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FOREWORD

This document is submitted in accordance with the requirements for
Technical Reports as specified by NASA Contract NAS8-29882,
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1.0 SCOPE

1.1 Purpose - This report presents a description of the transfer
function test performed on an open hopper freight car loaded with 80
tons of coal. Also presented are the test data and a post-test update
of the requirements document and test procedure. Included in the text
is a statement of the test objective, a description of the test configw
urations, test facilities, test methods, data acquisition/reduction op-
erations and a chronological test summary.

1.2 Summgry -~ The transfer function test was conducted during the
period extending from 12 March through 31 March 1975. OControl system
evaluation was performed prior to 12 March 1975 and data reduction con-
tinued beyond 3] March 1975. The test program was conducted at the

Martin Mari-tta Corporation Structures Test Facility in Denver, Colorado.

An index to the data for the three test configurations (X, ¥ and Z-
axis tests) is presented in Table I, Also, contained in “able I is the
test sequence, run number, test reference amnd input parameters. Y-axis
data are presented in Volumes IL and IIT. Volume IV contains X and Z-
axis data. A detailed index to the data is contained in each
volume. Appendix A and B contain a post-test update of the require-
ments document and test procedure. The procedure contains photographs
of transducer locations and the test historical log.

The data is currently being compared with analytical model data
for model walidation,

2.0 APPLICABLE DOCUMENTS

The following documents of exact issue shown, form a part of this
document to the extent specified herein. This document shall govern
where differences occur in presented material,

P74-48338-1, "Track-Train Dynamics Analysis and Test Program'

TS-005-TF, "Track/Train Dynamics, Test Requirements Document,
Transfer Function Test," dated 16 May 1975

TP-005-TF, "Track/Train Dynamics, Test Procedure, Transfer Funec-
tion Test," dated 16 May 1975

LAB 1007302, "Track-Dynamic Analysis GVS and Transfer Function
Test,"” Test Fixture Drawings

1923-0100600, Time Data Operations Manual




LAR 0212205, "Time Data 1923 Sinusoidal Vibration Control System'

1923-5017, "Time/Data Sinusoidal Vibration Control Manual"

3.0 TRANSFER FUNCTLON TEST DESCRIPTION

3.1 Test Objective - The objective of the transfer function test
was to obtain data for the validation of the freight car nonlinear elas-
tic model.

3.2 Specimen/Test Configurations - The test specimen consisted of
an L&N BR model M-042-174 80 ton open hopper freight car with ASF-11
trucks. Detalls concerning the test article general arrangement can be
found in Appendix A, Figure 1,

The first test configuration was the fully loaded car containing
approximately 162,000 1bs of coal supported on ASF-11 trucks. The
wheel/axle sets of the test truck (the same one used for static tests)
were supported on slide plate assemblies, two of which were equipped
with load cells for measuring vertical forces. These load cells were
positioned underneath the wheels where the force input was applied.

The wheel/axle assemblies of the other truck were supported on spacer
assemblies which brought the car to a level position. Two hydraulic
actuators were rigidly coupled to the axles of the test truck for Y-

axis testing and actuator forces were reacted by a support fixture rigidly
coupled to the test facility floor. A hydraulic power supply was placed
in the proximity of the actuators. The freight car and truck assemblies
were in a standard operational configuration.

In the second test configuration, the car was supported the same way
as the first; however, the actuators were positioned for X-axis testing
and were rigidly attached to the front axle of the truck assembiy. The
slide plate assemblies with the load cells were positioned beneath the
wheels with the actuator attachment.

The third configuration involved the use of a single actuator posi-
tioned at one side of the middle of the car for Z-axis testing. All
other conditions were the same as test configurations 1 and 2. Each
of the above test configurations are depicted in Figures 1 through 6
respectively.

3.3 Facilities Description -~ The tests described in this document
were conducted at the Martin Marietta Corporation Structures Laboratory
located in Denver, Colorado. All the test equipment used during this
test was in current calibration throughout the test program except for
10 charge amplifiers which required an extension beyond 24 March 1975.
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3.3.1 Handling Equipment - Two 100 ton Regent hydraulic jacks and
four 50 ton Merrill hydraulic jacks were used to raise the freight car
and truck assembly during setup operations. A rented conveyor system
was used to unload the coal via the hopper hatches which were opened and
closed with the aid of a hydraulic jack.

3.3.2 PFixturing -~ The test truck assembly was supported on four MMGC
slide plates and the actuator forces were reacted by support fixtures as
shown in Appendix B, Figure 7.35.

3.3.3 Hydraulic System - Forces were applied to the wheel axles by
two hydraulic Moog actuators for the ¥ and X axis tests and by a single
actuator for the Z axis tests. The deliverable force rating of an actua-
tor is 14,040 pounds-peak with a 3000 psi differeniial pressure across
the actuator piston. The hydraulic power supply pressure was maintained
at 3000 psi by a 30 gpm Denison hydraulic pump during testing. An Apnin
control valve was used as a hydraulic oil safety bypass during Z axis
testing to preclude the possibility of damage if motion were abruptly
terminated (see Figure 7).

3.3.4 Control System - The force imput to the test specimen was
automatically controlled by a Time Data 1923 digital control system
with the master gain located in a remote control comnsole. The control
system was programmed to control the highest of two forces or a single
force within a selectable amplitude window. Manual operation was op-
tionally selectable with the use of an aralog oscillator in the remote
control console or the synthesizer used with the digital system. Com-
puter instructions and post-test printout were provided by a remote ITY.
Input force signals, the drive signal and the servo~valve drive amplifierx
signals were monitored on a multiplexed scope during testing. Actuator
phasing (0° or 180°) was accomplished by reversing the output of one of
the valve drive amplifiers. The systems described in this section are
shown in Figures 8 and 9.

3.3.5 Data Acquisition/Reduction System - The data from each run
was recorded on a Honeywell magnetic tape recorder system equipped with
a Vidar 100 channel FM multiplex system. Signal conditioning was accom-
plished with the use of charge amplifiers, LVDT balance amplifiers, and
bridge balance amplifiers. Standard accelerometers, displacement trans-
ducers, and strain gage transducers were used to measure the motion of
the test specimen. A block diagram of the control and data acquisition/
reduction systems is presented in Appendix B, Figure 7.4. 1In addition,
photographs of these systems are presented in Figures 10 through 13.

3.4 Test Summary - In order to accomplish the stated objective of
the test, it was conducted in accordance with the requirements specified
in the test requirements -ocument (TS-005-TF, Appendix A). A chronolo-
gical test sequence, along with run numbers, test reference, input para-
meters, and data reference is presented in Table L. Test modifications
were generated by the test control board and were implemented during the
course of the test.




o 3.4.1 Test Procedure - The performance of each vibration test,
identified by run numbers in Table I, was implemented by following the
steps described in the test procedure (TP-005-TF, Appendix B)., The his~
torical log of daily activities is included with the test procedure.

