.6 TEST DOCUMENTATION LIST
NONE

14

=y
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NOTE

All personnel involved in the Ferformance of this.procedure or
observing the test(s) will comply with the TTC Safety Rule Book.

2.0 PRE-TEST FOR ALL TESTS (EXCEPT YAW AND SWAY)

2.1 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 wheel loca-
tion. -

-2.1.3  Remove all slack adjusters.
2.1.4  Secure emergency brake chain.

2.1.5 Remove and secure all loose brake system components. Mark 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 100-ton jacks at the jacking pad, jack the test car up
a{)proximately 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.

PROCEDURE PKRG-7000 TRIPLET
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2.1.10

2.1.11

2.1.12

2.1.13

2.1.14

2.1.15
2.1.16
2.1.17

2.1.18

2119

2.1.20

2.1.21

Roll out Truck 4. - -

Lift Truck 4 and remove the leading Axle 8 wheel set.

Replace the leadmg wheel set with the ITTRI WS 17 Instrumented

Wheel Set in accordance with, PKRG-3400 IITRI 38" Instrumented
Wheel Set Installation, Calibration and Operatlon and PKRG-
3800-TC On-track Test Phase I. -

Roll the truck back under the span bolster.

Léwer the span bolster.

Lift tile fearv of the span bolster and place on blocks.
Roll out Truck 3.

Lift Tmbk 3 a;id remove wheel setl(Axle 6).

Replace the leading wheel set with the ENSCO WS 1 Instrumented
Wheel Set in accordance with, PKRG-3300 ENSCO 38" Instrum-
ented Wheel Set Installation, Calibration and Operation and
PKRG- 3800-TC On-track Test Phase I.

Roll the truck back under the span bolster.

Lower the span bolster and replace the running gear assembly.

Lower the jackS., -

. PROCEDURE PKRG-7000 TRIPLET
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2.122 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 completion of the wheel set change out.

-

3.0 36" INSTRUMENTED WHEEL SET INSTALLATION PROCEDURE

3.1 Test Setup |

TASK QA
NUMBER PROCEDURE ‘ - INITIAL

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 wheel loca-
tion. :

3.1.3 Remove all slack adjusters.
3.14  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.l

3.1.7  Using two 100-ton jacks at the jacking pad, jack the test car up
a{Jproximately 12 inches to remove the B-end running gear assem-
b -

3.1.8 Roll the span bolster and trucks away from the car.

PROCEDURE PKRG-7000 TRIPLET
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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 wheel set with the 36" II'TRI Instrumented
- Wheel Set in accordance with the PKRG-3500 II'TRI 36" Instrum-
ented Wheel Set Installation, Calibration and Operation and
PKRG- 3800-TC On-tra(‘;k Test Phase L.

3.1.13 Roll the truck back upd_geir‘ 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. - o 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.

PROCEDURE PKRG-7000 TRIPLET



3.1.18 Quality verlfy the completlon of the wheel set change out as shown
in Figure 3-1

4_—
Locomotive T-5

=0

wS-17

Figure 3-1 36" and 38" Instrumented Wheel Set Configuration

3.2 Coupling of the Test Car and the Instrumentation Car

TASK QA
NUMBER PROCEDURE : INITIAL

3.2.1 Couple the A-End of the Triplet Cars behind the instrumentation
car; then, couple 6 loaded 100-ton buffer cars to the Triplet Cars
Flgure 3-2 shows the core test consist.

-
Locomotive T-5

T — o= F

|

Figure 3-2 Core Test Consist

CAUTION
Restrict coupling speed to 3 5 mph
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3.3 38" Instrumentation Checkout

TASK : QA
NUMBER PROCEDURE INITIAL
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 Operatlon and PKRG-3800-TC On-track Test

Phase L ‘
3.3.2  Quality verify coupling of the Triplet Cars and the Instrumentation.

Car is complete.
34 36" Instrumentation Checkout
TASK QA
NUMBER ‘ - PROCEDURE INITIAL:
34.1 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 1. ‘
342  Quality verify coupling of the Trlplet Cars and the Instrumentatlon

Car is complete. ‘
40  TESTSETUP
TASK QA
NUMBER ‘ PROCEDURE INITIAL

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-
| tlon Calibration and Operation.

PROCEDURE PKRG-7000 TRIPLET
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4.0.3

Quality verlfy coupling of the Triplet Cars and the Instrumentatlon ‘

Car is complete.

. Test sequence is arbltrary The test

sequence may bedictated by track avallablhty
at TTC. o

5.0 LATERAL STABILITY ON TANGENT TRACK (HUNTING)

5.1 Test Setup

Ensure that the instrumentation is checked out in accordance w1th -

Steps 3.1.1 through 3.3.2 and 3.4.1 through 34. 2

PROCEDURE PKRG-7000 TRIPLET
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TASK , QA :
NUMBER PROCEDURE INITIAL
5.1.1  Ensure that buffer cars are coupled to the core test con51st as

- illustrated in Flgure 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 Operatlon and PKRG-

3800-TC On-track Test Phase L. =
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 . QA
NUMBER ‘ PROCEDURE INITIAL
5.2.1

1



52.1.1
5212

522

5.2.3

5.24

5241

525

5.25.1

15

NOTE

Test to be conducted on 5,000 feet of dry tangent track on the
RTT with Class S 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 rmlhsecond

Ensure applicable perturbations have been verified.
Ensure pretest sign off sheet PKRG-7002 has been completed.

i
i

During the 1mt1a1 30 mph track condltlonmg run, keep the speed

~constant through the test zone.

Start acqulrmg lateral acceleration data 200 - 300 ft. before reach-
ing the test zone. The computer should be triggered by Automatic
Location Device (ALD)

Stop data acquisition 200 - 300 ft. beycnd the test zone.

Review test, ensure data is acceptable and 1nd1cates that the test
can be contmued

Repeat test once.

Compare maximum limiting values. Ensure readings are within 15
percent of each other. For instrumented wheel sets, 5 percent on
roll gyros and accelerometers

PROCEDURE PKRG-7000 TRIPLET
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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 (80 percent of stop
criteria) (.8 g peak to peak, 1.0 L/V); then, increase 'sgeed in
increments of 2 mph until a maximum test speed of 70 mph is
reached. ‘

5.2.7 Inthe Test Engineer’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).

5.2.8  Quality verify that the test is completed.

5.3 Post Test

TASK S \ QA
NUMBER' ~ PROCEDURE g : INITIAL

5.3.1  Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3800-TC.

532 Perform Post Test Visual Inspection.

6.0 CONSTANT CURVING TEST

6.1 Test Setup

TASK | QA
NUMBER PROCEDURE _ INITIAL

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 ENSCO 38" Instrumented
Wheel Set Installation, Calibration and Operation and PKRG-
3800-TC On-track Test Phase 1.

PROCEDURE PKRG-7000 TRIPLET . 13
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6.1.3  Ensure that 1nstmrnentatlen meets the requirements outlined in
PKRG-3500 IITRI 36" Instrumented Wheel set Installation, Cali-
ll))ratlori and Operatlon and PKRG- 3800 TC On- track Test

hase , .

6.1.4  Ensure that buffer cars are coupled to the core test consist as
illustrated in Figure 3-2.

CAUTION
Restnct couphng speed t03.5 mph

6.2 On-track Testing

TASK h N | , QA
NUMBER ‘ - PROCEDURE A INITIAL

6.2.1 This test utilizes three different degrees of curvature and superele-
-~ vation (7:5-, 10-, and 12- degree with 4, 3.4 and S inches of superele-
¢+ vation respectwely) avallab e'on the WRM track.

6211 | Ensurel;._lppli‘cab‘-l‘e vperturbvati‘onsr have been verified.
6.2.1.2 Ensure ’pre-tesf sign off sheet PKRG-7002 has been completed. - -~ - -

6.2.2 Deterrm'ne the test ‘run‘sp'eed by equation:

(U+H)
V= \[14897

Where: .U = unbalance in inches | ~ Where: U=
H = superelevation in inches H=
D = degree of curvature . ' | =

6.2.3 For U =-3. 0,and 3 inches of unbalance.

PROCEDURE PKRG-7000 TRIPLET
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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 of 45 mph. The speed calculate for the -3 inches may be zero or less.
If this condition exlsts 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 mllhsecond

eed for each condition

6.24  Operate the test consist at a constant s }) )
1 mph).

shown in Table 3-1 (speeds shall be +

Table 3-1 Constant Curving Conditions Matrix

SUPER || BALANCE [

DEGREE ELEVATION | SPEED | +3INCH| -3INCH
75 3 24.0 320 14.0*
10 34 240 320 120

12 5 25.0 320 | 160

This speed is -2 inch unbalance; -3 inch is 0 mph

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 computer 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 ‘ QA
NUMBER PROCEDURE _ INITIAL
6.3.1 Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3800-TC.

6.3.2 Perfo-r“m“P(’)st .Tes‘; stual Inspection. |

7.0 SPIRAL NEGOTIATION AND WHEEL UNLOADING

7.1 Test Requirements"’

TASK QA
NUMBER PROCEDURE

7.1.1  This test will run conéurrénﬂy with the Constant Curving Test.
7.12  Ensure applicable perturbations have been verified.

7.1.2.1 Ensure pre-test sign off sheet PKRG-7002 has been completed.

7.13 Record data while runmng through the splrals on the WRM during

the curving test.

CAUTION
| Stop- testing when the vertical wheel force is less than

INITIAL

10 percent static wheel load or any wheel L/V exceeds 0.8 for 50 millisecond.

7.14 QA verify that the test is complete.

PROCEDURE PKRG-7000 TRIPLET
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8.0 TWIST AND ROLL TEST

8.1 Test Setup

TASK o ' ) QA
NUMBER PROCEDURE __ | INITIAL

8.1.1 Ensure that buffer cars are coupled to the core test consxst 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, Cah-
bration and Operation, PKRG-3300 ENSCO 38" Instrumented
Wheel Set Installation, Calibration and Operation and PKRG-
3800-TC On-track Test Phase L.

8.1.3 : Ensure that instrumentation meets the reqﬁiré‘m'ents outlined in
PKRG-3500 IITRI 36" Instrumented Wheel Set Installation, Cali- -
bration and Operation, and PKRG-3800-TC On-track Test
Phase 1.

8.2 On-track Testing

TASK | “ QA
NUMBER PROCEDURE - "~ INITIAL

8.2.1. Ensure applicable perturbations have been ve'rifiéd._

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 S mph, +/- 1 mph.

. PROCEDURE PKRG-7000 TRIPLET
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o NOTE \
ENSCO Wheel Set Data not valid below 10 mph.

824 Record the wheel forces, mean roll angle and differences in roll
- between the ends for each truck for a%prommately 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.

- 825 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.

'82.6 Make two runs at each specd ‘In the Test Englneer S log, note the.
speed at which resonance is reached.

827 Stop testing if an unsafe condition is encountered or when the
maximum speed of 60 mph is reached.

828 Quality verify that the Twist and Roll Test is completed.

8.3 Post Test

TASK : QA
NUMBER - ‘ PROCEDURE - : ‘ INITIAL

83.1 Perform Post Test Cal pér"PKRG 3300, 3400, 3500 and 3800-TC.

8.3.2  Perform Post Test Visual Inspection.

PROCEDURE PKRG-7000 TRIPLET .
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8.4 Test Teaf Down

" TASK ' T QA
NUMBER PROCEDURE INITIAL

8.4.1 Remove the loaded buffer cars from the test con51st 1f necessary
for next test reglme : o :

8.42  Quality verify that the Test Tear Down is completed.

9.0 PITCH AND BOUNCE TEST

9.1 Test Setup

TASK | o : S QA
NUMBER PROCEDURE INITIAL

9.1.1  This test is to be preformed to the PTT located between stations
1716+ 00 and 1719+ 90. . -

9.12  Ensure that the buffer cars are coupled to the core test consist as : .
shown in Figure 3-2. .

9.1.3  Ensure that 1nstrumentat10n meets the requlrements outllned 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.

9.14  Ensure that instrumentation meets the re‘quir_ementsi‘outlined in.
- PKRG-3500 IITRI 36" Instrumented Wheel Set Installation, Cali-.
bration and Operation, and PKRG- 3800 TC On-track Test T
Phase I. ‘ '
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9.2 On-track Testing

TASK ‘. S
NUMBER | PROCEDURE

QA :
INITIAL

9.2.1  Ensure applicable perturbations have been verified.
9.2.1.1 Ensure pre-test sign off sheet PKRG—7002 has been completed.

922  Approach the test section at a constant speed of 30 mph, +/- 1
'mph. Start recording test data a 1E)proxlmately 200 ft. before the test
section and contmuously through the test section.

9.23 Usmg 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.

9.24 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.

- 925 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

QA .
INTTIAL

931 Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3800-TC.

932 Perform Post Test Visual Inspection.

10.0 DYNAMIC CURVING TEST

10.1. Test Setup

- TASK

NUMBER ) PROCEDURE

QA
~ INITIAL

- 10.1.1 ThlS 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 requ1rements outlined in

PKRG 3400 ITTRI 38" Instrumented Wheel Set Installation, Cali-

bration and Operation, PKRG-3300 ENSCO 38" Instrumented
Wheel Set Installation, Calibration and Operatlon and PKRG-
3800-TC On-track Test Phase .

10.1.3 . 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 1. :

- 10.2 On-track Testing

- TASK
NUMBER PROCEDURE

QA
INITIAL

. 10.2.1 Ensure TDM predictions have been completed.
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1022 Ensure applicable perturbations have been verified.

1023 ¢ El}sure pre-test sign off sheet PKRG-7002 has been éomplete,d. ,
CAUTION

It shall be regarded as unsafe if a wheel lifts, if any wheel
L/V exceeds 0.8, if the instantaneous sum of the absolute L/V values .
- of the individual wheels on any axle exceeds 1.3, or the car body roll
exceeds 6 degrees peak—to-geak or minimum wheel load of 10 percent static. Stop the test
| “before any of these conditions exist.

102.4 Approa¢h the tést zone at a constant speed of 5 mph.

- - NOTE
. ENSCO data not valid at speeds less than 10 mph. "

10.2.5 Start acquiring test data approximately 200 ft. before the test zone.
" Record the lateral and vertical wheel forces and the roll angle.

102.6 Increase speed in increments 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 : : . QA
NUMBER " PROCEDURE ' o " INITIAL

10.3.1 Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3800-TC.

10.3.2 Perform Post Test Visual Inspection.

PROCEDURE PKRG-7000 TRIPLET . ‘ 2
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10.4 Test Tear Down

TASK | QA .
NUMBER - PROCEDURE = .- . - INITIAL ..

104.1 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 comipleted.

11.0 TURNOUT AND CROSSOVER TEST |

11.1 Test Setup

TASK . | \ QA
NUMBER ... PROCEDURE .. . , INTTIAL

11.1.1 Use whatever configuration the 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
RTT and TTT 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.

PROCEDURE PKRG-7000 TRIPLET
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12.0 SPECIAL PERTURBATIONS

12:1 Test Setup

TASK QA
NUMBER ‘ PROCEDURE ) INITIAL

12.1.1 If necessary, the consist may be run through special perturbatlons
to be identified later. - .

12.1.2  Test setup will be defined at that time.

12.2 On-track Test

TASK | o QA
NUMBER PROCEDURE INITIAL

12.2.1 Test procedure and stop criteria will be identified later.

12.3 Post Test o , R

TASK | ' T QA
NUMBER - PROCEDURE INITIAL

12.3.1 Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3800-TC.