3.4.2 Instrumentation Summary - A maximum of 44 measurements were
recorded for a piven test run as reflected by the data in Volumes IIL,
IIL and IV, Instrumentation locations are identified in Appendix B,
Figures 7.2 and 7.3. Coordinates of displacement tramnsducers are pre-
sented in Appendix B, Table 8.0; also presented &are photographs of in-
strumentation locatiomns in Figures 7.2a through 7.2f and 7.3a through
7.3¢c.

3.4.3 Data Summary - Selected test data are presented in Volumes
IL, III and IV in the form of transfer function plots. Also presented
is a listing of controlling force and associated frequency interval for
the two actuator tests along with a listing of transducer sensitivities.
Quick lock oscillograph data, computer primtout, and magnetic tapes gen-
erated during the test are available and are being maintained in data
retention files.

3.4.4 Detailed Test Description - The following test descriptions
provide information concerning the performance of each major test sequence.
In general, contrcl system limitations were experienced during testing
which resulted in premature test run termination (aborts). These aborts
were related to fixture resonances, fixture cross coupling and specimen/
actuator interaction. Typically, a test input spectrum and tolerance
was entered into the computer program based on hydraulic system limita-
tions. Data from test attempts and manual excitation at discrete fre-
quencies optimized this spectrum which resulted in maximum input force
and truck member relative motion. Low level tests preceded maximum in-
put tests to preclude the possibility of over testing the specimen.

The above approach produced the desired result below 20 Hz where motion
was significant; however, aborts were still experienced above 20 Hz pri-
marily from fixture resonances. These aborts wert identified by computer
post-test printout messages, i.e. "maximum drive limit exceeded" and
"eontrol limit exceeded'.

RBuns 1 through 5 - Precursor tests at three force levels were con-
ducted in the Y-axis with the actuators 180° out-of-phase. Insuf-
ficient motion was observed during- these tests and the following
configuration changes were made. The actuator reaction fixture was
stiffened by boxing in "I" beam sections and adding additional gus-
setts, The layer of polychor tape was removed from the bearing
surface of the slide plates and molydisulfide lubricant was used
between the movable plate which contained polychor tape and the
bearing plate. Finally, shims were added between the spherical
bearing end pins of the actuators and the fixture clevis holes.

Runs 6 through 46 - Force input spectrums were optimized and test
runs conducted in the ¥, X and Z axes. Tests with the actuators

T

S



RN T

4.0

both in and out of phase were conducted in the Y and X axes. Z
axis tests utilized a single actuator, Maximum relative motion

of the truck members and the car was achieved while staying within
the shaker system capability. S8lide plates were inspected and lu-
bricated between the ¥ and X axes tests. Longitudinal X motion was
kept to a safe limit to insure that the specimen would remain on
its supports. Low frequency control limits were set to 48 dB in
order to accomplish Z axis testing (runs 44 through 46). Previous
test limits were generally a maximum of -+4 dB. Further details
concerning each run are delineated in Table I.

SUMMARY OF RESULTS

The transfer function test of the loaded 80 ton open hopper freight

car was successfully completed in accordance with the requirements speci-
fied in Appendix A. The transfer function data obtained is currently
being compared with analytical data. The results of this comparison
will be submitted in a subsequent report. A summary of the test trans-
fer function data is presented in Table II which lists the maximum mo-
tion and frequency of selected runs for each measurement.



5.0 ABBREVIATIONS AND ACRONYMS

Btwm.
Bol.
Calib.
Cap.
ChC
Ch.

Between

Bolster

Calibration

Capacity

Control Data Corporation
Channel

Check

Pisplacement
Electronic Technician
Full Scale

Forward

Left

Lateral

Linear Variable Differential Transformer

Measurement

Manufacturer

Martin Marietta Corporation
Marshall Space Flight Center

Mechanical Technician

National Aeronautics and Space Administration

Number
Oscillograph

Oscillator

‘Opposite

Quantity
Relative
Right
Sensitivity
Side Frame
Safety
Strain Gage

Switch
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TCB Test Control Board

TD Tectinical Director

TE Test Engineer

ITY Teletype Terminal

Typ. Typical

TX, ¥, 2 Theta X, Y or 2

U-D Unholtz-Dickie Corporation
Vert. Veftical

XPCR Transducex
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30 May 1975

v

The last paragraph in section 3.2 should refer the reader
to Figures 1 through 9 instead of 1 through 6.

Sections 3.3.3, '3 3.4 and 3.3.5 should refer the reader to
figures 10, 11 and 12, and 13 through 16 respectively
instead of 7, 8 and 9, and 10 through 13.

Section 3.4.2 should refer the veader to Appendix B, Table
8.6 instead of Appendix B, Table 8.0,

Issue date: 6/27/75
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TABLE L. TRACK/TRAIN TRANSFER FUNCTION TEST SIRRIARY

1EST RUR TEST TEST SWEEP RATE|AGTUATOR |TEST DATA
SEQUENCE [ND. REFERENGE TEST INPUT SFECTRIM PREQ. (HZ) (.CT/MIN} |PHASE(d) [DATE REFERENCE REMARKS
1) Y-Axisjl) 1 1) Regmes. Doc. 1} 6 dB/Cct 0.5-1.98 ilz, 1) 0.5-35 1) 1) 180°3{1) 3/12/75(1}) Data Not Included|l} Tests Conducted to Normal Completion.
Tests T8-005~TF 2000 Ybs-pk 1,98-35 liz
Test Procedurs
TP-005-TF
b3 2y 2,3 In 2) 6 dB/Oct 0.5-1.98 iz 2 2} 2) 2) 2) 2} Lost Data On Meas. AL3-AL12 During Run HNo.
5000 1bs-pk 1.98-3% Hz 23 Tepts Conducted to Normal Complecion.
3) 3} 4,5 13 3) & dBfOct 0.5-1.98 Wz, 3) 0.5-21.75&)D) 3 3 k)] 3) Runs 4&5 Aborted @ 21,75&23.27 Hz On Max.
10,000 1ibs-pl 1,98-35 Hz 0.5-23,27 Drive Limit; $tiffened Fix. Following Run
5.
&) 4 6 % %) 5000 1bs-pk 0.5-50 Hz £) 0.5-26.15 |4) %) 4) 3/18/75(4) Data In Vol. IL [4) Aborted @ 26.15 Hz On 3 dB Control Limit.
5) 5y 7 5} 5) 10,000 1bs-pk 0.5-50 Hz 5 0.5 5) 5) 5) 5) Data Not Included|5) Aborted @ 0.5 Mz On Max. Drive Limic.
&) 6 8 6) 6) 6 dBf0ct 0,5-1.98 Mz, 6) 0.5-2.361 [6) 6) &) ) 6) Aborted @ 2.361 Nz Cn Max. Drive Limic.
10,000 1bs-pk 1.%8-50 Hz
7 n o9 7 7) 6 dB/Oct 0.5-1.98 Hz, 7) 0.5-23.75 {7) I N 7) Data In Vol. II {4} Aborted @ 23.75 Hz On 3 dB Control Limit.
7070 Thg=pk 1.89-50 Hz
8) 8 1 Im 8) 12 dB/0ct 0.5-1.3 lz, 8) 0.5-0.706 [8) 8) 8) 3/19/75|8) Data ot Inclufed|8) Aborted @ 0.704 Hz On 3 dB Control Limit,
9000 1lbs-pk 1.3-50 Hz
9) 9) 11,12|D 9) 4500 lbg-pk 0.5-0.919 Hz, [9) 0.5-1.209&|9) 9} ) 9) 9) Run 115&12 Aborted @ 1.209&1.328 Hz On 3 dB
12 dB/Oct 0.919-1.3 He, 0.5-1.328 Control Limit.
9000 Ibs-pk 1.3-50 Nz
10) 10) 13 {19) 16) 6000 lbs-pk @ 0.5 Hz Linear|10) 0.5-37.95 [10) 10} 10) 10) Data im Vol. II [10) Aborted @ 37,95 Hz On Max. Drive Limit, b
Rige to 1.3 Hz, 9000 1lbg-pk!
1.3-50 Hz
11) 11y 14 11) 11) 3010 lbs-pk @ 0.5 Hz,Linearj1l) 0.5-26.68 |11) 11} 11) 11) 11) Aborted @ 26,68 Hz On & dD Control Limlt.
Rise to 1.3 Hz, 4510 1lbg-pk :
1.3-50 Mz ¥
12) 123 15 {12) 12) Same as Run 14 12) 0.5-25.7¢9 [12) i ofe 1 12) Data In Vol. IIE [12) Aborted @ 25,79 Hz On 4 dB Control Limit.
13 13) 16,17(13) 13) Same as fun 13 13) 0.5-0.633&(13) 13} 13) 13) Dats Not Included{13) Run 16617 Aborted @ 0.63341.254 Hz On &4 4B
0.5-1.254 Control Limit & Stop Buttom Respectively.
14) 14) 18 15 14) 4250 1lbs-pl @ D.5 Hz,Llineari 14) 0.5-32.14 |14} 14) 14) 14) Data In Vol. III [14) Aborted @ 32.14 Hz On Mox. Drive Limir,
Rise to 1.3 Hz, 6370 lbs-pk
1.3-50 Hz
15) 15) 13 [1%) 15) 5350 1bs-pk @ 0.5 Mz,Lincar|15) 0.5-26.9 [1%) 15) 15) 15) 15) Aborted @ 26,9 Hz On Max. Drive Limit.
Rise to 1.3 Hz, 8020 lbs-pl
1.3-50 bz ]
16) 16) 20,21|16) 16} Same as Run 19 16) 0.5-27.39&{16) 16) 16) 3/20/75/16) Run 20 Datn In  |16) Run 20621 Aborted @ 27.39627.34 On Max.
0.5-27.34 “ Vol. LI Drive Limtt.
17} 17) 22 17) 17} Same as Run 13 17) 0.5-2.104 |17) 17) 180% 17) 17) Data Not Included)17) Aborted @ 2,104 Hz On Mox. Drive Limir.
18) 1B} 23 18) 18} Same as Run 19 18) 0.5-34.93 |18) 18} * 1B) 18) Data In Vol. I1 ]18) Aborted @ 34.93 Hz On Max, Orive Limit.
19) 19) 24 |19) 19) Same as Run 19 19) 0.5-1.403 119) 19) 0% ]19) 19) Data Not Included|19) Aborted @ 1,403 Hz On Max. Drive Limit.
20) 20) 25 J20) # 20) Same as Run 18 20) 0.5-7.844 |20) ¥ 20) t 0 ¥ 20) 20) Aborted @ 7.844 Mz On Stop BuLtem,

CONTINUED




TABLE I. TRACK/TRAIN TRANSFER FUNCTEON TEST SUMMARY (CONYINUED)

TEST RUN TEST TEST SUEEP RATE] ACTUATOR |TEST DATA
SEQUENCE No, REFERENCE TEST INPUT SPECTRUM FREQ. {HZ) {OCT/MIN) | PRASE(#) |DATE REFERENCE REMARKS
21) X-Axis]2l) 26 21) Meqmes, Doc. |21) 3010 1bs-pk @ 0.5 Hz,Linear|21) 0.5-50 21) 2 21y 180%)21) 3/25/75|21) Date Npt Included|21) Test Conducted to Normnl Completian.
Tests T5-005-TF Rise to 1.3 Mz, 4510 lbs-pk
Test Procedure 1.3-50 Hz
TP-DVS-TF
22) 22) 27 22) 22) 4760 lbs-pk @ 0.5 Hz,Linear)22) 0.5-1.606 |22} 22) 22) 22) 22) Aborted @ 1,606 He On Max. Drive Limit.
Rise to 1.3 Hz, 7150 1bs-pk
1.3-50 liz
23) 23} 28 23) 23) 4500 lbs-pk @ 0.5 Hz,Linear{23) 0.5-3.226 |21 23) 23} 23} 23) Aborted @ 3,226 Hz On Mox, Prive Limit.
Rise te 1.3 Hz, 6750 lbs-pk
1.3-50 Hz
24) 24} 29 24) 24) Same as Run 18 24) 0.5-21.59 |24) 24) )y § 25 ¥ 24) Aborged @ 21.59 Hz On Max, Drive Limit.
15) 25) 10 25) 25) 4610 lbs-pk @ 0.5 Yz,Einear|25) 0.5-36.99 [25) 25) 25) 3/26/75|25) Data In Vol. IV [25) Aborted @ 36.99 Hz On Max. Drive Limic.
Rise to 1.3 Hz, 6010 1lbs-pk
1.3-50 Hz
26} 26) 31 26) 26) Same as Run 26 26) 0.5-2.088 {26) 263 a°d (287 26} Data Hot Included|26) Aborted @ 2.0BB iz On 6 dB Control Limit.
) . 27N 27) 32 27) 27) 2680 1lbs-pk @ 0.5 Hz,Linear(27) €.5-2.026 }27) 27 27) 27 27) Aborted @ 2.026 Mz On & dB Control Limit.
- Rise to 1.3 Hz, 4020 Ilbs-pk
' 1.3-50 iz
28) 28) 33 28} 28) 1691 lbs-pk @ 0.5 Mz,Linear|28) 0.5-25.98 {28) 2B) 28) 28) 28) Ahorted @ 25.98 1z On 3 dB Control Limit,
Rise to 1.3 Hz, 2540 lbs-pk
Y 1.3-50 Hz
29) Z-Axis|29) 34,35)29) 29) 5010 ibs-plc 0,5-50 H= 29) 0.5 & 29) 29} N/a |29 3/28/75)29) 29) Run 34635 Aborted @ 0,581,244 Hz On Max.
Tosts 0.5-1.264 Drive Limit & 3 dB Control Limit Respectivel:
30) 30 a6 aa) 30) 2500 lbs-pk 0.5-3 Hz,12 48/{30) 0.5-1.411 |30} 10) 30) 30) 30) Aborted @ 1.411 Hz On 3 dB Control Limit.
Oct 3-4.2 12,5000 1bs-pk
. %,2-50 Hz
al) 31) a7 3D 31) 1990 1bs-pk 0.5-3 Hz,12 4B/[31) 0.5-1.425 |31) ) 31) 1) 31) Avorted @ 1,425 Hz On 3 dD Control Limit,
' Oct 3-4.76 Uiz,5000 lbg-~pl
§.76-50 Hz
3 32) 32} 38-40(32) 32) 500 1lbs-pk 0.5-3 Hz,12 dB/ (32) 0.5-0.737,(32) 32) 3 32) 32) Bun 3B,39540 Aborted @ 0.737,4,014&3.864 Hz
’ Oct 3-9.49 Hz,5000 lbs-pk 0.5-4.014% On 3 dB Control Limit. Force Was 2eroed
9.49-50 Hz 0.5-3.864 Prior to Run 3% & Force Sensitivity Was
Changed Prior to Rum 40,
33) 33) 41 31) 33) 2000 1bs-pk 0.5-50 Hz 33) 0.5-1.318 |33) 33) 33) 33 33) Aborted @ 1.31B Hz On 3 DB Contral Limit.
34) 34) 42,43]34) 34) 1000 ibs-pk 0.5-50 iz 34) 0.5-0,542&]34) . 34) 34) 34) 34) Run 42843 Algorted @ 0.542&0,986 He On ] aB
0.5-0,986 “ Cantrol Limit,
35) 35) 44 35) 35) 2000 lbs-pk 0.5 Hz,Linear 35) 0.5-32.26 {15) 35) 35} 3/31/75)35) 35) Aborted @ 32.26 Mz On &4 dB Control Limit.
Rise to 5 Hz, 3980 lbs-pk
) 5-50 Hz
36) 36) 45 J38) 36) 3540 lbs-pk 0.5 Hz, Linear |36) 0.5-27.29 |38) 36) 36) 36) 36) Aborted @ 27.29 Hz On 4 dB Control Limlt.
Rige to 5 Hz, 5010 1bs-pk
5-50 Hz “
y 37) 5010 1bs-pk 0.5-50 Hz 37) 0.5-27.58 [37) r 37) r 37 37) Data In Vol. IV |37} Aborted @ 27.58 Hz On 4 dD Contrel Limit.