12.3.2 Perforni Post Test Visual Inspection.

'13.0 YAW AND SWAY TEST

13.1 Test Setup |

TASK SR | QA
NUMBER PROCEDURE , INITIAL

13.1.1 This test is to be conducted on section 21+ 00 to 26+ 00 of the PTT.

PROCEDURE PKRG-7000 TRIPLET



13.1.2 Reconfigure the 38" instrumented wheel sets by répeating 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.

e
Locomotive ~ T-5

Figure 13-1 Core Test Consist

13.2 On-track Testing

TASK . QA
NUMBER PROCEDURE INITIAL

13.2.1 Ensure applicable perturbations have been verified.
1322 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.

1324 The initial test run is to be conducted at a constant spéed 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. g

PROCEDURE PKRG-7000 TRIPLET



CAUTION

It shall be regarded as unsafe conditions if the ratio
- of the total lateral forces on any one side measured exceeds _
0.6 for a duration equivalent to 6 it. or any axle sum L/V exceeds
1.3 for: 50 millisecond.’ Stop the test when elther COIldlthl’l e)usts

( i

132.6 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 mph is reached.

Speed may be increased in increments of 5 mph when nearmg
resonance is passed ‘

13.2.7 Quality verify that the Yaw and Sway Test is completed.

13.3 Post Test ;‘

TASK | QA
NUMBER PROCEDURE I INITIAL

13.3.1 Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3800-TC.
1332 Perform Post Test Visual Inspection.

14.0 TEST CAR UNLOADING

TASK : . QA
NUMBER PROCEDURE INITIAL

14.0.1 Unload car per Procedure-8100-Triplet Cars |

PROCEDURE PKRG-7000 TRIPLET
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150 TEST TEAR DOWN

TASK B T TS O ‘ QA
NUMBER : PROCEDURE .-~ ¢ U .

15.0.1 The procedure for tear down of the ENSCO 38" Instrumented
Wheel Sets is located in PKRG 3300, Section 5.0 through 5.1.
Refe(ri to this procedure and the apphcable section to complete test
tear down. A .

15.0.2 The procedure: fof tearjdan of the IITRI 38" Instrumented Wheel
Sets 1s 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 tear down.

16.0 QUALITY VERIFICATION

TASK . ‘ QA
NUMBER " PROCEDURE ‘ INITIAL

16.0.1 Quality verified that Procedure PKRG-7000-Tnplet Cars complete
~ and closed.

- 16.0.2 ' Authorized QA signature

PROCEDURE PKRG-7000 TRIPLET
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PEACEKEEPER RAIL GARRISON
PROCEDURE PKRG-3800-TC
ON-TRACK TEST PHASE 1 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 I Test Setup to be performed on three commercial

span bolster cars (Triplet Cars)

1.1 INDEX
1.0,
11

1.2
13
14
15
2.0
2.1
2.2
23
24
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. .

b.
c.
d

4 ea. - 38" Instrumented Wheel Set Systems
2 ea. 36" Instrumented Wheel Set Systems
8ea. Junction Boxes

1 ea. Automatic Location Detector

PKRG-3800-TC



1 ea.
1ea.
1ea.

g o oo

4 ea.
8 ea.

=
H

4 ea.

—

4 ea.
3 ea.
2 ea.
1ea.
1ea.
2ea.

1 ea.
1 ea.
1 ea.

£ <gr~v 50w 0QH

1ea.

1.3 FIGURE LIST
Figure 2-1

1.4 TABLE LIST
None

22 ea.

2 ea. »

Wheel Tachometer

IRIG-B Time Code Receiver-

IRIG-B Decoder

String Pot, + /- 1" range

String Pot, + /- 5" range

String Pot + /- 10" range

Accelc:pmetér + /- Sgrange.
Accelerometer + /- 15g range
Accelefometer +/-25g range

Rate Gyro +/- 8-degree range
Instrumented Coupler, + /- 200 KIP range
Thermocouple, - 50 to + 100 degree Fahrenheit
Inclinometer, + /- 10-degree range

Strain Gage Bending Bar, + /- 1" range
HP 9000 model 360 Computer System

HP 6944 A Multi-programmer

Dot X 205 Rail Test Vehicle

As needed Safety Equipment as required by TTC

Instrumented Coupler, + /- 1,000 KIP range

Test Vehicle Configuration

1.5 REFERENCE LIST

PKRG-2100
PKRG-2200
PKRG-3100
PKRG-3200
PKRG-3300

Truck Inspéction Procedure

Car Inspection Procedure

Instrumentation Installation Procedure
Instrumentation Verification Procedure

EN SCO 38" Instrumented Wheel Set Procedurc
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PKRG-3500
PKRG-3400
AAR/TTC

AAR/TTC

. M1001

IITRI 36" Instrumented Wheel Set Procedure

IITRI 38" Instrumented Wheel Set Procedure

Instrumentation SOP NO. 024 9/89

Rate Gyro Setup and Calibration Procedure

Manual Of Standards and Recommend Practices, C, Part II, Vol-
ume I, Chapter XI S

Instrum 2702 Signal Conditidner Setup Procedu-re'

TTC Operation Rules for thé'Tr'énsportation Test Center, Pueblo,
Colorado, AAR, November 1, 1989

Peacekeeper Ra11 Garnson Test Implementatlon Plan (for appro-

: pr1ate test car), Chapter XI Testmg

“PKR'G-BSOO-TC



NOTE.

All personnel‘involved in the Ferformance of this procedure or observmg the test(s) will
comply with the TTC Safety Rule Book R

2.0 ON TRACK TESTING PHASE I TEST SETUP PROCEDURES -

2.1 Test Setup Procedures

TASK NUMBER o PROCEDURE | - QA INITIAL

2.1.1 Install instrumented wheel sets by following the mstrumented wheel -
g set procedures PKRG-3500, PKRG-3400 and PKRG-3300.

212 Couple test vehicle and ldcomotwe to the Dot X 205 Rail Test

Vehicle as illustrated in Flgure 2-1. Comply with TTC Operating
Rules.

-
Locomotive - T=35

" Figure 2-1 Vehicle Configuration

NOTE

Calibration procedures will be accomplished at the start
of each test day for all the following tasks.

PKRG-3800-TC . : 4
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22 Instrumented Wheel Set Calnbratlon Procedure

TASK NUMBER S PROCEDURE - QA INITIAL

221 Refer to procedure PKRG-3100 for completmg the Test
Configuration Data Sheet; Section 5.1-5.8.,

222 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 II'TRI 38" Instrumented Wheel Set Procedure and
PKRG-3300 Installation, Calibration and Operatmn of EN SCO 38"
Instrumented Wheel Set Procedure .

223 Print checkout values and label Pre-test Instrumented Wheel Set

Zeros.

224 Print checkout values and label Pre-test Instrumented Wheel Set
RCAL.

225 Quality verify wheel set calibration is complete.

23 Accelerometer Calibration Procedure for all Accelerometer Channels.

TASK NUMBER PROCEDURE : ' QA INITIAL

2.3.1 Refer to procedure PKRG 3100 for completlng the Test Configuration
Data Sheet, Section 5.1-5.8. ,

232 Refer to Test Measurement List for layout (18 sheets attached at end).

233 Install accelerometers in accordance with AAR/TTC Instrumenta-
tion SOP NO. 024 9/ 89 (attached at end)
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234

235

2.3.6
2.3.7
2.3.8
239
2.3.10
23.11

23.12
123.13

-23.14

2.3.15

Refer to Instrum 2702 Slgnal ‘Conditioner Setup Procedure
for setup (Sections 8 9)

Monitor excitation and adjust excitation to voltage spec1f1ed in the-
conflguratlon data sheet to within + /- 10 mV.. '

Position the function knolé ‘tcl)' INPUT SHORT.

Adjuet ‘the DC offset ofm the .conditioner to zero + /-2 mV.
Position the functien knob to DATA mode.

AdjuSt the balanee petvtot ‘zer‘o volts + /- 10 mV.,

Place the function knob to the CAL mode position.

-~

Verify cal output equals the configuration data sheet.

Place all accelerometers in the DATA mode, print out values and 1abel Pre-test-

Accelerometer Zeros.

Place all accelerometers in the CAL mode, print out values and label Pre- test

Accelerometer RCALS.
Place all accelerometer channels back to the DATA mode.

Quality verify all accelerometer calibration has been completed.
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2.4 String Pot Calibration Procedure for all String Pots.

TASK NUMBER o PROCEDURE QA INITIAL

24.1
24.2

243

2.4.4

245
24.6

247

248

24.9

24.10

Refer to procedure PKRG-3100 for completing the Test
Conflgurauon Data Sheet, Section 5.1-5.8.

Refer to Instrum 2702 Signal Condltloner Setup Procedure
for setup (Section 9).

Monitor the excitation and adjust to + 10.0 VDC + /-5 mV.

With the function knob in the INPUT SHORT position, adJust the DC offset of
the condmoner to zero +/-2 mV.

Position the function knob to DATA mode.
Adjust the balance pot for zero volts + /- 10 mV.

With all the string pot channels i 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 RCALS.

Place all string pot channels back to the DATA mode.

Qualify verify completion of string pot‘calibration.
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2.5 Rate Gyro Calibration Procedure for all Rate Gyros.. .= -«

TASK NUMBER ~ PROCEDURE QA INITIAL

25.1 Refer to procedure PKRG-3100 for completing the Test
Configuration Data Sheet, Section 5.1-5.8.

252 Mount gyros onto gyro rotation platform Mount gyro platform at
appropnate locations. -

253 Ensure 28 volt gyro rotation power is on.

254  Refer to Instrum 2702 Signal Conditioner Setup Procedure
- for setup (Section 9). ‘

255 Monitor the excitation voltage and adjtlst to +10.00 VDC +/- 10 mV.

25.6 With the function knob in the INPUT SHORT position, ad]ust the DC offset of
e the conditioner to zero + /-2 mV.

2.5.7 Position the ;functioh kﬁob to DATA mode.
258 ° Adjust the balarice pot for zero +/- 10 mV.

259 With all 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 approxnnately one minute,
then prmu)ut the values and label Pre- test Gyro RCALS.

2.5.11 Place all gyro channels back to the DATA mode.

PKRG-3800-TC
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25.12  Refer to AAR/TTC Rate Gyro Setup and Calibration Procedure and perform: *
necessary steps for the gyro 1ntegrator unit.

2513 Quality verify that all gyro calibration has been completed.

2.6 Strain Gaged Bendmg Beam Callbratlon Procedure for all Strain Gaged
Bending Beams.

TASK NUMBER PROCEDURE : QA INITIAL

2.6.1 Refer to procedure PKRG-3100 for completing the Test
Configuration Data Sheet, Section 5.1-5.8.

2.6.2 Mount all strain gaged bending beams in accordance with
AAR /TTC Instrumentat1on SOP NO. 024 9/89.

263 Refer to Instrum 2702 Signal Conditioner Setup Procedure
for setup (Sectlon 6). ‘ ,

2.6.4 Monitor the excitation voltage and adjust to +10.00 + /-10mV.

2.6.5 Wlth the function knob in the INPUT SHORT p051t1on adjust the DC offset of
the conditioner to zero +/-3 mV.-

2.6.6  Position the function knob to DATA mode.
2.6.7 Adjust the balance pot for zero volts +/- 10 mV.

- 2.68 With all the strain gaged bending beam channels in the DATA mode, print out
values and label Pre test Strain Gaged Bending Beam Zero.

PKRG-3800-TC
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2.6.9

2.6.10

2.6.11.

Quality verify all couplers and strain gages have been calibrated.

Place all the strain gaged bendmg beam channels in the CAL mode; ‘then print
out the values and label Pre-test Strain Gaged Bending Beam RCALS.

Place all strain gaged bending beam channels back to the DATA mode.

2.7 Inclinometer Calibration Procedure for all Inclinometers.

TASK NUMBER PROCEDURE QA INITIAL

2.7.1

2.7.2

2.7.3

274

275

2.7.6
2.7.7

2.7.8

i8

Refer to procedure PKRG-3100 for completing the Test Conflgura-
tion Data Sheet, Section 5.1-5.8.

Mount all inclinometers.

Refer to Instrum 2702 Signal Condltloner Setup Procedure
for setup (Section 9). '

Monitor the excitation voltage and adjust to +10.00 mV.

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 mV.

With all the inclinometers channels in the DATA mode, print out values and
label Pre-test Inclinometer Zero.

PKRG-3800-TC
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279 Place all inclinometer channels in the CAL mode then ‘printout the values and

‘label Pre-test Inchnometer 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 QA INITIAL
31 Perform testmg as required by individual vehicle test plan.
4.0 QUALITY VERIFICATION

'TASK NUMBER  PROCEDURE - QA INITIAL

4.1 - Quality verify that PKRG-3800-TC is completé and closed.
4.2 Authorized QA signature

PKRG-3800-TC -
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INSTURM 2702 SIGNAL CON DITIONER SETUP PROCEDURE

Q UCT lQ ; This procedure is prov1ded asa supplement to
: the Manufacture Instruction M: -ual-to-organize information
required in everyday use of the .. 2 amplifiers.- This procedure
should allow instrumentation personnel not familiar with this equip-
ment to setup and o dperate the hardware and make minor configura-
t1on changes needed in normal operatlon

This 51gnal cond1t1omng is very flexible and can be conflgured for
many types of transducers.

ke

‘ Th1s s1gnal cond1t1omng prov1des these features:

Excitation-0 to 30 DC volts operatlng 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 capab111ty

- Balancing- Automatic and / or manual correction for 1nput I
imbalance

Input Wiring- Plug in conflguratlon cards for up to 10 wire 1nput
w1r1ng

This document will concentrate: on condltloning the most common
type transducer now in use and will not attempt to replace the I
instruction manual and its theory of operation, -

A SYSTEM X QNFIQLJRATIQN

The Instrum 2702 system is composed of a 10 channel mamframe
cabinet and amplifier modules with a front panel plug-in containing

1n ut 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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.. FRONT PANEL CONTR

The amplifier controls and test pomts required for normal opera-

* tion are allocated on the front panel except for the main frame

ower switch and fuse on rear panel and output No. 2 filter switch
inside the amplifiers rightside cover. A brief descr1pt10n of the

* . controls follows

L giam 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, Vgrlab e Gain Switch Allows multiplying the flxed gain switch
setting up to 2.5 times. Use of this feature is indicated by a red
LED on the lower left side of the: 1nstrument between the variable
gain switch and variable gain screwdriver adjustment. (Use of
variable gam is not recommended asa standard procedure )

* 3 Filter Swugh This sw1tch near ‘the bottorn of the. amphfler |

provides for selection of 15,30,120, or 360 hz. For internal forth

~ order Bessel output filters. The fifth position is W.B. or wideband - |

which bypasses any output

filtering.

4 Monitor This pair of test points monitors output 1 and

is used to set up signal cond1t10ner

'5, Excitation Switch, This locking toggle sw1tch prov1des for -

selection of 0-10, 10-20, and 20-30 volts DC and 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 phys1cally
- located right under the exc1tat10n swnch

7.._Ex Test Points These pin %acks 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 arnplifier 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-3800-TC
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IV.

V.

¢

9, Xd Monitor PanLS Th in jacks monitor the transducer output |

prior to any conditionin are located on the left side of the -
model 2059 plug-in mo ule

10.__Mode Select Switch This four pOSlthIl swrtch located in the
model 2059 plug-in module is used to short amplifier input and

to adjust offset controls, energizing calibration relays, selecting auto
balance function or normal ( data% mode. Note an extra non-
operational positon exists in the clockw15e d1rect1on

11, Bal[Bras Adjustment, This 10k potentlometer is used w1th 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 1nput stage DC
offset when required. This adjustment is normally required after -
mamtenance or repalr _

13, . _Zero RTO Control This screwdriver ad]ustment is for control
of the amplifier final stage offset, if required, and is located on the
lower left front panel. '

ER SUPPLIED COMPONENT
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, hlgh stab111ty parts to assure long term stable
0perat10n

GENERAL OPERATING SEQUENCE

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-3800-TC
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-, 3. Start data a‘cquisit‘ion‘ set-up form.