B e no%
vo)
O

"
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TABLE TI. DATA SUMMARY
gias. Units Run No. 6
. 1.0 HZ | 1.25H21.75 2} 5.88 HA

FL1/0SQ] 1bs | 4101 |4590 4101 | 3906 | E + 00

Fr2 §) vy | 5078 |si75 Jass2  |4199

FL2/FLY 1bs/1b| 1.25 [1.05 Ji.2  J0.95

V2 1.09 lo.49 lo.6

FV3 Y 0.6 [0.67 ]o0.6 v
DV1 in/ib 1.3 1.5 0.7 | E -~ 06
DV2 1.0 0.7 0.7

DV3 6.7 1.3 2.0

DV4 6.7 |2.3 1.0

AvL &/1b 2.7 14,7

Av3

Avs 6.7 6.0

AL 13.3

AL7 13.3

L5 123,3

A8 y 73.3

DLL | | in/1b 3.3 3.7 3.3

DL2 5.0 [3.3 4.0

DL3 0.3 [0.3 1.8

DL4 0.3 .5 0.3

DL 5 0.8 0.5 0.8

L6 0.3 0.3 0.5

DL7 5.3 6.7 | 3.0

L8 2.3 3.7 3.0

DL9 3.3 4.8 3.0

DL10 1.0 1.3 0.8

pLil 2.7 3.3 3.0

DL12 1.3 2.2 1.5

DL13 1.3 1.3 1.5

DL14 3.7 5.0 3.3

DL15 3.3 5.0 2.7

DL16 10.0 12.7 | 10.3

DL17 ¥ | 9.0 9.3 8.7 v
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TABLE II, DATA SUMMARY

Meas.{ Units Run No. 9
. No. 1.4 HZ { 2.1 BZ|2.3 HZ | 2.9 HZ|3.3 HZ | 3.7 HZ(4.6 HZ | 5.2 HZ

¥Li/0sd 1bs 14,394 |5,371 | 5,859 V6,347 [7,324 7,324 | 6,347 | 6,347 |E + 00
rr2 Vi v 4,882 |6,347 | 7,324 | 7,324 [6,387 [5,3m1 | 5,859 |6,347
FL2/FLY 1bs/ib| 1.04] 1.22) 1,15 1.2 .92 .8 .9 .9

FV2 0.49 | 0.49
FV3 ¥ 1.12 ' 0.65| ¢
pvl | | in/1b 1.7 1.2 E - 06
DV2 0.5 0.8

DV3 2.2 1.3 1.2 2.7

DV4 ] 2.5 | 0.8 1.7 2.2
AV3 c/1b 11.3

AVS 8.0
AL3 4.3 | 4.7

AL6 33.3 | 53.3 | 66.7 ] 66.7 { 46.7 | 43.3 | 80.0 | 66.7

AL11 33.3 | 40.0 | 66.7 | 53.3 {20.0 | 46.7 | 53.3| 66.7

L4 26.7 | 33.3 | 46.7{ 53.3 [46.7 | 33.3 | 53.3

ALS 73.3 | 66.7 66.7 93.3 | 80.0 |146.7
ALS £0.0 | 73.3 | 73.3] 66.7 | 66.7 | 66.7 | 60.0 | 80.0

AL9 60.0 | 86.7 | 93.3 106.7 | 86.7

AL10 16.7 | 13.3 36,7 | 30.0 | 33.3

AL12 ¥ 40.0 40.0 | 50.0 | 40.0 [ 53.3 | 60.0] 53.3

DL1 in/1b 28.0 11.3

DL2 31.7 11.7

DL3 12.3 4.3

DL4 ' 1.7 | 1.7 0.7

DLS 0.7 1.3

DL6 1.3 1.0

DL7 | 0.7

DL8 2.0 | 5.3 53] 5.0 | 5.0 4.7 3] 3.0

DL9 1.7 6.3 7.3 1 6.7 1 6.7 5.7 5.0

DL10 3.3 4.3 4.7 | 4.3 3.3 3.0 .

DL1L 2.0 5.0 5.3 5.0 ] 5.0 43 | 4.0| 3.0

DL12 2.3 2.0

DL13 2.0

DL14 7.3 7.3 ] 6.7 4.1

DL15 6.0 5.3 5.7 ‘ 4.0

DL16 17.7 | 19.0 17.3 14.7

DL17 ¥ | 21.6 | 22.3 20.3 17.7 /
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TABLE II, DATA SUMMARY

S | RUN NO. 13
1.28 Hz{2.08 HA2.72 Hz{3.2 Hz 1.8 Hz |5.76Hz | 6.4 Hz|6.72Hz
Fri/ose| 1bs l6,152 |5,859 | 5,664 |7,812 | 6,836 |7,324 | 6,250 {8,007 | E+00
e § | § 15,859 {7,031 | 8,007 |6,836 | 5,859 |5,468 | 4,687 | 5,664
FL2/FL| 1bs/1b[1.03  {1.26 |1.24 0.8 |0.82 0.7 0.7 [0.6
FV2 0.8 0.53 0.53
EV3 Y lo.73 ]
pv3 | |in/ib |2.7 | 1.3 E-06
DV4 ¥ 3.0 1.0 |10
AV1 G/1b 9.3 |12.7 14.7
AV2 2.0 | 6.0 10.0
AV3 6.7 7.3
AVL 3.3 | 10.0 |13.3 14.0
AVS 3.3 6.7 6.7
AV6 6.7
ALY 9.3 12.0 9.3
AL2 2.7 8.7 16.0
AL3 3.3
AL6 66.7
AL7 8.0 13.3 13.3
sil || ¥ 40.0 | 46.7 ¥
ap | lpsisipjo.21 fo.21 [o.2 Jo.21 fo.21 Jo.12 jo0.16 j0.23 | E+00
L4 G/1b 33.3 | 53.3 46.7 |53.3 | 53.3 E-06
ALS 46.7 | 53.3 80.0
ALD 53.3
AL10 v 46.7
DL1 in/1b 36.7
DL2 40.0
DL3 15.7
DL4 1.0 1.2
DL5 1.3 1.3 |10 1.3
DL6 1.0
DL 0.5
DL8 5.0
DLY 6.7
DL10 4.0
DL11 5.3
DL12 1.7
L3y | ¥ 2.0 Y
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TABLE II. DATA SUMMARY

WS, | pores RUN NO. 13

NO. 1.28 Hz|2.08 HA2.72 Hz|3.2 Hz | 4.8 Hz|5.76Hz | 6.4 Hz[6.72Hz
DL14/FLY in/lb 5.0 2.7 E-06
DL15 4.7 2.0 2.3
DL16 22.7
DL17 ¥ 21.0 ¥




TABIE IT DATA SUMMARY
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MEAS. , RUN NO. 14
NO. (TS 1.25 Hzl2.12 Hz{2,75 Hz|3.25 Hz}4.75 Hz{5.75 Hz{6.38 Hz{6.75 Hz
FL1/0SC| 1bs 4,39 | 4,394 | 3,906 (3,906 | 3,906 [4,39 | 3,418 [4,394 | EH0O
FL2 % % 4,394 14,882 | 4,394 14,394 | 3,906 14,394 | 3,906 |4,39
FL2/FL1| 1bs/1b} 1.0 1.1 1.1 1.2 1.0 0.95 1.2 1,26
FV2 0.8 0.6 0.7 0.8
FV3 # 0.9 1.0 1.0 Y
DV3 inf/ib | 2.0 .07 .07 E-06
DV4 y 2.7 0.3 .07 .07
AV1 G/1b 3.3 3.3 6.0  [&.0
AV2 0.7 ' 0.7 0.7
AV3 2.7 3.3
AV4 0.7 4.0 4.0 8.7
AVS 0.7 0.7 3.3
AV6 2.0
AL 2.7 5.3 6.7
AL.2 0.7 1.3 4.0
ng 1.3
AL6 13.3
AL7 2.7 3.3 6.0
AL1L % 3.3 6.7 20.0 123.3 Y
AP psiflb| 0.25 ]0.27 0.27 o0.27 0.23 10.23 10.27 [0.28 | E+0O
ALL * G/1b 6.7 6.7 3.3 113.3 20.0 E-06
ALS 13.3 13.3 20.0 |20.0
AL8 13.3  |20.0 13.3 26.7 ]23.3
AL 6.7 6.7 6.7 6.7 20.0
AL10 ¥ 6.7
DL1 in/1b 6.7 6.7
DL2 0.5 1.0
DL3 0.2 0.3
DL4 0.3 0.7 0.3
DL5 0.3 0.3 0.7 0.3
L6 0.3 0.3
DL7 0.7
DL8 0.8 0.67
DL9 1.0 1.7
DL, 10 0.2
iDL11 1.0 1.0
ble ¥l ¥ 0.2
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TABIE IJ. DATA SIIMMARY

RUN NO. 14

MEAS. 1 yniTs

NO, 1.2582 { 2.12Hz|2.75 Hz| 3.25Hz {4.75 Hzl 5.75Hz |6.38 Hz| 6.75Hz
DL1YFLY in/lb 0.3 0.7 E-06
DL14/FIiL 0.67 0.2 0.8

DL15 0.7 0.2 0.3 0.7

DL16 2.8 5.0

DL17 ki 2.3 4.3 ¥




TABLE TI. - DATA SUMMARY
MEAS. UNTTS RUN NO, 23
No. 1.28 Hz|1.76Hz {2.08 Hz|2.4 Hz [3.84 Hz|4.96
FL1/0sc] ibs | 5,664 { 6,836] 7,226 | 8,593] 9,179 | 9,960 | E+00
vi2 w| ¥ |6,836 ) 7.812] 6,445 | 7,812 5,859 | 8,007
¥L2/FL1| 1bs/1b| 1.1 1.1 f1.15 | 1.0 |o0.75 -} 0.8
FV2 .61
FV3 ¥ 0.8
DV in/1b 0.7 0.7 E-06
DV2 1.0
DV3 2.3 2.3 2.3
DV4 2.7 2.3
AV1 G/1b 13.3
AV?2 6.7
avs ' 6.7
A 26.7
lavs 2.0 6.0
AV6 7.3
asa 5.3 13.3
AL2 9.3
AL3 4.0
ALG 53.3
AL7 6.0 14.7
AL11 i 53.3 ¥
AP pei/ib| 0.26 | 0.26 |0.27 | 0.24 jo.2 0.19 | E+00
AT G/1b 53.3 46.7 | E-06
AL S 46.7 113.3
ALS 73.3 166.7 | 60 ‘
AT9 53.3 | 60 86.7
A1,10 93.3
AT, 12 86.7
DL1 in/1b 50
D12 60
DL3 46
DLL 0.7
DL5 1.7 1.3
DL6 1.0 1.0
DL7 1.0
DL8 5.0
DLY ¥ 7.0
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TABLE II. DATA SUMMARY

MEAS. | o , RUN NO. 23 °

NO. 1.28 Hz|1.76Hz | 2.0 Hz[2.4 Hz |3.84 Hz|4.96 Hy
DL10/FLLin/1b 5. E~-06
DL11 4,7
DL12 2.0
DLL3 2.
DL14 3.3 3.3 }2. 3.3
DL15 3.0 2.7 2. 3.0
DL16 17.3
DL17 ¥ ) 19.7 4
I
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TABLE II. DATA SUMMARY