4, Install transducer using proper mountlng techmque for desued
measurement.

5. Install transducer cable to proper amphfler input connector.

6. Install plug-in  module after venfymg voltage range selector on
proper range and correct resistors are installed.

7. Turn on amphfler power

8. Set desired exc1tat10n per cahbratlon 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 gain to flxed range determined from test requirements and
cahbratron 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 1s indicated correct this
problem before proceeding. If auto balance span is too limited try
auto balance at a lower gain and reset gain if good null obtained.

.. 12. After autobalance is achieved, as indicated by steady green

LED, switch to data position and venfy 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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FULL BRIDGE MEASUREMENTS:

To use the 2702 with 4 leg or full brldge 1nput transducers such as
strain gage circuits, install an Instrum type "H" configuration card in
the 2059 plug-in. Typ1cal values for the plug-in and there

functions are listed below:

R1 100k ohms - Balance Limit

R2 - Short -~ Input filter"

C1 Open : _ Input filter -

R3 Short " Input filter- . -

R4 Open o Not Used -

RS Open Not Used 1.

R6 100k ohms Auto Balance Limit
R7 Open Not Used

R8 xxx.ohms - Shunt Cahbratlon
R9 Open Not Used

-, ‘_,"“; .

The value of R8 to be determined from the transducer calibration
data or from the following equations: .

: (-6)
- _Rox10 Where  Rsh=R8=ohms

-~ Kx(Rsh+Rg)..: . ... .. Rg=Gage=ohms. -

" Es=Simulated’strain
K =Gage factor

. Eo=Bridge volts output -

 Bo=ElxKxEs .. - El=Exdationvolts

VIL

18

4

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. = -

%.INEAR VARIABLE DIFFERENTIAL TRANSFg zRMER
LVDT)

The signal condmoners are set up-to prov1de ex01tat10n 1solat10n
and gain for DC powered LVDT’s by installing a type "K" Instrum

PKRG-3800-TC
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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:

R1 10k ohms Main Balance Span
R2,R3 - Short Input Filter

C1 - Open _ Input Filter

R4 Open Not Used

*R5 Sk ohms . Balance Range .
R6 10k ohms Auto Balance Limit
R7 20k ohms Voltage Sub Divider
RS 1-20k ohms Voltage Sub Divider

R9 Short

* Should be'1 tb 10k using lowest value needed to obtain balance
span desired. :
Voltage sub can be calculated using the following equation.

Vsub = R8x10
, R7+R8

VIIL. 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 ( +/- 1g
~. input), gain, filtering and shunt calibration. The nominal values of
user supplied components are as listed below for subject accelerom-

eters. : ‘

R1,R6  20-100k ohms Balance Limiting
‘RS . 2k ohms - : - Balance Span
‘R2,R3 - Short ' Input Filter
- C1 Open Input Filter

R8 100k ohms : *see note

R9 1n4746A | Over-voltage Protection

" NOTE 100k 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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IX.

o

"_n

_ 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. After 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 +.10r. 12 VDC.

POTENTIOMETER SERQ ACCEL EROMETER 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
components. The main difference in using it for voltage inputs is to
eliminate the wiring input cabling to provide excitation. This card,
however, is designed to exciteand 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.

R1L,R6  50-100k ohms - Balance Range |

R2,R3  Short Input Filter
C1 Open _ - . Input Filter
R4 Open ‘ Input Attenuation
RS - 1-10k ohm Balance Current
R7 10k minimum Voltage Substitution
PKRG-3800-TC : ‘ 18



X.

RS 1 10k ohm = Volt Sub Divider
R9 -~ - Short ™ ~ - Input Attenuation

*Use lowest value needed to obtain desired balance span.

| Voltage substitution (Vsub)-*'cau be calculated using the formula:

Vsub = Bj_x__l()

~R7+R8

AMPLIFIER ZERO AND INITIAL SE I'Up

This section defines checking and adjusting the amphﬁer
Zero:

1. Set front-panel control to short position.
2. Set gain to 1000 (fixed) and 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 1s 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
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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 (TTC). The on-track testing consist of seven sub-
tests:

Hunting Test

Constant Curving Test
Spiral Negotiation Test
Rock and Roll Test
Pitch and Bounce Test
Yaw and Sway Test
Dynamic Curving

One additional test, the Wayside Measurements, has been added for
the Rail Garrison program

NoUnEwL e

1.1 INDEX
1.0 Description
1.1 - Index
1.2 Equipment List .
13 Figure List
1.4 Table List
15 Reference List
1.6 Test Documentation List
2.0 Pre-Test Setup for all Tests (Except Yaw and Sway)
2.1 38" Instrumented Wheel Set Installation on the MLC
2.2 - 36" Instrumented Wheel Set Installation on the Triplet Cars
23 Coi;pling of the Test Car and the Instrumentation Car
24 38" Instrumentation Checkout and Setup
25 36" Instrumentation Checkout and Setup
3.0 Lateral Stability on Tangent Track (Huntmg)
3.1 Test Setup
3.2 On-track Test
33 Post Test

PKRG-9000 ON-TRACK TC
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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

71 TestSetup

72 ‘On-track Test

7.3 Post Test ‘

80 .. Turnou‘_t and Crossov.er Test
8.1 ' Test S-etup

9.0 ... . Special Perturbations

91  Test Setup

9.2 ~ On-track Test .

9.3 Post Test - .

10.0 Dynamic Curving

10.1 Test Setup

10.2 On-track Test
103 Post Test “

110 " Yaw and Sway Test

1.1 Test Setup ..

112 On-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
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1.2 EQUIPMENT LIST o
4ea. IITRI Instrumented Wheel Sets _ " ,

a.
b. 2ea. -~ ENSCO Instrumented Wheel Sets | .
c. 2ea. Single Roll Gyrometer oo r
d. 2ea. Lateral Accelerometer R
e. 6ea. Strip Chart Recorder
f. lea. Drgrtlzer
g dea.  100-Ton Jacks N
- h. lea. HP 360 Data Acquisition System ‘ o
i 160ea. Signal Conditioner |
j- 4ea. - Video Cameras
k. As needed Wayside Measurements and Angle of Attack
L. All Safety Equipment as Requlred by TTC
1.3 FIGURE LIST
Figure 2-1 Triplet and MLC Instrumented Wheel Set Conflguratlon :
Figure 2-2 Core Test Consist ' |
Figure 11-1 Yaw and Sway Instrumented Whéel Set Configuration

1.4 TABLE LIST o
Table 4-1 Constant Curving Conditions Matrix

1.5 REFERENCE LIST ,
PRKG 2200.... Car Inspectlon Procedure _
PKRG 3100.... Instrument Installation Procedure

- PKRG 3300..... ENSCO 38" Instrumented Wheel Sets Installatlon Cahbratlon and
‘ Operation

PKRG 3400.... IHITRI 38" Instrumented Wheel Sets Installatlon
Calibration and Operation :

PKRG 3500 ..... IITRI 36" Instrumented Wheel Sets Installatron 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 3
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Manual of Standards and Recommended Practlces
Section C, Part II, Volume I, Chapter XI :

Peacekeeper Rail Garrison Test Implementatlon Plan, (for
appropriate test car), Chapter XI Testing

TTC Operation Rules for the Transportation Test Center,

- Pueblo, Colorado, AAR, November 1, 1989

ENSCO Operating Manual

: IITRI Operating Manual

TTC“;:Safety Rule Book

'1.6 TEST DOCUMENTATION LIST

None

U

oF
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NOTE

All personnel 1nvolved in the Ferformance of thlS procedure or
- observing the test(s) will comp

2.0 PRE-TEST SETUP FOR ALL TESTS (EXCEPT YAW AND‘ SWAY)
2.1 38" Instrumented Wheel Set Installation on MLC

TASK ‘
NUMBER PROCEDURE

y wuh the 'ITC Safety Rule Book.

QA

. INITIAL _

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.

2.14 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 100-ton jacks 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 plaée 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 uﬁder the span bblslter.

2.1.14 Lower the span bolstgr.

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 whegl 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 rhnm'ng 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
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2.1.23. Quality verify the completion of the wheel set change out.

22 36" Instruxhented Wheel Set Installation on MLC

TASK S A QA
NUMBER - PROCEDURE ) ‘ INITIAL

22.1 Chock all A-end wheels.

2.2.2’ Disconnect the hand break chain and air brake line oﬁ the lead
Triplet Car.

223  Ensure brake shoes and keys are removed from each instrumented
‘ wheel location. ‘

224 Remove all slack adjusters.
225 Secure emerg_enéy 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 100-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.
229  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

22.12

2.2.13

22.14

2.2.15

2.2.16

2.2.17

Lift Truck 2 and remove the leading Axle 4 wheel set.

| Réplacc; the leading'wheel set with the 36" IITRI Instrumented

Wheel Set. Place wheel A on le'ftv side of car.

Roll thq‘ truck back u-nide.r the span bol‘s‘ter.

Lower tI;e span bolv“st»e»r aqd-reslace' thei running gear assémbly;
Lower jgcks.

Quality verify the completion of the wheel set change out as shown
in Figure 2-1.

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

N 1

Quality verify the completion of the wheel set change out as shown
in Figure 2-1. :

=

MLC : 36"'.{7“  Buffer Cars As Required

o

= e e e e R S
Piﬂ?ivs-m mm/vv@:z 7 Ws—20. o

WS—-17

- Figure 2-1 Triplet and MLC Instrumented Wheel Set Configuration

PKRG-%000 ON-TRACK TC
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23 Coﬁpling of the Test Car and the Instrumentation Car

TASK
NUMBER , . PROCEDURE. - - -~

QA

- . INITIAL

CAUTION
Restrict coupling speed to 3.5 mph

23.1 Couple the A-end of the loaded 36-inch Triplet Car to the T-5.
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.

[e_ €] [C 0]

Figure 2-2 Core Test Consist

2.4 38" Instrumentation Checkout and Setixp

TASK _
NUMBER . PROCEDURE

QA
INITIAL -

24.1 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-3900-TC On-track Test
Phase II Test Setup.

-- PKRG:9000 ON-TRACK TC



2.5 36" Instrumentation Checkout and Setup

TASK | | | QA

NUMBER' L ~ PROCEDURE | INITIAL

25.1 Calibrate instrumentation in accordance with PKRG-3500 IITRI
36" Instrumented Wheel Set Installation, Calibration and Opera- -
tion and PKRG-3900-TC On-track Test Phase II Test Setup.

- NOTE

 Test sequence is arbitrary. The test
sequence may be dictated by track availability
at TTC.

;

3.0 LATERAL STABILITY ON TANGENT TRACK (HUNTING)

3.1 Test Setup

TASK ' ' ' . QA
'NUMBER PROCEDURE INITIAL

3.1.1 Ensure that buffer cars are coupled to the core test con51st as
illustrated in Flgure 2-2, :

3.1.2 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 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 3900 TC On—track Test Phase II
Test Setup ‘ L

PKRG-%000 ON-TRACK TC
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3.2 On-track Test

' TASK

NUMBER | PROCEDURE

QA

3211

NOTE
Test to be conducted on 5,000 foot of dry tangent track 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.

Ensure applicable perturbations have been verified.

3.2.1.2 Ensure pre-test sign off sheet PKRG-7002 has been completed.

322

323

324

3.24.1

3.25

During the initial 30 mph + /- 1 mph track conditioning run, keep
the speed constant through the test zone. “

Start acquiring lateral acceleration data 200 - 300 ft. before reach-
ing the test zone. The computer should be triggered by Automatic
Location Device (ALD).

Stop data acquisition 200 - 300 ft. beyond the '?fe‘st zone. .

Review test, ensure data is acceptable and indicates that the test
can be continued.

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 L/V); then, increase speed in increments of
2 mph until a maximum test speed of 70 mph 1s reached.

PKRG-9000 ON-TRACK TC
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3.2.6 Inthe Test Engineer’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).

327 Qualit)i verify that the test is edmpleted.

3.3 Post Test

TASK ‘ . - QA
NUMBER ‘ ' - PROCEDURE INITIAL
33.1 Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3900-TC.
3.3.2 Carman perform Post Test Visual Inspection of train. : _
S NOTE

If defects are found, record on PKRG-2200.
4.0 CONSTANT CURVING TEST
4.1 Test Setup
TASK ‘ _ QA
NUMBER : o PROCEDURE INITIAL

4.11 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 II Test Setup

PKRG-%000 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

4.14  Ensure that buffer cars are coupled to the core test consistas
illustrated in Figure 2-2,

~

CAUTION
Restrict coupling speed to 3.5 mph.

4.2 On-track Test

TASK | QA
NUMBER PROCEDURE INITIAL
42.1  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 respectlvely) available on the WRM track. !
4.2.1.1 Ensure applicable perturbations have been verified by the use of an
optlcal transit and automatic levels ‘ _
4.2.1.2 Ensure pre-test sign off sheet PKRG-7002 has}‘been' completed.
\\‘
422 Determine the test run speed by equation:-
(U+H) .
V=4./1480 ——
e
Where: ‘U = unbalance in inche‘s.,,ﬁ‘ .‘ Where: U=

H = superelevation in inches
D = degree of curvature .-

423 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
| negatlve dlfference from the balance ec% ual to the positive dlfference

for the +3 inc

CAUTION

Stop testmg when any L/V exceeds .8
or any axle sum L/V exceeds 1.3 for a period
greater than S 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

’ SUPER - | BALANCE ‘
'DEGREE ELEVATION | SPEED +3INCH| -3INCH
175 3 240 | 320 - 14.0%
10 3.4 240 32.0 12.0
12 5 25.0 32.0 16.0

* This speed is -2 inch unbalance; -3 inch is 0 mph

425  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..

426  Quality verify that the test matrix is éorflplete._

PKRG-9000 ON-TRACK TC



4.3 Post T(_est

TASK . o _ .A | 0A
NUMBER PROCEDURE . . INITIAL
43.1.  Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3900-TC.
432  Carman perform Post Test Visual Inspection of train.
NOTE . .. .

If defects are found then record on PKRG-2200.
5.0 SPIRAL.NEGOTIATIONAND‘ WHEEL UNLOADING
5.1 Test Requirements
TASK S A | QA
NUMBER "PROCEDURE INITIAL

5.1.1  This test will run concurrently with the Constant Curving Test.
5.1.2 " Ensure applicable perturbations have been ve‘rified. ‘

5.1.2.1 Ensure pre-test sign off sheét PKRG-7002 has been completed.

5.13  Record data while running through the spirals on the WRM during -
the:curving test. ‘ .

CAUTION

Stop testing when the vertical wheel force s less than
10 percent static wheel load or any wheel L/V
exceeds 0.8 for 50 millisecond.

5.14  Quality verify that the test is complete.

PKRG-5000 ON-TRACK TC
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6.0 TWIST AND ROLL TEST -

6.1 Test Setup

TASK S ‘oA
NUMBER , .. PROCEDURE INITIAL
6.1.1  Ensure that buffer cars are coupled to the core test con51st as

shown in Flgure 2-2..
6.1.2 - Ensure that 1nstrumentat10n meets the requ1rements outhned 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.
6.1.3  Ensure that mstrumentatldh rheefé the requlrementé outlined in

PKRG-3500 ITTRI 36" Instrumented Wheel Set Installation, Cali- -

bration and Operation, and PKRG-3900-TC On-track Test Phase IT

Test Setup.
62 On-track Test
TASK S N QA ¢
NUMBER ‘ , PROCEDURE - INITIAL

6.2.1. Ensﬁre applicable perturbations have been verified by the use of an
optical transit and automatic levels.

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 (PTT).