MEAS. | g RUN NO. 15

1.25 Bzl 1.5 H2 2.0 He | 2.5 B2 |2.75 mz.zs&ﬁa.w H|5.25 17,25 By

vii/osd 1bs | 4,882 | 4,687 | 3,711 {5,175 | 4,882 | 4,297 | 4,882 | 4,004 | 2,441 | E+00
vio | ¥ | 4,687 )4,297°| 3,006 | 4,882 | 4,687 {4,199 | 5,664 | 3,711 | 2,441
FL2/¥11] 1bs/ib| 1.0 11.08 | 1.0 Jo.92 [ o0.92 |o.98 |o0.98 t1.22 | 1.05

V2 1.2 | 1.2 0.69 |0.65 0.61 | 1.51

FV3 ¥ 1.47 | 1.44 0.73 |o0.77 0.85 | 1.80 | ¥
DV1 in/lb [ 1.0 1.0 E-06
DvVz2 7.0 2.2 2.2

V3 8.8 3.7 137 17.0 | 4.0

DV4 ¥ 9.8 4.0 4,0 7.5 8.2

avi | | /s 5.3 53.3 | 56.0

AV2 8.7 92.7

AV3 ' 17.3

AV 5.3 17.3 | 53.3 | 46.7

AVS 15.3 . 52.0 | 56.0
| ave 18.0

ALl 20.0 |20.0 | 20.0 46.7 | 33.3

AL 6.7 16.7 | 6.7 37.3 | 71.3 ]
AL3 8.7 6.7 | 20.7

ALG - - )
AL7 Y 16.7 |16.7 | 16.7 50,0 [ 50,0 | ¥ |
aP | |psi/ib| 0.24 0.25 |0.23 |o.22 | 0.24 |0.23 | o0.25 }0.26 | 0.23 | 400
AT G/1lb . - e E=00
ALS 16.7 |16.7 | 16.7 46.7 | 43.3

AL8 16.7 28.7

ALY ¥ 13.3 [13.3 | 13.3 ' 42.0 | 300 | | |
prl | | in/ib 1.0 |
DL2 0.7
DL3 0.7 ] ]
DL4 1.0 H n
DL5 1.0 ’ B
DL6 0.7 BN
DL7 0.7 1]
DL8 0.3 |o0.3 T
DL14 1.2 2.0 o
DL15 2.2 1.8 [ ] |
DL.16 0.5 0.8 ..,im:]l |
nm?# ¥ 0.5 0.7 ) KEI
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TABLE IL, DATA SUMMARY

lt:g‘c;as '} Units Run No. 18
) 1.12 HZ}1.44 HZ}1.60 HZ|1.92 HZ) 2.4 HZ]|2.88 HZJ3.2 HZ |3.68 HZ|5.28 HZ

FL1/osc] ibs | 4,882 | 6,836) 7,812 | 6,836 5,859 | 4,882 4,882 | 6,836} 4,882 |E + 00
r2 ¥ | v | 5,078 | 6,465] 7,421 | 5,371 4,882 | 5,273 ] 4,882 | 4,882] 6,250
FL2/FL1{ 1bs/1b{ 1.17 1.06 | 1.02 }1.03
|FV2 1.89 | 1.05 |
PV3 ¥ 3.0 1.73 ¥
DVi in/lb [12.7 9.5 8.7 E - 06
DV2 30.8 9.3 |9.7 9.0
DV3 14.7  [15.3 9.7
DV4 ¥ 16,2  |16.7 11.0
Av) ¢/ib | 8.0 '
AV2 11.3 11.3
AV3 20.0 21.3
AVY 10.7
AVS 12,0
AVG 22.7 26.7
AL1 33.3
AL2 10.7
nZ£3 10.7
AL6 3.3
AL7 ' 26.7
AL11 ¥ 2.7

AP psifib] 0.27 | 0.23 { 0,18 0.2 | 0.2 | 0.21 }0.23 | 0.18 | 0.23 |E + 00
AL G/1b 6.7 E -~ 06
AL5 ' 23,3 23.3
ALB 40.0
AL9 26.7
AL1O 2.7
ALL2 ¥ 2.0
DL1 in/lb 1.7 1.0
DL2 2,0 1.0
DL3 1.5 0.8
DL& 6.0
DLS 6.0
DL6 3.3 _ 2.3

-—L DL7 3.3 . 2.3

L8} 1.3
o vl ¢ 1.2 ¥




% o]
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TABLE 11, DATA SUMMARY

Meas. Units Run No. 18

No. 1.12 82} 1.4482 1.6 571,92 12]2.88 Hz| 3.2 HZ|5.28 HZ

DLIOELL) in/lb 0.7 E - 06

DLil 1.0

DL12 0.7

DL13 1.0 0.8

DLL4 | 15.0 20.3  |14.7 8.3

DL15 13.3 17.5. 112.3 7.3

DL16 |- 4.0

DL17 § 3.7 . ¥
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TABLE II, DATA SUMMARY

YTCR RUN NO. 19 - |

NO. 0.75 Hz| 1.0 Hz |1.25 Hz|1.5 Hz |1.75 Hz§2.0 Hz [2.25 Hz|2.5 Hz |2.75 Hz

FL1/0SC| -1bs | 3,515 | 4,687 ] 7,519 | 8,983 8,983 | 9,277 7,617 | 9,374] 11,132] E+00
FL2 4 Y 3,906 | 5,371} 6,836 | 9,081)] 9,179 | 8,788 7,128 | 9,081} 11,132
FL2/FL1} 1bs/ib) 1.13 | 1.15 | .98 1.08 | 1.0 1.2 .91 .93 .98
IFv2 1.81 1.33 0.77 (0.8 0.75

FV3 1.16 0.88 0.53 |0.53 0.53

DV1 in/1b 17.7 ] 18.8 21.7 E-06
DV2 36.7 36.7

DV3 18.7 | 21.7 16.0

DV4 ¥ }21.3 | 25.0 19.7

AV G/1b 11.3

AV2 14.7 16.0

AV3 24.0 25.0

AV 12.7 35.3

AVS 11.3 22.0

AV6 21.3 |} 24.0

A1

AT,2 6.7

AT.3

AL6 ]
AT, 7 ¥ 28.0

AP psi/lb{ 0.23 | 0.18 [0.26 | 0.22 [0.14 | 0.21 {0.18 | 0.23 {0.21 | EH0O
AT G/1b 13.3 7.3 7.3 E-06
AL 5 26.7 43.3

ALS 38.7 26.7

AT.O ¥ 25.3 43.3

11 in/1b | 3.3 3.0 3.3

NT.2 3.0 3.7

DL3 o 2.2 2.2 1.7 1.2 | 0.83

DL 2.5 8.7

DL5 2.0 9.0

DL6 0.7 9.5 6.2

DL7 1.0 9.8 6.3

DL8 7 2.0

DL9 2.3

DL10 2.2

DL11 1.5

DL12 ¥ 0.8 ¥
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TABLE II. DATA SUMMARY