6.2.3  Approach the test zone at'a é’dﬁétant"sbéé"d of 5 mph, + /- 1 mph.’

PKRG-9000 ON-TRACKTC
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6.2.4

6.2.5

6.2.6

6.2.7

6.2.8

NOTE
ENSCO Wheel Set Data not valid below 10 mph.

Record the wheel forces, mean roll angle and dlfferehces in roll
between the ends for each truck for a%prommately 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.

Run tests at constant speeds, 1ncreasmg in increments of 5 mph

4+ /- 1 mph until resonance is passed (expected resonance speed 13

mph + /- 1 mph for MLC and 16 mph for +/- 1 m tPh Triplet Cars
calcl:lulated) then, increase speeds in increments of S mph +/- 1
mp

In the Test Engineer’s log note the speed at Wthh resonance is

reached.

Stop testing 1f an unsafe condition is encountered or when the.
maximum speed of 60 mph is reached

Quality verify that the Twist and Roll Test is completed.

6.3 Post Test

TASK QA
NUMBER PROCEDURE INITIAL
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

<18

17



b mps s NOTE
If defects are found then record on PKRG-2200.

7.0 PITCH AND BOUNCE TEST "

7.1 Test Setup

TASK ~ ' ' QA
NUMBER | W PROCEDURE I - INITIAL

7..1  This test is to be perforrned to the PTT located between stations
1716+ 00 and 1719+ 90.

712  Ensure that the buffer cars are coupled to the core test con515t as
shown i in Flgure 2-2. \ :

7.1.3  Ensure that instrumentation meets. the requirements outlined in °
PKRG-3400 ITTRI 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-
bration and Operatlon and PKRG 3900 TC On-track Test Phase II
Test Setup. ‘

7.2 On-track Test

TASK S : ' QA
NUMBER PROCEDURE INITIAL

7.2.1 Ensure apphcable perturbatrons have been verified.

7.2.1.1 Ensure pre-test sign off sheet PKRG-7002 has been completed.

«PKRG-9000'ON-TRACK TC
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722

7.2.3

72.4

7.2.5

Apﬁroach the test section at a constant speed of 30 mph, + /-1
mph. Start recording test data approximately 200 ft. before the test
section and continuously through the test section. -~

Using the information fed to the com: pter' 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.

Increase speed in increments of S 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. ‘

Quality verify that thé Pitch and Bounce Test.is jcornpl-eted'.

7.3 Post Test

rask S Co "
NUMBER .~ PROCEDURE " INITIAL
73.1  Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3900-TC. -
732  Carman perform Post Test Visual Inspection of train.

NOTE . .
- If defects are found,“"re‘cord“‘(.)n PKRG-2200.

-PKRG-9000 ON-TRACK TC

19



8.0 TURNOUT AND CROSSOVER TEST

8.1 Testv Setup

TASK | o ' QA
NUMBER - o PROCEDURE - A INITIAL

8.1.1  Use whatever configuration the consist is in while traversmg from
one test section to the other. :

8.12  Ensure applicable perturbations have been verified.
8.1.3 Ensure pre-test sign off sheet PKRG-7002 has been completed.

'8.1.4 ThlS test will be performed on the turnouts and crossover on the
RTT and TTT near post 85

8.1.5  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 S mph or less.

8.1.6  Quality verify that the Turnout and Crossover Test is completed.

9.0 SPECIAL PERTURBATIONS

9.1 Test Setup

TASK | AR o ' QA
NUMBER . PROCEDURE | INITIAL

9.1.1 If necessary, the consist may be:run through spec1al perturbations
’ to be identified later.

PKRG-9000 ON-TRACK TC -



9.1.2  Test setup will be defined at that time.

9.2 On-track Test

Q4

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-TRACK'TC
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" TASK: . . o i
NUMBER ‘ T PROCEDURE ~ "~ INITIAL
9.2.1  Test procedure and stop criteria will be idenfified~ later.

9.3 Post Test

TASK o QA ‘
NUMBER | PROCEDURE = L INITIAL
93.1 - Perform Post Test Cal per PKRG 3300, 3400, 3500 and 3900-TC. -

9.3.2  Carman perform Post Test Visuél"InSpectidn'Of‘t'rain'.j ,‘ ' e
If defects are found then record.}\on’:PKRG-‘ZZOO. "
10.0 DYNAMIC CURVING TEST
10.1 Test Setup
TASK | : QA -
NUMBER PROCEDURE INITIAL

21



bratlon and Operatlon PKRG 3300 ENSCO 38" Instrumented -
‘Wheel Set Installation, Calibration and Operation, PKRG 3900-TC
On-Track Test Phase i Test Setup

10.1.3 Ensure that the instrumentation meets the requ1rements outhned 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 | | QA
NUMBER " PROCEDURE INITIAL

10.2.1 This test will be run in both the clockwise and counterclockmse
directions.

10.2.2 Ensure applicable perturbations have been verified.
102.3 Ensure pretest sign off sheet PKRG 7002 has been completed.

CAUTION

It shall be regarded as unsafe if any wheel L/V exceeds
1.1 for greater than 50 milliseconds for speeds of 20 mph
or less, if any wheel L/V exceeds 1.0 for greater than 50 milliseconds
for speeds greater than 20 mph or if any car body roll angle exceeds
6 degrees peak-to-peak. Stop the test when any of these conditions exist.

10.2.4 Apptoach the test zone at a constant speed of 10 MPH.

10.2.5 Start acqulrmg test data approximately 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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102.7 Quality verify that the Dynamic Curving test is completed.

10;3 Pbst Test

TASK | . QA
NUMBER | ' PROCEDURE INITIAL

10.3.1. Perform Post Test Cal pér 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 . j . QA
NUMBER PROCEDURE INITIAL

11.1.1 This test is to be conducted on section 21 +00 to 26+ 00 of the PTT.

11.1.2 Reconfigure the 38" Instrumented Wheel Set by repeatin% Steps
2.1.1 through 2.1.22 moving the Instrumented Wheel Set from Axle

6 to Axle 7 and moving the Instrumented Wheel Set from Axle 2 to
Axle 3 as shown in Figure 11-1. ‘

) MI_C 36”’

1=

Figure 11-1 Yaw and Sway Instrumented Wheel Set Configuration

PKRG-9000 ON-TRACKTC ‘ 7
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11.2 On-track Test

TASK v . QA
NUM BER ‘ PROCEDURE ‘ INITIAL

11.2.1 Ensure appllcable perturbatlons have been verified.
1122 Ensure pre-test sign off sheet PKRG-7002 has been completed.

11.2.3 Ensure Instrumented Wheel Sets have been reconflgured as shown
in Figure 11 1 ‘

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 conducted at a constant speed of 20 mph
. + /- 1 mph and increasing in increments of 2 mph, +/- 1 mph untll
resonance is passed , then increase at S mph +/- 1 mph -

11.2.6 Begin test data acquisition approximately 200 ft. before reaching
the test section.

CAUTION

It shall be regarded as unsafe conditions
if the ratio of the total lateral forces on any one
side measured exceeds 0.6:for'a duration equivalent to 6 ft.
- or any axle sum L/V exceeds 1.3 for 50 millisecond.
‘ Stop the test’ when elther condltlon exists -

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 mph + /- 1 mph is
reached. Speed may be increased’in 1ncrements of 5 mph +/-1
mph when resonance is passed :

11.2.8 Quality s‘/erify‘ that the Yaw and Sway Test is completed.
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11.3 Post Test

TASK ' S - QA -
NUMBER PROCEDURE ‘ _ INITIAL

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 g o
If defects are found then record on PKRG-2200.

12.0 TEST CAR UNLOADING

TASK : QA

NUMBER S " PROCEDURE B ' lNlTlAL
12.0.1 Unload car per Procedure—8100 Trlplet Cars | |

12.0.2 Quality verify unloading.

13.0 TEST TEAR DOWN

TASK o e - QA
NUMBER . PROCEDURE - R INITIAL

13.0.1 The procedure for tear down of the EN SCO 38" Instrumented
Wheel Sets is located in PKRG 3300, Section 5.0 through 5.1.
Refer to this procedure and the appllcable section to complete test
tear down.

13.0.2 The pro‘cedure for tear‘dow,ﬁ of the IITRI 3'8" Instrumented Wheel
Sets 1s located in PKRG-3400, Section 6.0 through 6.1. Refer to
this procedure and the applicable section to complete test tear
down. ‘
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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 apphcable section to complete test tear down.

- 13.0.4 Carman perform car inspection PKRG-ZZOO. |

13.05 If requlred erform internal 1nspect10n of the MLC by removing
sectlon(s) of the roof.

14.0 QUALITYVERIFICATI.O'N -

TASK | ‘ QA
NUMBER | : . PROCEDURE INITIAL

14.0.1 Quality verified that Procedure PKRG 9000-TC On-track Test Phase II
Test Setup complete and closed. .

1402  Authorized QA signature

PKRG-9000 ON-TRACK TC
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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 prdcedure 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).

i1 INDEX | .
1.0. Description '
1.1 Index

12"  Equipment List
1.3 Figure List

14 Table List
1.5 - Reference List

2.0 On-track Test Phase II
21 Test Setlip

22 Instrumented Wheel Set Calibration Procg:dure
2.3 Accelerometer Calibration Procedure fdr all Accelerofhetér Channels

24 String Pot Calibration Procedure for all String Pots
25 Rate Gyro Calibration Procedure for all Rate Gyro

2.6 Strain Gaged Bending Beam Calibration Procedure for all Strain Gaged
Bending Beams

2.7 Inclinometer Calibration Procedure for all Inclinometers

3.0 Testing .
4.0 Quality Verification

PKRG-3900 ON-TRACK TC
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1.2 EQUIPMENT LIST
4 ea.

p

2 ea.
8 ea.
1ea.
lea.
1ea.
1 ea.

S @ ™o a0 o

4 ea.

—

8 ea.
4 ea.
22 ea.
4 ea. .

— e

3ea.
2 ea.
1 ea.
1 ea.
2 ea.
2 ea.
1 ea.
1ea.
1 ea.

£ 28~ n.o's o5y

1 eé.

1.3 FIGURE LIST

As needed

38" Instrumented Wheel Set Systems -
36" Instrumented Wheel Set Systems
Junction Boxes

Automatlc Location Detector

'Wheel Tachometer -
" IRIG-B Time Code Receiver
- IRIG-B Décodér

String Pot, + /- 1"range
String Pot, + /-'5" Tange -
String Pot + /- 10" range '
Aecelerometer +/- '5g range
Accelerometer +/ 15g range

* Accelerometer + /- 25g range

Rate Gyro +/-.8 degree range
Instrumented Crmpler, + /- 200 KIP range 7
Thermocouple, - 50 to + 100 degree Fahrenheit

Inclinometer, + /- 10-degree range
Strain Gage Bending Bar, + /- 1" range
HP 9000 model 360 Computer System
HP 6944 A Multi-programmer

Dot X 205 Rail Test Vehicle

Safety Equipment as required by TTC

Instrumented Coupler, + /- 1,000 KIP range

Figure 2-1 Test Vehicle Conflguratlon

14 TABLE LIST
None
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1.5 REFERENCE LIST

PKRG-2100
PKRG-2200
PKRG-3100
PKRG-3200
PKRG-3300
PKRG-3500
PKRG-3400
AAR/TTC
AAR/TTC
M1001

Truck Irispection Procedure

Car Inspection Procedure |

Instrumentation Installation Procedure

Instrumentation Verification Procedure ,
ENSCO 38" Instrumented Wheel Set Procedure —
IITRI 36" Instrumented Wheel Set Procedure

IITRI 38" Instrumented Wheel Set Procedure
Instrumentation SOP NO.024 9/89 o

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

TTC Operation Rules for the Transportation Test Center Pueblo
Colorado, AAR, November 1, 1989

Peacekeeper Rail Garrison Test Implementation Plan, (for approprl-

- ate test car), Chapter XI Testing

PKRG-3900 ON-TRACK TC 3



..NOTE

All personnel 1nvolved in the performance of thls
procedure or observmg the test(s) will comply w1th the TTC
S Safety Rule Book.

2.0 ON TRACK TESTING PHASE II TEST' SE"I‘U‘P‘ PROCEDURES

2.1 Test Setﬁp Procedlrres' 2

TASKNUMBER " 'PROCEDURE - QA INITIAL

2.1.1  Install instrumented wheel sets by following the mstrumented wheel
set procedures PKRG-3500, PKRG-3400 and PKRG-3300.

212 Couple test vehicle and locomotive to the Dot X 205 Rail Test
Vehicle as illustrated in Figure 2-1. Comply with TTC Operating
Rules.

MC e Buffer Cars As Required

I |

= = ~ " v
C=Ofc: Clala N o= Clo-C il C o= o= o=

=] R

Figure 2-1 Vehicle Conﬁguratlon

NOTE

Calibration procedures will be accomplished at the start
of each test day for all the following tasks.

PKRG-3900 ON-TRACK TC ..



22 Instruménted Wheel Set Calibration Procedure.

TASK NUMBER a PROCEDURE ‘ B QA INITIAL

2.2.1 Refer to procedure PKRG-3100 for completlng the Test
Configuration Data Sheet, Section 5 1 5. 8

222 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. o

2.2.3  Print checkout values and label Pre- test Instrumented Wheel Set
Zeros. '

224 | Print checkout values and label Pre- test Instrumented Wheel Set
' RCAL.

225 Quality verify wheel set calibration is complete.

2.3 Accelerometer Calibration Procedure for all Accelerometer Channels.

TASK NUMBER PROCEDURE | QA INITIAL

2.3.1 Refer to procedure PKRG-3100 for cornpleting the Test Configuration
Data Sheet, Section 5.1-5.8.

232 Refer to Test Measurement List for layout (18 sheets attached at end);

233 Install accelerometers in accordance with AAR/TTC Instrumenta-
tion SOP NO. 024 9/89 (attached at end)
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234
235

236
237
238
239
23.10
2311

23.12
23.13

23.14

2.3.15

for setup (Sectlons 8,9).

Refer to Instrum 2702 Signal Conditioner Setup Procedure

Momtor exmtatlon and adjust excitation to voltage speaﬁed in the 3
configuration data sheet to within +/--10mv. - ‘

Position the function knob to INPUT SHORT.

Adjust the DC offéet ofthe coudi;ioner to,zero +/-2 mV-. ,
Position the vfunctiou: knob to DATA ulode:.

Adjustz the balauce pot for Zero volts‘ +/-10 mv.
Place the function knob to the CAL mode position.
‘Verifyjcal output equlals the coufiguratiou data sheet.

: R
% wlad

Place all accelerometers in the DATA mode, prmt out values and label Pre-test
Accelerometer Zeros.

Place all accelerometers in the CAL mode prmt out values and label Pre test
Accelerometer RCAL’s.

Place all accelerometer channels back to the DATA mode.

Quality verify all accelerometer calibration has been eompletedﬁ

'PKRG-3900'ON-TRACK TC '~



2.4 String Pot-Calibration Procedure for_all_Stpigg Pots.

TASK NUMBER PROCEDURE QA INITIAL

24.1

242

243

244

24.5

2.4.6

24.7

248

24.9

2410

Qualify verify completion of string pot calibration.

Refer to procedure PKRG 3100 for completmg the Test
Conflguratlon Data Sheet, Section 5.1-5.8. ‘ o

Refer to Instrum 2702 Signal Condltloner Setup Procedure
for setup (Section 9). ‘

Monitor the excitation and adjust to +10.0 VDC +/-5mV.

With the function knob in the INPUT SHORT posmon 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 mV.

With all the string pot channels in the DATA mode, print out values and label
Pre-test String Pot Zero | ‘

Doadd s

Place all string pot channels in the‘ CAL mode, then print out the values and
label Pre-test String Pot RCAL’s.

Place all strihg pot channels back to the DATA mode.

" PKRG-3900 ON-TRACK TC



2.5 Rate Gyro Calibration Procedure for all Rate Gyros.

- TASK NUMBER PROCEDURE QA INITIAL

2.5:1

252

253

254

2.5.5

2.5.6

2.5.7
258

2.5.9
2.5.10

2.5.11

Refer to procedure PKRG 3100 for completing the Test
Configuration Data Sheet, Section 5.1- 5 8.

Mount gyros onto gyro rotation platform Mount gyro platform at
appropriate locatlons ,

Ensure 28 volt gyro rotation power is on.

Refer to Instrum 2702 Signal Conditioner Setup Procedure
for setup (Section 9).

Monitor the excitation voltage and adjust to +10.00 VDC + /- 10 mV.

With the function knob in the INPUT SHORT posmon adjust the DC offset of
the condmoner tozero +/-2mV.

Position the function knob to DATA mode.

‘ Adjust the balance pot for zero + /- 10 mV.

Wlth all the gyro channels in the DATA mode, print out values and label Pre-
test Gyro Zero. .

Place all the gyro channels in the CAL mode wait approxmlately one mmute
then print out the values and label Pre-test Gyro RCALs.

Place all gyro channels back to the DATA mode.
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25.12  Refer to AAR / TTC Rate Gyro Setup and Calibration Procedure and perform
necessary steps for the gyro integrator unit.

25.13  Quality verify that all gyro calibration has been completed.:

2.6 Strain Gaged Bending Beam Calibration Prooédoré for all Strain ‘
Gaged Bending Beams.

TASK NUMBER PROCEDURE .- = = QAINITIAL

2.6.1 Refer to procedure PKRG-3100 for completing the Test
Configuration Data Sheet, Section 5.1-5.8.

26.2 Mount all strain gaged bendmg beams in accordance with
AAR/TTC Instrurnentatlon SOP NO. 024 9 / 89

263 . Refer to Instrum 2702 Signal Condmoner Setup Procedure
- for setup (Section 6). o ’

2.6.4 - Monitor the excitation voltage and adjust to +10.00 +/- 10 mV.

2.6.5 With the function knob in the INPUT SHORT posmon adjust the DC offset of
the conditioner to zero +/-3 mV. ~

2.6.6 - Position the function knob'to DATA mode.
26.7  Adjust the balance pot _f‘orrzero volts +/-10mV.

2,68  With all the strain gaged bendlng beam channels in the DATA mode, print out
values and label Pre- test Stram Gaged Bendmg Beam Zero. o
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2.6.9 Place all the zstrain 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‘bendingv‘béam channels back to the DATA mode.
2611 | Quality verify all couplers and strain gages have been calibrated.

2.7 Inclinometér Calibration Procedure for all Inclihometers.

TASK NUMBER . ' . PROCEDURE "~ QAINITIAL

2.7.1 Refer to procedure PKRG-3100 for com leting the
Test Configuration Data Sheet, Section 5.1-5.8.

272 Mount all inclinometers.

273 Refer to Instrum 2702 Signal Conditioner Setup Procedure
for setup (Section 9).

274 Monitor the excitation‘vo‘ltage and adjust to +10.00 mV.:

275 ~ With the function knob in the INPUT SHORT position, adjust the DC offset of

- the conditioner to zero + /-2 mV.

/

27'7.6 ’,“( Position the function knob to DATA mode.

|
J

2.7.7 ;"  Adjust the balance pot for zero volts + /- 10 mV.

2.78  With all the inclinometers channels in the DATA mode, print out values and
label Pre-test Inclinometer Zero.

PKRG-3900 ON-TRACK TC
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279 Place all inclinometer channels in the CAL mode, then “printout\the values and

label Pre-test Inclinometer RCAL's.

2.7.10  Place all inclinometer channels back to the DATA mode.

27711  Quality verify inclinometer channels have been calibrated."

3.0- ON-TRACK TESTING PHASE II

TASK NUMBER PROCEDURE QA INITIAL
31 P¢rf6rm testing as required by individual vehicle test plan.

‘4.0 QUALITY VERIFICATION

TASK NUMBER ’ PROCEDURE QA INITIAL
4.1 Quality verify that PKRG-3900-TC is ¢omplcte and closed.

4.2 Authorized QA signature

PKRG-3900 ON-TRACK TC
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IL.

INSTURM 2702 SIGNAL CONDITIONER SETUP PROCEDURE

lNTRQDLJQI IQ X Thrs procedure is prov1ded asa supplement to

_the Manufacture Instruction Manual to-organize information

required in everyday use of the 2702 amplifiers. This procedure
should allow instrumentation personnel not familiar with this equip-
ment to setup and (zperate the hardware and make minor configura-
tion changes needed in norrnal operatlon

This signal cori‘ditiom'ng 'is‘very flexible and can be configured for
many types of transducers.

This signal conditioning provides these features:

Excitation-0 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

‘Balancing- Automatic and / or manual correction for input

imbalance
Input Wiring- Plug in confrguratlon cards for up to 10 wire 1nput
wiring.

Thrs document will concentrate on condrtlomng the most common
type transducer now in use and will not attempt to replace the

. instruction manual and its theory of operation.

YSTEM NFIGURATION

~ The Instrum 2702 system is composed ofa 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-3900 ON-TRACK TC
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IL

FRONT PANEL CONTR -
The amplifier controls and test pomts required for normal opera-
tion are allocated on the front panel except for the main frame -
ower switch and fuse on rear panel and output No, 2 filter switch
inside the amplifiers right side cover. -A brlef description of the
controls follows:
‘ .

1.___Gain Switch Located on bdttorh center of frdnt 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 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 15,30,120, or 360 hz. For internal forth:
order Bessel output filters. The fifth position is W.B. or wideband
which bypasses any output

filtering. -

4 Monitor This palf of test points monitors output 1 and

is used to set up 51gnal COIldlthl'leI'

5. Excitation Switch, ThlS lockmg toggle switch pr0v1des for '
selection of 0-10, 10-20, and 20-30 volts DC and is located at the top
of the front panel |

6.__Level Control ThlS screwdriver adjustment varies the excitation

over the range selected by the excitation switch and is phys1ca11y
located right under the ex01tat10n sw1tch

7___Ex Test Points These pin gacks monitor the exc1tat10n set by the
level control and are on the left side of the front panel near the
middle. ‘

8.__In Maonitor 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-3900 ON-TRACK TC
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IV.

V.

9___Xd Monitor Points The pin jacks monitor the transducer output
prior to any conditionin dg are located on the left side of the
model 2059 plug in mo ule.

10, ng 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, energizing calibration relays, selecting auto
balance function or normal ( data ) mode. Note an extra, non-
operational position exists 1n the clockmse dlrectlon

11, Bal/Bias Adjustment, This 10k potentlometer is used with R1

(user suf)phed ) 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 sta fge DC
offset when required. This ad]ustment is normally required aft
maintenance or repair.

13, . Zero RT ntro] This screwdriver adjustment is for control
of the amplifier final stage offset, if required, and is located on the
lower left front panel.

ER PPLIED P NENT
The model 2059 has provisions for soldermg 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, hlgh stability parts to assure long term stable
operation.

GENERAL OPERATING SEQUENCE

This section describes the normal procedures used for most mea-
surement setups. Specific transducers are dlscussed in the followmg
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
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3. Start data acquisition set-up form. .

4. Install transducer using proper mountmg techmque for desued
measurement. ,

S. Install transducer cable to propef amplifier input connectdr. '

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 cal1brat10n data, manufactures data or
test plan.

9. Place amplifier front panel control to short posmon and wh11e
monitoring output from front panel adjust RTO potentiometer to’
0.000+ /-.002 volts DC.

10. Set gain to fixed range determined from test reqmrements and
cahbratlon 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 gain and reset gain if good null obtained.

12. After autobalance is achieved, as indicated by steady green
LED, switch to data position and ver1fy satisfactory balance.
Bal/ bias adjustment will allow fine setting if required.

13. Switch to Cal position and record cahbratlon output voltage on
data acquisition form. .

14. Return front panel switch to data position.

PKRG-3900 ON-TRACK TC 15
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VIL

;,FULL BRIDGE MEASUREMENTS
To use the 2702 with 4 leg or. full bridge input transducers such as

strain gage circuits, install an Instrum type "H" configuration card in
the 2059 plug-in. Typical values for the plug-in and there
functions are listed below

R1 - 100k ohms - Balance Limit

R2 Short . Input filter .

C1 Open . Input filter

R3 Short e Input filter

R4  Open . Not Used

RS Open , Not Used

R6 100k ohms Auto Balance Limit
R7 Open ‘ Not Used

‘R8 - xxx.ohms .. Shunt Calibration

R9 Open | Not Used

The value of R8 to be determined from the transducer calibration
data or from the following equations: ‘

(-6)
Fo= _Rgx10 Where Rsh=R8=chms
‘ Kx(Rsh Rg) , Rg=Gage =ohms
) . o Es=Simulated strain
- K=Gage factor
L T . Eo= Br1dge volts output
Eo =E1_J;IKLES o ‘ | 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.

LINEAR VARIABLE DIFF ERENTIAL TRANSFORMER

(LVDT)
- The signal conditioners are set up to prov1de excitation isolation

and galn for DC powered LVDT's by installing a type "K" Instrum

PKRG-3%00 ON-TRACK TC )
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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 1nsta11ed components are hsted below: -

R1 10k ohms | Main Balance Spaﬁ .

R2R3 Short Input Filter

C1 Open Input Filter

R4 Open o Not Used

*RS Skohms - Balance Range

R6 . 10k ohms | Auto Balance Limit
R7 - 20k ohms Voltage Sub Divider
R8 1-20k ohms Voltage Sub.Divider
R9 Short. o ' ‘

* Should be:1 to 10k using 1owest value needed to obtam balance
~ span desired.
Voltage sub can be calculated using the followlng equation.

Vsub = R8x 10 -
R7+R8

VIII SETRA 141A ACCEILERC QMETERS

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 ( +/- 1g .
input), gain, filtering and shunt calibration. The nominal values of
user supplied components are as listed below for subject accelerom-

eters.

R1, R6 20-100k ohms © =~ Balance Limiting
RS 2k ohms . . Balance Span
R2,R3 Short "+ Input Filter

C1 Open . S ‘Input Filter

R8 100k ohms *see note

R9 1n4746A Over-voltage Protectlon

"NOTE 100k across cahbratlon lead w111 prov1de approxlmately 1
volt output. Actual voltage for each installed accelerometer should
" be accurately measured at the 1nput and also referring to the cali-

PKRG-3900 ON-TRACK TC
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IX.

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. After 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 0r.12 VDC.

POTENTIOMETER SERO ACCEL EROMETER AND VOLT-
AGE INPUT CONFIGURATION o

This configuration card (type "K") is the same used for the DC/DC
LVDTs (section VII) but uses slight changes to the plug-in card
components. The main difference in using it for voltage inputs is:to
eliminate 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  50-100k ohms .2+ Balance Range

R2,R3  Short .. == - InputFilter
C1 Open Input Filter
R4 - Open Input Attenuation
RS 1-10k ohm _ Balance Current
R7 - 10k minimum Voltage Substitution
PKRG:3900 ON-TRACK TC ¢ ‘ 18
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RS 1 10kohm - .. Volt Sub Divider -
R9 - Short ‘ - Input Attenuation

*Use lowest value needed to obtain desired balance span.

Voltage substitution (Vsub) can be calculated using-the formula:

Vsub = R8x 10
R7+R8

AMPLIFIER ZERO AND INITIAL SETUP
This section defines checking and adjusting the amplifier
zZero:

1. Set front panel control to short position ‘

2. Set gain to 1000 (fixed) and note output No 1 Voltage
3. Switch to gam =1 and note output.

4. Ad]ust RTI control so that step 2 output = step 3 output
S. Repeat steps 2,3 and 4 unnl output is constant.

6. Adjust output with RTO control for 0.000 + / 1 mv Dec.

7. If second output is being used and a offset is noted refer to
instruction manual for bench instruction procedure.

©  PKRG-3900 ON-TRACK TC
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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 -
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PEACEKEEPER RAIL GARRISON
PROCEDURE PKRG-3500
INSTALLATION, CALIBRATION AND OPERATION
OF IITRI 36 INCH INSTRUMENTED WHEEL SETS



1.0

1.1

PEACEKEEPER RAIL GARRISON
PROCEDURE PKRG-3500
INSTALLATION, CALIBRATION AND OPERATION
- OF IITRI 36 INCH INSTRUMENTED WHEEL SETS

DESCRIPTION

The purpose of this procedure is to outline the sequence of steps to be taken for the
installation, calibration and‘ operation_ of ;thg IITRI 36-Inch Instrumented Wheel Sets.

INDEX
1.0. Description -
1.1  Index

1.2 Equipment List

1.3 Figure List

14  Table List

1.5  Reference Documentation
20 Installation of Equipment

2.1  Installation of Instrumented Wheel Sets
2.2 Installation of Slip Rings

23  Vehicle Coupling

24  Installation of Junction Boxes -
25 Interconnection of the System
3.0 Calibration of Wheel Set

4.0  Daily Operations

4.1  Signal Conditioning Verification
50  Wheel Analyzer Operation

5.1  Start-up '

52  Wheel Analyzer Calibration

53  Wheel Signal Processing

6.0  Testing

7.0  Tear Down

8.0  Quality Verification

PKRG-3500
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1.2 EQUIPMENT LIST

a.

-
.

S@® ™o o ne o

. 4ea. ..
4 ea.
8 ea.
8 ea.
4 ea.
1ea.
4 ea.
4 ea.

4 ea.

. IITRI 36-inch Instrumented Wheel Sets
Junction Boxes with 13 Ecton Signal Conditioners

- 25-foot Wheel Set to Junction Box Cables »
Slip Rings with Vibration Gaskets
Input Patch Panels o
Calibration Panel and Power Supply.
Wheel Set Processor Units

. Operational Control Panel
Keyboard Drawer Units

1.3 FIGURE LIST
Figure 2-1

Figure 2-2

1.4 TABLE LIST

None

Block Diagram of Instrumented Wheel Set System

Commumcat10n Cable Connectlons (Typlcal for each
~ Wheel Set) ' _ ‘

Ie

1.5 REFERENCE LIST

Instrumented railroad wheel/axle systems design, operatlon and calibration
- report. IITRI project E06607. :

- Instrumented railroad wheel/axle system wheel analyzer description, opera-
tion and software report. IITRI project E06607

ECTRON Operatlons Manual
"M1001

264

Manual Of Standards and Recommend Practlces C
Part II, Volume I, Chapter XI

- TTC Operation Rules for the Transportatlon Test

Center, Pueblo, Colorado AAR, November 1, 1989 -

~ Peacekeeper Rail Garrison Test Implementanon Plan,
* (for appropriate test car), Chapter XI testmg

PKRG-3500



" NOTE

All personnel involved in the performance of this procedure or observmg the test(s) will -
comply with the TTC Safety Rule Book

2.0 INSTALLATION OF EQUIPMENT

2.1 Installation of Instrumented Wheel Sets

TASK NUMBER | © PROCEDURE "~ QAINITIAL

2.1.1 Refer to the Test Measurement List (PKRG-7000) and deterrmne the
placement of the instrumented wheel sets. -

2.1.2 Remove the trucks contamlng the wheel sets to be swapped from the test
vehicle. _

2.1.3  Swap the original wheel sets with the instrumented wheel sets using
standard bearing adapters Refer to Frgure 2-1 in the PKRG-7000- FC
Procedure. ‘

NOTE

For convention, the A-end of the wheel set should be.
placed on the left side of the vehicle. Left is defined
whlle standing on the ground facing the B-end of the vehicle.