RON NO. 19

MEAS. | nrms Cdl
NO. 0.75 Hz| 1.0 Hz {1.25 Hz|1.5 Hz |1.75 Hz|2.0 Hz §2.25 Hz| 2.5 Hz|2.75 Hz

DL13/FI{i in/lb 0.7 0.8 1 E-06 -
DL14 20.0 44,3
DL15 18.3 £1.7
DL16 6.0 6.7
DLi7 § ¥ 5.8 5.7 é

:
3
i




TABLE II.38DATA SUMMARY
MEAS. | oo b RUN NO. 19
NO. 3.25 Hz| 3.5 Hz|3.75 Hz
FL1/08¢ 1bs 8,398 {10,644| 8,886 | E+H0
FL2 %7 9,570 | 9,277 } 9,570
FL2/¥L1| 1be/1bj .97 .95 .94
FV2 1.0
FY3 v 0.64 ¥
AV G/1b 46.0 E-06
Av2 19.3 | 21.3
AV3 18.0
AL 40,0
AVS 18.7
AV6 17.3 16.7
AL 36.7
AL2 26.7
AL3 10.0
ALG 5.3
ALY ¥ 22.0 ¥
AP psifib] 0.26 ]0.18 ] 0.2 E+00
ALS G/1b 8.7 E-06
DL4 in/1b 7.1
L5 6.8
DL6 6.0 5.0
DL7 5.8 5.3
L8 ¥ Y 1.0 ¥
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TABLE II. 9D.JFL'.[‘A SUMMARY

%As, INTES RUN NO. 20

. 0.75 Hz}1.0 Hz |1.25 Hz|1.5 Hz |1.75 Hz|2.0 Hz [2.25 Hz|2.5 Hz{2.75 Hz
Fri/oscl 1bs | 3,711 | 4,590 5,859 | 7,421] 9,960 |10,448 | 7,519 | 7,031] 9,960 | E400
L2 § Y 4,687 | 5,8591 8,203 1 7,714 10,54619,765 1§ 5,859 | 7,031| 9,765
FL2/FL1| ibs/1bg 1.25 | 1.1 | 1.2 1.0 1.0 lo0.95 {o0.85 | 0.95 {0.95

FV2 1.57 1.63 ' 0.93

FV3 ¥ 2.93 2.64 1.47 ¥
DVL in/1b 24.7 25.3 | 26,7 E-06
DV2 36 26.7 27.3 | 28

DV3 15.3 22.5 10.3 10

DV4 ¥ 17.3 26.3 12.3 13

AV1 ¢/1b | 10 13.3 . 43.3

AV2 _|16.7 20

AV3 : 16.7 23.3

AV 16.7 16.7 26.7 36.7

AV5 16.7 } 16.7 20 23.3

AV6 20 26.7

AL 16.7 40 36.7 |36.7 | 30 40

AL2 6.7 10 10 23.3

AL3 10 13.3

ALG 6.7 6.7 )
AL7 ¥ 16.7 36.7 ¥
AP psi/ib| 0.29 | 0.23 |0.24 | 0.22 }0.21 |0.22 Jo0.22 | 0.23 | 0.22 | E+00
AL ¢/1b | 10 10 10 6.7 E-06
ALS 33.3 | 33.3 43.3

ALS 16.7 13.3 13.3

ALS ¥ 53.3 40 | s6.7

DLl in/lb | 1.7 2.0

DL2 1.3 2.3 ,

DIL.3 2.0 1.0 | 1.0

DL 2.2 7.0 | 7.5 8.3

DL5 1.7 7.5 | 7.5 8.0

DL6 1.0 8.3 | 8.0 7.7

DL7 1.0 8.7 | 8.7 7.5

DL8 2.2

DLS 2.3

DL10 2.3 1.7

DLL1 2.0

p1.2 ¥ 0.7 0.7 | . 0.7 ¥
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TABLE IT, DATA SUMMARY

MEAS., RUN NO. 20 -

vo, | 0.75 Ha}1.0 Hz {3.25 Hz|1.5 Hz |1.75 Hzf2.0 ﬂgjg;gsAgg_g.s Hz |2.75 Hz
DL13/FLi in/lbg .7 .7 1.4 - .7 E-06
DL1& 25 39.7 41.7
DL15 24 36.7 37.3 | 37.7
DL16 8.3 8.3

iz ¥ ¥ 7 5.83 ' ¥
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TABLE II, DATA SUMMARY

s, | oo RUN NO. 20
NO. 3.25 Bz} 3.5 Hz |3.75 He
rL1/ose] 1bs | 9,179 | 9,570| 9,765 | Eto0
riz ¥ 9 7,812 9,570 8,503 '
FL2/7L1] 1bs/1bq 0.85 | 1.1 |o.8 v
Dvi in/lb } 15 10.7 E-06
V2 17.7
DV3 6.7
DV4 v |7.0
avi | e/ | 43.3
AV3 20
AV, 40
AVS 20
A2 23.3
AL3 10
ar6 10
AL7 56.7 ¥
ap | |psi/ivlo.19 | 0.2 [o.18 | EH0O
G/1b 10 E-06
" |pL4 in/1b 6.0
DLS 6.7
DL6 6.3
DL7 6.7
DLS 0.8
DL9 1.3
DL10 1.0
priz¥ | v | o.7 ¥
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TABLE 11 DATA SUMMARY

MEAS,

RUN 30
No, UNITS [ Souz
71.3/0SCl _1bs |6,054 tE+tQ0 f | __ .} |
4/08 1bs_| 5,566 | E+00
| FL6/FLY 1bs/1bs 0.9 | E+QQ
Fy2 ibs/1lbs| 0.87 | E4QO
PV lbe/lbsl 1.4 | EH00
ALG G/1b 40,0 | E~06
AL11Y Jg/1b 43,3 | E-06
Ap | Ipsi/ib | g 99 | mng
ALL G/1b 66.6 1 b= 060 |____ ]| __ - _
AL5 G/1b  _ | 20.0 | E-06. -
AL8 G/1b 50,0 ) E-06
ALO G/1b 33.3 _| E~06
AL10 | J6/1b 33.3 | E-06
AL12 | 16/1b 33.3 | B-06
DL1 in/lb 15.0 | E-06
DL2 inflb | 16.6 | E-06
4pL3 ¥ lin/1b 6.3_1 E-06
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TABLE 11, DATA SUMMARY

MEAS. RUN 46
NO. UNITS |,y
Fvi/osd 1bs {12,792 | E+00
HZLEEM_MLLQ% 2.86
V4 ¥ 3.66] ¥
DV1 in/1b 31.5 | E-06
DV2 36,3

DV3 17.5

DV4 ¥ 18.5

AV1 G/1b 8.0

AV2 8.0

AV3 8.0

AVL 8.3

AV5 8.7

| AV6 8.7
ALL 5.7

AL2 6.3

AL3 5.7

AL7 2.3

oL3 | lin/1b 1.3

DL&4 1.3

DL5 1.3

DL6 0.7

DL7 0.7

DL9 0.5

DL12 0.3

DL14 21.8

DL15 ¥ 21.0 ¥

o e LRI I TR
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1.0 IWTRODUCTION

This document defines the detailed requirements for conducting
sinusoidal vibration tests on an 80 ton open hopper railroad freight
car., The test program consisté of obtaining transfer function data
from vertical and latera. ewcitation of the test article for compari-
son with analytical data.