2.14 Replace the trucks back underneath the test vehicle, but DO NOT CON-
NECT THE BRAKE RIGGING. Tie up the brake rigging to ensure itis
not rubbmg on the axles. This. could cause damage to the torque circuits.

2.1.5 Quality verify installation of wheel sets is completed.

PKRG-3500



2.2 Installation of Slip Rings

TASK NUMBER ... PROCEDURE | QA INITIALC"

221 Each wheel of the 1nstrumented wheel set prov1des for the attachment of
a shp r1ng to a spec1a11y machlned end cap ,

222 Carefully pull the connéctor out of the wheel a few inches.
223 Slip a rubber vibrat‘ioh gasket over the cable.
2.24  Attach the wheel connector:to the slip ring:” i~ e

2.25 Using the 6-32 cap screws with machined throats, attach the slip ring and
~vibration gasket to the wheel set. The cap screws should be snugged up,
and then another one-half turn apphed This puts even pressure on the
v1brat10n gasket.

2.2.6  Using steel wire, place the wiré: throu h the heads of the cap screws ,
~* forrming a ring around the shp rmg P1g tall the two ends of the wue :
together usmg phers e

227 Quality \terify instauation of slip rings is complete.

PKRG-3500



2.3 Vehicle Coupling

TASK NUMBER . PROCEDURE : QA INITIAL

23.1 Couple test vehiclé, buffer car, and locomotive to the Dot X 205 Rail
Test Vehicle as illustrated in Figure 2-2 PKRG-7000. Comply with TTC
operating rules.

2.4 Installation of Junction Boxes

TASK NUMBER | - PROCEDURE  QAINITIAL

- 24.1 The junction boxes can be mounted at any 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 in a
dlrecuon for easy access. ‘

..

2.5 Intercohnection of the System

TASK NUMBER - - PROCEDURE ‘ QA INITIAL

25.1 Refer to Figure 2-1 Block Diagram of Instrumented Wheel Set System,
“and Figure 2-2 Communication Cable Array, to complete connection of
appropnate cable arrays.

PKRG-3500
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~JmBOX, . RAW SIGNALS .. INTERFACE + | | WHEEL
AMPLIFIERS ‘ CAL PEL ANALYZER # ]_

WHEELSCTS

L PROCESSED SIGNALS '

o

RAW SIGNALS
o [oemx | || . RAW SIGNALS .| TNTERFACE L VHEEL
WHEELSCTS Q‘HPLIF‘IERS — - caL :AN;‘LA ! ANALVZFE
I At o N S ] . PROCESSED SIGNALS
L ’ ’ RAW SIGNALS
Lo INTERFACE WHEEL :
. . RAW. SIGNALS. ., " cal PANEL ' ANALYZER # 3 -
J-BOX
VHELSETS | AMPLIFIERS PROCESSED SIGNALS
z [ ' ' ' RAW SIGNALS
. N R N .| - wrerFacE R '
B O e T i T RN warzen | T 4
Wi L. .
AMPLIFIERS B . ' - i
1 PROCESSED SIGNALS
t CAL PANEL R RAW SIGNALS
28 VDC POWER

‘ *‘,Fi-gure'2£1* Block eDiagrahi"of Instrumented Wh‘eél Set

.13 BNC

- INPUT CONNECTIDNS
: ‘ TEE'D TO DAS .
BENDIX JTO6RE-14-37% K - TRE hs ‘ —
‘ ’ ) WHEEL
SLI C]INTERIOR -
RIN o - <1 -
‘ . — ANALYZER
BENDIX JTO6RE-14-3737P R/ M ca
H
| B-SIDE B i, ] PANEL 1.
WH ET . . PROCESSED
EELS SIGNALS
. 0 DAS
A-SIDE . *EBV_
: i POWER
61 PIN TRUNK CABLE
! } COMMON TO
: : CAL ALL WHEELSETS
18 PIN FANDUT CABLE " PANEL ‘

Figure 2-2 Communication Cable Connections (Typical for each Wheel Set)
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25.2

253

254

Slip Ring Transmission Cables: :

Two slip ring transmission cables-are supplied w1th each wheel set The
cable is use(f to connect the slip rings to- t%e Junctlon J-box which, in turn,
is connected to the data acquisition and processing system. The cable is
Belden Type 9544 with a slip Bendix Type JTO6RE-14-375 connector at
one end, which mates to the slip ring receptacle; and a' Bendix Type :
JTO6RE-14-37P at the other end, which mates with the J-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 service
loops are provided between the trucks, span bolster and car body.

Systems Connections:

Figure 2-2 shows the cable connections from the wheel sets to the J-boxes
and on to the 1n51de of the test car to the processor and calibration panel.

Signal Condltloner Setup:

When initially setting up the signal cond1t1oners all we1ght 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 the ECTRON
amplifier, Section 1.5.3, for operation of the signal conditioners. Ensure
the setup of the amphfler is as follows: '

BRIDGE SHUNT EXCITATION GAIN
CIRCUIT = RESISTOR  VOLTAGE SETTING
Vertical 681k ohms 25.00v+ /- 10mV 1K Fixed
Lateral 118K ohms  2000v+/-10mV 200 Fixed
Position 82Sk ohms = 20.00v+/-10mV 1K Fixed .
Torque ‘ 10.00V +/- 10mV 1K Fixed

442k ohms

PKRG-3500
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3.0 CALIBRATION OF WHEEL SETS

TASK NUMBER - " PROCEDURE | - QAINITIAL

3.1 . With the wheel sets lifted, balance the a 11f1ers to zero +/ 10 mV.
~ Place the selector switch in the + CAL ang CAL positions. The
expected outputs listed below are approximate- and can be used for a
system check. , ‘ oo

‘ BRIDGE,CIRCUIT L SHUNT CAL
- L . . VOLTAGE -
Vertical +1.985
- Lateral _ +7.651
- Position ‘ "+1.095

- Torque o +2.980

3.12  After calibration is complete at the remote J-box, place the CAL selector
- switch of the amplifiers in the REMOTE position.

3.13 Usmg the cal panel inside the test vehicle, place the CAL switch in the
gosmon 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.

3.14 Place the CAL switch in the OFF position."

3.1.5  After all calibrations have been verified inside the car, close and secure
the amplifier and J-box covers.

3.1.6 Calibration of the system is performed durlng daily operatlon therefore, :
no special system calibration is necessary durmg installation.

3.1.7 Quality verify calibration of wheel set system.”

PKRG-3500
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4.0 DAILY OPERATIONS |

4.1 Slgnal Condltlomng Verlﬁcatlon '

TASKNUMBER PROCEDURE i‘ " QAINITIAL

4.1.1 While monitoring the wheel sets raw channels on the Data AchISltIOIl '
Terminal, place the CAL switch to the ON position. Toggle the + and -
switch on the cal panel back and forth. The voltage difference between
+ and - cals should be approximately the same as in Section'3.1.

4.12  Quality verify signal conditioning setup is complete.

5.0 WHEEL ANALYZER OPERATION

5.1 Start-Up

TASK NUMBER '~ - PROCEDURE QA INITIAL

5.1.1 Daily start-up of the wheel analyzer system consists of 1nsert1ng 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- gased 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 depressing any key on the keyboard.

5.12  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

PKRG-3500
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5.13

5.14

5.1.5

5.1.6

26

Q

have no function and the computer will respond with a BEEP; further--
more the correct program must be loaded, otherwise the wheel analyz-
er’s output data wll 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 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 to be re-inserted if the computer is to be rebooted. The second
message confirms which wheel program was loaded

Frorn this pomt on, the computer is running the selected wheel analyzer
program. As descrlbed 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 is no longer needed and can be stored in its
drawer.

~.

‘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 blanking grogram 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 deeressed the monitor will turn on and the 3

minute time out counter will be reinitiated. It is suggested that should it
be necessary to determine if the wheel analyzer program is running, that
either the CTRL key or the current analyzer’s mode push button be
depressed. While instigating either of these actions, monitor for any
status messages

Once the wheel analyzer program is runmng, it continues executmg until
either the computer is rebooted or a program software error is encoun-

PKRG-3500
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tered. Rebooting the computer is performed via the computer’s front
panel RESET push button or by depressing the CTRL and ALT and
DEL keys simultaneously on the computer’s keyboard. Rebooting the
computer requires the floppy disk to ge 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 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 accomplished by
typing the command IITRI followed by the RETURN key on the key-
board. : :

5.1.8  Quality verify wheel analyzer is completed.

5.2 'Wheel Analyzer Calibration

TASK NUMBER  PROCEDURE o QA INITIAL

52.1 Inorder to ensure the wheel analyzer contains the necessary calibrations -
for each channel, the control panel is used to select the desired analyzer
mode. - '

522 Calibration should be performed after&erifying calibration level as out-
lined in Section 4.1.1. The test vehicle should be stopped on level
tangent track. - ' - .

: 523 Verify the CAL switch on the cal panel is in the OFF position.

5.24 Press the ZERO switch on the control panel for two seconds, and
release. T

PKRG-3500 °
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525

5.2.6

527
5.2.8

529

Place the CAL switch on the cal panel in the ON position and the + and
- switch in the + posmon

o

Press the CAL sw1tch on the approprlate control panel for two seconds
andrelease - e

Perform Steps 523 through526for each wheel set.

Verify the CAL switch on the ca_l':‘p‘anelsis in the OFF position.

Quality verify wheel analyzer calibration is complete.

5.3 Wheél'S‘igh‘aﬂing Pr(‘)‘:ceSSii\g""*% Cee e

TASK NUMBER PROCEDURE QA INITIAL

5.3.1
532

533

To place the wheel analyzer mode into operation from HOLD mode,
begin train operations.

When the speed reaches apprommately 10 mph press the RUN LOW
sw1tch This begins calculation of a running zero.

After approximately 15 seconds, press the RUN HIGH switch. The

. analyzer will now be ready to perform testing.

~ PKRG-3500
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o i . -

NOTE’ [

The analyzer can be used to collect data in the
RUN LOW mode, but must be placed in the HOLD mode
. while stopped or math errors will occur, and the program
‘ will stop. If this occurs, the calibration procedures -

in Section 5.2 must again be performed. Also,an-
occasional D/A error may occur when swnchmg to
RUN LOW or RUN HIGH, this is normal and
. Mo action‘is requlred ,

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. -

60 TESTING

TASK NUMBER ) PROCEDURE QA INITIAL

6.1  Perform testing as reqﬁirﬂed be the'_izéf;iéle ‘;_tefsjc}i)rocedure;

7.0 TEAR DOWN

TASK NUMBER -~ PROCEDURE QA INITIAL

7.1.1 Remove power from all conditioners and wheel analyzers.

- 7.1.2 Remove all cables and J-boxes from the test vehicle.

PKRG-3500
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7.1.3

7.14

7.1.5

7.1.6

Clip the wire securing the slip ring cap screws and carefully remove the
slip rings dv removing the cap screws, and pulling the assembly out a few
inches, and finally disconnecting the shp-rmg from the wheel connector.
Be sure to remove and save the rubber vibration gaskets.

Replace the mstrumented wheel sets wuh the original set by removing
the trucks.

Replace the trucks and ensure all brake'rlggmg is‘connected and operat-
ing properly : > )

Pack and store all wheel sets, J- Boxes shp rmgs cables, and support
hardware.

8.0 QUALITY ACCEPTANCE

TASK NUMBER PROCEDURE QA INITIAL

8.1

8.2

Quality verified that PKRG-3500 is complete and closed.

Authorized QA signature

PKRG-3500
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PEACEKEEPER RAIL GARRISON
PROCEDURE PKRG-3400

INSTALLATION CALIBRATION, AND OPERATION
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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, calibration, and operatlon of the IITRI 38-Inch
Instrumented Wheel Sets

- 1.1 INDEX
1.0.

1.1
12
13
1.4
15
1.6
2.0
22
2.3
2.4
3.0
4.0

Description

Index

Equipment List

Figure List

Table List

Reference Documentation

Installati;>n‘ of Equipment

Installation of Instrumented Wheel Sets
Installation of Slip Rings |
Installation of Junction Boxes
Interconnection of the System
Calibration of Wheel Set System

Operation During Test

PKRG-3400



5.0 Wheel Analyzer Operation
6.0~ Test Tear Down-" -7+
7.0 Quality Verification

12 EQUIPMENTLIST i st 0

a. 2ea. IITRI 38 Inch Instrumented Wheel Sets
b 2ea | Junctlon Boxes -

c.  4ea 25-Foot Wheel ISe.t to J-Box Cables
d. “ dea. | | Slip Rings with \}iiaséfieh.Gaskets |

e. 2ea. - Input Patch Panels

f. 26 ea. Dynaxmc Slgnal COIldlthIleI‘S |

1ea. | Tektromxs Rack W1th Cahbratlon Panel a.nd Power Supply.

2 ea. -~ Wheel Set Processor Units
1. 2 ea. Operational Control Panel
j 2ea. Keyboard Drawer Units

1.3 FIGURE LIST o
Figure 2-1 Block Diagram of Instrumented Wheel Set System
Figure 2-2 Communication Cable Array

1.4 TABLE LIST
NONE

PKRG-3400
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1.5 REFERENCE LIST ‘
Instrumented Railroad Wheel/Axle Systems De51gn, Operatlon and Callbratlon
Report. IITRI project E06607 |

Instrumented Railroad Wheel/Axle System, Wheel Analyzer Descnptlon Opera-
tion and Software Report. IITRI pl'Q]eCt E06607 ‘

Waugh Controls Corporatioh, Dynarmcs Electromcs D1v151on Operations Instruc-
tions for Umversal Amplifier Model 7600A

M1001 Manual Of Standards and Recommended Practlces C Part 11, Volume I,
Chapter XI : ; _ |

TTC Operation Rules for the: Transportatlon Test Center, Pueblo, Col-
orado, AAR, November 1, 1989

Peacekeeper Rail Ga.rnson Test Implementatlon Plan (for appropriate
test car), Chapter XI Testlng |

PKRG-3400



N NOTE

o

All personnel mvolved in'the Ferformance of this procedure or .
observmg the test(s) will comply with the TTC Safety Rule Book.

2.0 INSTALLATION OF EQUIPMENT

2.1 Installation of Instrumented Wheel Sets

TASK NUMBER . " PROCEDURE : ' QA INI'I-‘IAL R

2.1.1

: 2.1.2

Refer to the test measurement lists located in PKRG- 3700 and deterrnme the
placemcnt of the 1nstrumented wheel sets '

- Remove the trucks containing the wheel sets to be swz_lpbed from the test vehicle. -

pme

i, NOTE -

o

Swap the original wheel sets with the instrumented
wheel sets using the MLC bearing adapters.

NOTE 7
| For conventlon, the A-end of the wheel set should be placed

" on the left side of the vehicle, Left.is defined while standing
on the ground at the B-end of looking towards the A-end of the vehicle.

PKRG-3400
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213 Replace the trucks back underneath the test vehlcle but DO NOT CONNECT
THE BRAKE RIGGING. Tie up the brake rigging to ensure it is not rubbmg on
the axles. This could cause damage to the torque circuits.

2.14  Quality verify installation of wheel sets is completed.

2.2 Installation of Slip Rings

TASK NUMBER ‘ . PROCEDURE QA INITIAL

221 Each wheel of fﬁe’instnimehted wheel set provides for the attachment of a slip
ring to a specially machined end cap.

222  Carefully pull the connector out of the wheel a few inches.
223 Slip a rubber vibration gasket over the cable.
224  Attach the wheel connector to the slip ring.

225 Using the 6-32 cap screws with machined throats, attach the slip ring and vibra-
‘ tion ﬁasket to the wheel set. The cap screws should be snugged up, and then
another one-half turn apphed ThlS puts even pressure on the vibration gasket.

226 Using steel wire lplace the wire through the heads of the cap screws forming a
ring around the sli rmg Pig tail the two ends of the wire together using phers

227  Quality verify installation of the slip rings is complete.

PKRG-3400
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228 Couple test vehlcle and locomotlve:to ‘the Dot X 205 Rail Test Vehicle
as illustrated in Frgure 2-1, PKRG 3700 Comply with TTC Operating -
Rules

2.3 Installation of Junctio\n"Boxesl

TASK NUMBER S PROCEDURE" QA INITIAL

23.1 The jlll'lCthIl boxes J -boxes) can be mounted at any appropriate locatlon, but
must be within 25 feet of the wheels to accommodate the interconnecting cable.
The J-box should be mounted with the connectors pomtmg down to avoid any
water entry. ‘

2.4 Interconnection of the System

TASK NUMBER e .-f‘P'iiOCEDtJRE‘ s _ QAINITIAL

24.1 Refer to Figure 2-1 Block Diagram of Instrumented Wheel Set System,
and Flgure 2-2 Comrnumcatlon Cable Array ‘

Slip Rings—iv )
// Wheelse:-\‘-\l o

YRR

47 ! Stroin. Ga gc
Signa! Cond.

o Equpmlnt. :

. powe RU‘PP’Y

| omplifiers S

© ' ealib. resistors |

Plotter Recorder

Fignre'z-l Block Diagram of Instrumented Wheel Set System

“PKRG-3400
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24.2

. JTO2RE-14-378- '

: . ! N 11 Slip Ring Transmission
< -J Box - =7 Box g7 . Cable inpuis
wS=18' 0 ws=17 ] ‘ '
MS 3122£22-55P -
{ ] { ] { J Box Mounting Recepacle

E—_l L_J [_‘__] MS 3126£22-555
- _ - Straight Plug

180 18A 17 17A !

. WS 3126E22-35P,
.~ Straight Plug- T

MS 3121£22-555
Line Receptacle
(Cd)lg Connecting Plug)

MS 3126E22-55
Straight Plug

T MS 3121E22-555
- Line Receptacie .
. (Cable Connecting Plug)

MS J126E22-55P
Straight Plug

* MS J121E22-555
Line Receptacile
_ (Cable Connecting Pilug)

oS ‘3126E22-55F
Stroight Plug

MS 3120E22-555
Wall Mouniing Receptacle

»Fdnel
30 Ft to Terminal Board

Figure 2-2 Commumcatlon Cable Array

Slip Ring Transmission Cables

Two slip ring transmission cables are supplied with each wheel set. The
cable is used to connect the slip rings to the J-box, which in turn, is
connected to the data acquisition and processing system. The cable is |
Belden Type 9544 with a slip Bendix Type JTO6RE-14-375 connector at
one end, which mates to the slip ring receptacle, and a Bendix Type
JTO6RE-14-37P at the other end, 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
10-f,oo:1 service loops are provided between the trucks, span bolster and
car body. S : :

© PKRG-3400



243 Systems Connections

Figure 2-2 shows the cable connectlon array. Three cable configuratlons ‘

are shown: o
nfiguration Length(ft) - =~ .. Connectors |
A 50 MS3126E22-55S MS3121E22-55P
‘ Straight Plug Straight Plug
B. 50  °  MS3121E22-55S = MS3126E22-55P
. Cable Connecting Plug  Straight Plug
C. 30 - MS3120E22-558 Open End
, Wall Mounting -
Receptacle

Startmg at the J-box connect the socket of the A cable. Contmue 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 cabling to accommodate curving.

24.4 ‘Rack Comiections

Connect the atch bay, signal COI'ldlthIlel'S control panel and the wheel set pro-
cessor according to the design, operation. and callbratlon report Reference 1.5.1.

245 . Quaiity verify interconnection of the system is completed.

PKRG-3400



3.0 CALIBRATION OF WHEEL SET SYSTEM

" TASK NUMBER " PROCEDURE ~ QAINITIAL

3.0.1 A Shunt calibration check should be performed to ensure all wheél set channels
- are operating properly. The shunt calibration resistors, excitation voltages, and
- gain settmgs are as follows ‘

BRIDGE SHUNT . EXCITATION ' GAIN

. CIRCUIT . RESISTQR VOLTAGE: SETTING
Verticl - 1000kohms  25.00v+/-10MV 1K Fixed
Latéral - 511K ohms 20.00v+ /- ‘iOMV lK Fixed

: Position 787k ohrns .20 00v+/ 10MV 1K Fixed
>Torque it ‘549k ohms S “10 00V+/ 10MV 1K Fixed

3.02 ' 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 hsted below are approximate
and can be used for a system check.

BRIDGE CIRCUIT SHUNT CAL VOLTAGE

Vertical +/ 225V
Lateral | +/237V

- Position - - T 4+ /154V
Torque e R 161

3.03  Calibration of the system is performed during daily operation; therefore, no
special system calibration is necessary during installation.

3.04 Quality verify calibration of wheel set system.

. PKRG-3400

<83 o



4.0 DAILY OPERATIONS

4.1 Signal Conditioning Setup

TASK NUMBER - PROCEDURE : QA;INITIAL

4.1.1

4.1.2

4.13

4.14

4.1.5.

Quality verify signal conditioning setup is complete

Using a voltmeter, momtor the. excnatlon voltages of all COIldlthIleI‘S and set |

according to Section 3.11.-

Balance the circuits while monitoring the output and perform a shunt cahbratlon ‘
check on all channels as outlined in Section 3.1.2. ,

i g,
SN

The bridge balancmg in Step 3.1.2 may. offset the true zero of the bndge respec-
tive to the midpoint of the’ amphfler operation ran%e and may cause clipping of
high dynamic signals. This is particularly true for the vertical bridges because the
test vehicle may be parked at a 1;l)eak bnd%e output position when the bridges are
balanced. In order to prevent-the possibility of clipping dunnF operation, adjust
the balance of the conditioners while running on tangent level track between'5 -
and 20 mph, such that the balance LED indicators flash symmetrlcally between
red and green

A check can be performed by momtormg the output with an oscilloscope to
ensure the signals are symmetrical around Zero. o !

PKRG-3400 10



5.0 WHEEL ANALYZER OPERATION

- 512

513

‘5.1 Start Up
TASK NUMBER PROCEDURE : QA INITIAL
511  Daily sfart 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 applying AC

‘power to the computer system. The computer system will then execute its

internal 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 monitor. Once the

floppy disk is inserted in the disk drive, the loading can continue by depressing
any key on the keyboard. o :

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-17 or WS-18. 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-18 on the computer’s keyboard. Note: Depressinﬁlany 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. ‘ o

. Upon selecting the desired wheel analyzer ll()rogram , 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. 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 to be re-inserted if the computer is-to be re-booted. The second mes-
sage confirms which wheel program was loaded. :

PKRG-3400 11
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5.14

- 5.15

5.1.6

5.1.7

5.1.8

From this point on, the computer is running the selected wheel analyzer. "rogra'in
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 and can be stored in its drawer.

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 pur-
g_ose of this feature is to prevent unages left on the screen from extended periods,

om being "burned” into the screen’s "CRT", The screen blanking program runs
simultaneously along with the wheel analyzer program with ne lrgrb)le perform-
ance degradation. The screen will "blank" after 3 minutes of erther no keystrokes
or writing to the screen by the wheel analyzer Erogram 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 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 "CTRL" 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 the CTRL, ALT, and DEL keys simultaneously on the
computer’s keyboard. Re-booting the computer requires the floppy disk to be
reinserted into the disk dnve

Should the program encounter a software error, the wheel analyzer program will
stop executing, and error message will be written to the screen. This error mes-

. sage should be copied for diagnosis. A messai e will also appear on the screen |
e

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 accom-
lis gd by typing the command II"TRI followed by the RETURN key on the key-
oar

Quality v\erify wheel analyzer is completed.

PKRG-3400 12



. 5.2 Wheel Analyzer Calibration

TASK NUMBER o PROCEDURE | QA INITIAL

5.2.1

523

524

525

5.2.6

527

Quality verify wheel analyzer calibration is "c’:dmplete_.

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.

~ Calibration should be ﬁerforrried after running on tangent track at low speed and

all dynamic balancing has been performed as outlined in Sections 4.1.4 to 4.1.5.
The test vehicle should be stopped on level tangent track.

Ty

'Press the ZERO switch on the control panel" for two sect)nds, and release.

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.

Release the 17 or 18 CAL switch on the tektronix panel.

Perform Steps 5.1.3 through 5.1.5 for each wheel set.

PKRG-3400 . ) ‘ 13
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5.3 Wheel Signal Processing

TASK NUMBER' S : PROCEDURE o QA INITIAL

5.3.1

532

533

534

5.35

To place the wheel analyzer mode into operation £rorn HOLD mode begin train
operauons

When the speed reaches approximately 5 mph, press the RUN LOW sw1tch ThlS

‘ beglns calculation of a running zero.

After appreximately 15 seconds, press the RUN HIGH switch. The analyzer will

now be ready to perform testing.

N OTE

The analyzer can be used to collect data in the
" RUN LOW mode, but must be placed in the HOLD mode
while stopped or else math errors will occur, and the -
- program will stop: If this occurs, 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.

Occasmnally, 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 per-
formed once per hour for the first few hours of operation, and then every two to
three hours after that.

The system may be shut down at any time without damage to equ1pment 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.

PKRG-3400 14



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.

6.0 TEST TEAR DOWN

TASK NUMBER PROCEDURE--' - QA INITIAL

6.1

6.2

6:2.1

622

1 6.2.3

Perform calibration operauon as outlined in Sectlon 3.0. Label data as Post Test

-Calibration.

Remove all cables and J-boxes from the test vehicle.

Clip the wire securmg the slip ri l%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 sl1p ring from the wheel connector. Be sure to remove
and save the rubber vibration gasket. ‘

Replace the mstrurnented wheel sets with the original set by removing the .
- trucks. . ;

, Réplace the trucks and ensure all brake rigging is connected and operating pro-

perly. Ensure original MLC bearing adaptors and texpad are placed back 1nto

. SCl'VlCC

PKRG-3400 ‘ 15
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- NOTE
Operations to perform as in the AAR Car Mariual

6.2.4 Pack and store all wheel sets, J-Boxes, slip rings, cables, and support hardware.

7.0 QUALITY VERIFICATION

TASK NUMBER i PROCEDURE QA INITIAL

7.1 Quality verified that PKRG-3400 is complete and closed.

7.2 Authorized QA signature

PKRG-3400
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'PEACEKEEPER RAIL GARRISON
PROCEDURE PKRG-3300
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1.0

1.1

" PEACEKEEPER RAIL GARRISON
PROCEDURE PKRG-3300

INSTALLATION, CALIBRATION AND OPERATION OF.

ENSCO 38-INCH INSTRUMENTED WHEEL SETS

DESCRIPTION

This procedlire outlines the sequence of steps to be taken for the installation, calibra-

tion and operation of the ENSCO 38-inch Instrumented Wheel Sets.

INDEX
1.0
1.1
12
13
1.4
15
1.6
2.0
2.1
22
23
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 The System

System Calibration

Shunt Calibration

Daily Operations

Signal Conditioning Calibration

Test Tear-Down

Test Equipment Removal And Original Equipment Reinstallation
Quality. Verification '
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1.2 EQUIPMENT LIST

a. 2ea. 38" Instrumented. Wheel Sets -
b. Zea. ENSCO Signal Conditioning Units. .-~ -
c. 2ea,  ENSCO Wheel Set Processor Units -
d. ~ 2ea. Keyboard Drawer Umts
€. dea. 'Interface Panels
f. 4ea. . Slip R1ngs

lea. Dlgltal Volt Meter
4ea. ~ Machined Bearing Adaptors

I. 4ea. . Protection Housings
i 2ea. - - Magnet Rings o
k. - All 'Safety Equipment As Required
1.3 FIGURE LIST ‘ : .
Figure 2-1. System Cabling (slip rings)

Figure 2-2 System Cabling

1.4 TABLE LIST

Table 3-1 Excitation Setup Table, Blank Table, Axle 1
Table 3-2 Excitation Setup Table, Blank Table Axle 2
Table 3-3 Gain Calibration Blank Table, Axle 1

Table 3-4 Gain Calibration Blank Table, Axle 2

Table 4-1 Excitation Setup Table 250-foot Cable, Axle 1
Table 4-2 Excitation Setup Table 250-foot Cable, Axle 2
Table 4-3 Gain Calibration 250-foot Cable, Axle 1 |
Table 4-4 Gain Calibration 250-foot Cable, Axle 2

20 2 -
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1.5 REFERENCE LIST
PRKG 2100.... Truck Inspection Procedure -

PKRG 3100.... - Instrument Installatlon Procedure

M1001........ Manual of Standards and Recommended Practices,
SCCUOII C, Part I1, Volume I, Chapter XI

- TTC Operatlon Rules for the Test Transportatlon Test Center,
- Pueblo, Colorado, AAR, November 1, 1989.

| Peacekeeper Ra11 Garrison Test Implementatlon Plan, (for
approprrate test car), Chapter X1 testmg

ENSCO. Operatlng Manual
'ITC Safety Rule Book - -

1.6 REFERENCE DOCUMENTATION
NONE
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NOTE SRS A
All personnel involved in the Ferformance of th1s procedure or
observing the test(s) will comp w1th the TTC Safety Rule Book.

2.0 INSTALLATION OF EQUIPMENT

2.1 Installation Of Instrumented Wh”e_.e‘l'fSets

QA

PROCEDURE PKRG-3300

NUMBER o - . " PROCEDURE ~~ .. INITIAL

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 contammg the wheel sets to be replaced from the
test vehicle. |

2.1.3  Replace the or1g1nal wheel sets with the Instrumented wheel sets usmg .
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 with the same wheel set in which it is labeled (wheel
set 1 or 2). The B-end bearmg adaptors are 1nterchangeable _

2.14  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 facmg the B-end -~
of the vehicle.

2.1.5  Place the trucks uhderneath the test vehicle, but DO NOT connect the
brake rigging. Remove the brake rigging up to ensure that it is not
rubbing on the axles (this could cause damage to the strain gage ‘
circuits% .

205



2.2 Installation Of Slip Rings and Housings

TASK

- NUMBER

oLy o ‘ QA
PROCEDURE ‘ . [INITIAL

22.1

222 .

There are two slip rings used with each axle of the Wheel/Rail Force
Measurement and Processing System The slip rings are Mlchlgan
Scientific Model # SR36. . ‘

The slip rings are not wired identically and the é)roper slip ring must be
mounted on the corresponding sides. The A side of the wheel set
contains the pulse encoder and therefore the slip ring with the plastic

‘Molex connector is placed on this side. The B side has the Torque

. circuit and therefore the slip ring without the-Molex connector is placed

- 223

224
225

2251

on thls 51de

NOTE
The slip rings should not be installed until the
instrumented axle is 1nstalled under the test vehicle.

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 axle two. :

Insure texpads are installed on ENSCO bea‘rihg‘adaptor.
To attach the slip ririgs to the axle:

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.

<36
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NOTE : et g e

The slip rings should not be installed until the B
instrumented axle is installed under the test vehicle. ' L e

2252 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 theé rotor end of the slip ring and secure the slip ring to
the shock mounts with the supplied hardware

2.2.5.3 After the slip ring has been attached install the slip ring housmg over
the slip ring. The slip ring housing attaches to the bearing adapters. .
The slip ring housing marked one should be attached to wheel A axle o
one and the housing marked two should be attached to wheel A axle N
two. The other housmgs may be mounted on either axle. ‘

2254 Onthe A wheel connect the Hall effect switch connector to the slip ring
output connector. Adjust the Hall-effect switch for a gap of 1/8-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 105- degree marks
stamped on the side if the wheel).

2.2.5.5 Attach the slip ring output connector to the slip ring housing and attach
the housing cover to the slip ring housing. DO NOT USE RTVTO
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 hdﬁéing
(wheel A only). Use the rubber gasket supplied.

2.25.7 Quahty verify that the installation of the slip rings and housmgs is
‘ complete.

-
[ o
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2.3 Inter-connection of the System

TASK G s QA
NUMBER PROCEDURE INITIAL

NOTE

SRR To complete the following steps refer to
- Figure 2-2 drawing #1979-B-2510

23.1  There are two cables that connect the Signal Conditioning Unit with
each wheel. One of these cables is 140 feet long and the other is 100
feet long. The 140-foot cable must be used since this cable connects to .
the SCU. The 100-foot cable is an extension cable and should only be
used if a cable length of greater than 140 feet is needed Each of the
100-foot cables are 1dent1ca1 o S

NOTE

Allow enough slack in the Inter Car Cables
to accommodate curvmg

232  The cables are labeled as follows

' AXLE/WHEEL  140FT.CABLE - 100 FT.CABLE -
1A O WI1AlL . WiA2

B S WIB1 7 ‘W1B2
2A W2A1 - W2A2

2B -W2B1 - W2B2

23.3  There is one cable that connects the SCU and the cornputer This cable
1s 1abe1ed as follows:

© AXLE/WHEEL CABLE
1 W13
2 : W2:3

PROCEDURE PKRG-3300 2@ 8



234

2.3.5

There are two cables for each system’s output They are connected as .

follows:
' AXLE/WHEEL CABLE S
1A <> W14 o
1B Coe> W1-5
2A <> W2-4

2B c <> W2-5

Quality verify that the inter-connection is complete.

3.0 SYSTEM CALIBRATION

3.1 Shunt Calibration

" TASK
NUMBER

PROCEDURE

QA

3.1.1

3.1.2

3.13

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 be performed; furthermore, it must be performed to establish the:
reference calibration voltages at the amplifiers during the original

INITIAL :

installation. This procedure is also useful to confirm the proper opera- S

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.

_Connect a volt meter 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.

PROCEDURE PKRG-3300



3.14

3.15

3.1.6

3.1.7

3.1.8

3.19

3.1.10.

3.1.11

Record the voltage measured between TP1 and TP4 and on. the corre-
sponding board. ,

Voltages for daily use are listed in Table 3-1 and 3-2.

Repeat Steps 3.1.3 through 3.1.5 for all channels.

Connect a.volt meter between T3 [F1] 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 unbalance.

The calibration resistors on the 11 string gage conditioner boards are as
follows: ,

BOARD - CALIBRATION

RESISTOR OHMS
'Vab 249,000
Ve 349,650
L 87,150
T 499,000

These values will be used in the following step.

Connect a volt meter between T3 [FI] and T4 SG]. 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 in Table 3-3 and 3-4.

Remove the calibration resistor from the break out box. Switch SW1
down (switching in 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

€
)
@



4.0 DAILY OPERATIONS

4.1 Signal Conditioning Calibration .

TASK QA

NUMBER -  'PROCEDURE' . . Co INITIAL

4.1.1 Connect a volt meter between T1 [+ P] and T4 [G] on the front of the
board.. Ad]ust R8 [+P] for the voltages ( +/- .05 volts) in the brldge
executlon list in Table 4- 1 RCUTIES

4.12  Ensure that the Table for the length of cable is being used.

413 If the cable lengths have changed due to a change in the conflguratlon

- of the consist length after the 1nitial sétup, perform the Shunt Calibra-

t10n in Sect1on 3.0 and create new exc1tat10n and gain cahbratlon tables.

4.14 - Connect a volt meter between T3 [F1] 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 unbalance.

"~ 4.1.5 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

416  Connect a volt meter between T2 [0] and T4 [G]. -Switch SW1 down
[switching in the calibration resistor] and adjust R7 [G] for the shunted
wheel shunt voltages fglven in,the gain calibration list Table 4-2. Be
sure to use the table for the- length of cable belng used

4.1.7  Switch SW1 up [switching out the-calibration. resistor].

418 Repeat Steps 4.1.1 th’rough 417for all ninevbr‘:'id.ge channels.

3¢
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4.1.9

4.1.10°

4.1.11

4.1.12

A waiting period of approximately 30 seconds after sw1tch1ng out the
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. - : :

The bridge balancing in Step 4.1.4 may offset 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 dpartlcularly true for
the vertical brldges 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 clipping, view the DC voltage
between T3 [F1] and T4 [G] with the car moving and adjust R2 [BL] to
O volts +/ - 1.0volt DC. This adjustment does not effect the running
zero because it is maintained by the high pass filters.

Do not perform Step 4.1. 10 on the torque brldge There are two ways
to get a zero reference for the torque bridge. The first is to lift one
wheel. The second is to stop on level tangent track and note the torque -
output, then back up and stop agam The average of the two levels will
estimate true zero.

Quality verify that the signal conditioﬁiﬁg calibration is eomplete.

4.2 Computer Operations

TASK QA '
NUMBER ‘ PROCEDURE INITIAL
42.1 Boot the computer usmg the hard disc (drrve C ). To use the execut-

able version type CD TEST, this changes the directory to test; next,
type WH1 C2MA for wheel set 1 or WH2 C2MA for wheel set 2. The
following prompt will appear on the screen:

WEST WH1****PROGRAM FOR REAL TIME WHEEL SET PRO-
CESSING @ 300HZ AXLE1

This program samples the wheel set bridges, torque brldge 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.

" PROCEDURE PKRG-3300 . 302
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422

4.2.3

4.2.4

425

4.2.6

Pressing the F1 key will start data collection, and pressing the F2 ke
will exit to DOS> Pressing the F10 key halts data collection in the 1dle
mode and dlsplays current a/ d 1nputs , .

Do you wish to see the channel a551gnments‘7 (Y or N)

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 F1 to start processing. If the program must be
exited for any reason press F1 then F2. If this is the initial daily set-up,
the volt meter function of the program may be used to assist in check-
_ % the amplifier gains. Press F10 to enter the volt meter mode and
efer to the Ensco Operations Manual, Appendix A for more detailed
operatlon ‘ : : :

Pressing F1 starts processing and displays the following prompt:

AXLE 1 DATA COLLECTION UNDER WAY; *PRESS F2* TO

. EXIT TO DOS ;
~ *PRESS F10* TO STOP DATA COLLECTION AND VIEW A/D

INPUTS

The vehicle must be moving at least 10 mph for oscillating brldge
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 at the 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 betfore the clicking starts.’

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 F10 key to provide an idle mode
without the clicking or to check the integrity if the various channels.

The system may be shut down at any time without damage to the
system; however, the system w111 have to be Te- -booted when the system
is re-powered , ‘ : .

* PROCEDURE PKRG-3300

12



NOTE .

If the processed output appears fo contaln square
waves when starting a run, the program has not synced and must be
stopped and started again. This is done
by pressing F10 twice.

" NOTE

At this point the instrumented wheel sets are pfopetly installed and
calibrated. All testing should be. completed before tearing down
the system as outhned in sectlon 5.0.

5.0 TEST TEAR-DOWN

5.1 Test Equipment Removal and Original Equipment Reinstallation
TASK T o QA
NUMBER . PROCEDURE ‘ ' INITIAL

J.1.1  Perform calibration operations as outlined i in section. Label data as
Post Test Cahbrat1on

512  Remove all cables from the test vehicle, (R
5.1.3 Remove the end plates on the bearlng housmgs

5.1.4  Remove the.screws holding the connector to the housing.

S5.1.5  Cut all wraps attached to the housmg and dlsconnect the pulse connec-
tor on the A wheels.

5.1.6  Remove the bearing housings.

517  Carefully'remove the nuts 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. . | 7 ;
519  Storeall equipment in a safe place. v“‘,

5.1.10 Replacé 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 original wheel sets.

g - "NOTE .
© . Operations to be performed as in the AAR Car Manual

6.0 QUALITY VERIFICATION

TASK C - e _ \ - QA
NUMBER | © PROCEDURE = INITIAL

61  Quality verified that PKRG 3300 is complete and closed.

6.2 ~  Authorized QA signature ..
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T A R Y B -

AXLE 1

SCU : BRIDGE BRIDGE
CARD | WHEEL | SIGNAL. | - EXCIT:ATION EXCI’EQTION
1 A VERT A 11.00 + /- .05
2 A VERT B 11.00 + /- .05
3 A VERT C 11.00 + /- .05
4 A LAT A 11.00 + /- .05
5 A LATB | 11,00+ /- .05
6 B VERTA | - 1100 +/-.05
7 B VERT B 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

PROCEDURE PKRG-3300
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- AXLE2 |

- BRIDGE BRIDGE

SCU ‘ ,
"CARD | WHEEL | SIGNAL’|' EXCITATION EXCITATION
. ' L &%k
l~ "VERT A = 11.00 +/-.05 -

VERTB [~ 11.00 +/-.05

'VERTC | +11.00 +/- .05

LATA | - 11.00 +/-.05 -

LATB |-~ 11.00 +/- .05

VERT A [ 11.00 + /- .05

VERTB- |~ 11.00 +/- .05

VERTC- |- 11.00 +/- .05

Olowjanflvllefwlo]~

LATA- |- 11.00 +/--05

—
)

LATB [ 11.00 +/- .05

wlw|w|w|=w]> >

11

TORQUE| -~ 11.00 + /- .05

* AT THE WHEEL o
** AT THE AMPLIFIER WITH ACTUAL CABLES

Table 3-2 Excitation Table Blank Table

PROCEDURE PKRG-3300 ©
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AXLE 1

" 'SHUNT

scu WHEEL | SIGNAL CALIBRATION ‘ CALSIIERUEON'
CARD , | ﬂuRE.SIfT(V)R RES{%TOR‘
1 A VERT A 2.90

2 A VERTB | - - 290

3 A VERT C- 823

4 A LAT A 3.79

5 A LATB 3.79

6 B VERT A 2.86

7 B VERTB | - - 286

8 B. VERTC |-~ 812

9 B " LATA |- +. 386

10 B - LATB 386

11 TORQUE | 621

* AT THE WHEEL

** AT THE AMPLIFIER WITH ACTUAL CA

Table 3-3 Gain Calibration Blank Table

BLES
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AXLE 2

'SCU . | WHEEL | SIGNAL | CALIBRATION | CALIBRATION -
CARD t 'RESISTOR |  RESISTOR

'vVErTa ]l = 293"

"VERTB:| -- - 293 .

VERTC| - 832

"LATA |- - 381

LATB | .. 381

[ VERTA| 29 -

| VERTB| . - 296

. VERT-C| -~ 841-

Oloofluallonvl]lelw|of—

LATA |-~ 379

wlw|w|w|w]|>[>1>1>]>]

—
[}

LATB-|... 379

11| -~ [TORQUE] 620

* AT THE WHEEL L
_#* AT THE AMPLIFIER WITH ACTUAL CABLES

TABLE 3-4 GAIN CALIBRATION
BLANK TABLE
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AXLE'1

SCU

. BRIDGE

S 3] BRIDGE
CARD | WHEEL | SIGNAL |  EXCITATION EXCITATION
1 A VERTA |-~ 11:00 + /- .05 11.84
2 A VERTB | -11.00 +/-.05 11.81
3 A VERT C+|+ - “11.00 + /- .05 11.39 .
4 A LATA | 11.00 +/- .05 11.38
S A “LATB |7 11.00 + /- .05 11.42
6 B VERT A | 1100 + /- .05 1175,
7 B VERTB |~ 11.00 + /- .05 11.76
8 B VERT C | *==111.00 + /- .05 11.42
9 B | LATA | ~11.00+/-:05 11.39
10 B “LATB { ~11.00-+/-.05 11.36
11 B .05 1126

| TORQUE|- - 11.00 + /-

* AT THE WHEEL
** AT THE AMPLIFIER WITH ACTUAL CABLES

TABLE 4-1 Excitation Setup Tables 250-foot Cables

PROCEDURE PKRG-3300
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AXLE 2

SCU N BRIDGE BRIDGE
CARD | WHEEL | SIG‘NQL' : Exc;T’ixTION | EXCITATION
1 A | VERTA | 1100 +/- .05 11.69
2 A | VERTB'[* 11.00 +/-.05 11.68
3 A | VERTC" 11.00 + /- .05 11.35
4 A " LATA ‘[ 1100 +/- .05 11.32
5 A LATB|  11.00 +/- .05 11.36
6 B VERTA | 11.00 +/- .05 11.68

7 B VERTB | 11.00 +/- .05 11.68
8" B VERTC-| - 11.00 +7/- .05 11.37
9 B . | LATA™|*: 11.00 +/%.05 11.39
10 B LATB" | 11.00°+ /.05 11.37
11 B "TORQUE [~ 11:00 + /- .05 1125

* AT THE WHEEL

s# AT THE AMPLIFIER WITH ACTUAL CABLES . .

RN

TABLE 4-2 Excitation Setup Table 250-foot Cables

PROCEDURE PKRG-3300

20



AXLE2
- . SHUNT , SHUNT

SCU WHEEL | SIGNAL | . CALIBRATION CALIBRATION
CARD ‘ L l—_"l'f'TRESIETOR RESISTOR

1 A VERTA | 75293 3.38

2 A VERTB. [ . -.293 3.34

3 A VERTC | - . 832 . 8.87

4 A LATA | . 381 4.09
'5 A LATB | .. 381 4.09

6 B " VERTA |- ... 296 3.27

7 B "VERTB |. ;- . 296 3.24

8 B VERTC | ... .841 8.69

9 B LATA | .. 379 4.12

10 B LATB . 399 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

PROCEDURE PKRG-3300
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"AXLE2

B SHUNT SHUNT
SCU | WHEEL | SIGNAL | CALIBRATION | CALIBRATION
CARD | RESISTOR RESISTOR

1 A VERT A 2.93 331
2 A VERT B 2.93 328
3 A VERT C | 832 8.85
4 A LAT A - 3.81 4.05
5 A LATB 381 4.05
6 B VERT A 2.96 335
7 B VERT B 2.96 333
8 B VERT C 8.41 8.95
9 B LAT A 379 4.03
10 B LATB 3.79 . 4.03
11 TORQUE 6.20 6.47

* AT THE WHEEL
** AT THE AMPLIFIER WITH ACTUAL CABLES

#*U.S. éOVEhNMENT PRINTING OFFICE: 1992-624-526/60404"

Table 4-4 Gain Calibration 250-foot Cables

!
J

f
/
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