1.1 Test Objective - The objective of the transfer function test

is to obtain-data for the validation of the freight car nonlinear elas-

tic model.

2,0 DESCRIPTION OF TEST ARTICLE

The test article is an L&N RR model M-042-174 freight car with
ASF 11 trucks. Details concerning the test article general arrange~
ment can be found in Figure 1.

2.1 Test Configuration - The test specimen will be loaded with 80
ton of coal. One truck éssembly will be supported by four individual
lateral slide plates at each wheel location which will be coupled to
the test f£loor through load cells or spacers as required. The other
truck assembly will be supported such that the entire assembly is parallel

with the facility floor. This test setup is illustrated in Figure 2.

3.0 TEST LOCATION AND FACILLITY DEFINITION

The test will be conducted in the structural Laboratory Low Bay area
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of the General Purxpose Laboratory. Test support equipment will be
located in the enclosure near the test setup to afford this equipment
maximum protection., The necessary utilities to accommodate the test

support equipment will be furnished by the test facility.

4.0 RESPONSIBILITIES AND SUPFPORT REQUILREMENTS

4.1 Environmental Laboratory (0434) - Provide two hydraulic shaker
systems, instrumentation, data acquisition/reduction equipment, test
procedure, data report and post-test procedure update.

4.2 Structures Laboratory (0436} - Provide facility, hydraulic

pump and plumbing, shaker supports, truck support and slide plates,
wheel load cells, shaker load cells and attachment and displacement
transducers and installation.

4.3 Dypamics (0433) -~ Provide pre-test analysis, test requirements
document, post-test requirements document update, £inal test report, and
analytical model validation.

4.4 Safety - Insure personnel safety.

5.0 TEST REQUIREMENTS

5.1 Test Description ~ Lateral excitation will be applied to the

test specimen simultaneously by two 10,000 force-pound hydraulic actua-
tors. Input force levels will be automatically controlled by peak
selection between each actuator. Vertical excitation will be applied

using a single actuator. Sinewave sweep tests will be conducted from
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0.5 to 50 Hz at 2 octave/minute and at three peak force levels, 2000,
5000 and 10,000 pounds respectively. The above force levels will be
limited by actuator maximum displacement and force capability (max.
displ. 2" d.a., max. force approx. 10,000 pounds-peak).

5.1.1 Lateral Tests ~ Excitation will be applied separately
in the (¥) direction at the axles of each wheel set and in the (X)
direction at the forward axle of one truck as shown in Figure 2. Tests
will be conducted with the actuators both in phase and 180° out of phase
for the (¥) and (X) direction tests. During these
tests, vertical wheel forces will be measured at wheel positions 1 and 2
for (¥) and 1 and 3 for (X) direction tests as shown in Figure 4.

5.1.2 Vertical Tests - Excitation will be applied vertically

at the freight car side frame in the middle of the car body as shown
in Figure 2. Tests will be

conducted while monitoring wvertical wheel forces at wheel positions 1
and 3, respectively (see Figure 4).

5.2 Instrumentation and Data Acquisition ~ Instrumentation locations

and measurement numbers are illustrated in Figures 3 and 4 and listed in
Table I. The total number of transducers which will be recorded on mag-

netic tape are as follows:

Force Gages (Load Cells) 4
Accelerometers 18
Displacement Transducers 21
Differential Pressure 1

In addition, movie camera coverage of truck/car motions will be required.

5.3 DPata Reduction - Data reduction will consist of obtaining

transfer function plots as required using the input force at one actua-

tor position as a reference. Selected oscillograph data will also be

required,
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R 6.1 Test Data Report - A test data report will be issued 30 days

after the completion of the data reduction. This report shall include,

but not be limited to, the following:

e

b.

Transfer Function Plots,

Photographs of the test setup and instrumentation locations,
Movies of car/truck motiomns,

Test log,

Instrumentation Log Sheets (calibrations,channel and trace

identification, etec.).

6.2 Data Retention - All quick look data, tapes and logs will be

retained for 18 months after test completion.



§1 EHV TVAIDIO

KIFIVOD 004 0

5,{;!- *4& Ir. .
- o

e am = mmem e ——ma et nies mmemm o o

r T ; 1 e ': r; r E 8 :
. H ! : ' i -

) . 1 . ]
S RS
T e i i o ok
- I L iyl i )
I a4 :‘.., _-.-._-!- ..f_‘.'n.- -__i- - P *

GENERAL CAR CATA

228" LEMNGTH INSIDE _ .

. B OrERALL
0 5% OEE

9. ?_:74" INQIDIE Wirors

EO-ToN HOFPPER cazs

X
12V |
— 8'53 2 v-- J/2-8 Zon — '
= :3 ..Tnut?egu,—eﬁp: . _94‘ 5/4
.- - -42- ;o,é" OVER END 3L s DOoR Lock's - ENTERPRUSE SCHEDULE 2303-6
e .. - 43- 9 CVEL STOIRESS

4Gi4 Ly Pt NG FACE OF cau,az.s.é's

B2-TON

o - o TRUCK DATA o
Gon. ar-zngurumt M- g 2- 17 4 _ Copr.Ca ® 29 Nz, /40 Topw 4 -3 86t Bear 5 DI -C 57";,':':51,' {
Tt tonigeonn B-g0g 2 7/ Wah i3 Hean Ty Fr. F200 Dwrg. Cosy LK /Y lovemats .?dé;ffffﬁf?/ﬂéﬁ
Ak Liags HT Tetol Cepy. Cu. Fr

L8N Equip. Code 218

Builr By p-s 7 Lot 9535
Euilt or Rebit, 0#7} NOV, f97/_
Tuben ?lan

Citarznce Flat 3

Cotve M gotiomilitg—win 404 gar
Average U WA 53. 209-"'-'
Avorage L Lot /6& ,‘!ﬂa#

Center of Gravity £-44-8

Air Brm\cs /-'.'JJ /012
Broke Regalate: UN/VEI?.‘EQL '90-9 "G
tod 8rae SEE AOTE /.

Crinur ey

s H-EGOB-HT

Y] 3‘?4!9‘#7-

schs C.W MRES0

Sl gy 54372

Puck Seon & 7, 507 F5'433'¢

" kn. Zod Hopper Cu. F1.
C_:'nu_:r FHapper Cu, FY

. No, Lagirg Anchers
-7 an

w1, 3860’* Bow! Bia. Yl
Wieols 33 W CAST 574,
Side Frame FS- 4794

-‘k_-cr Bu!sre' F5~, "4- /é 3‘;‘:?2 od
Fleor Ct:r.- ’ ow! Wear Plars

Pimieg 8 d0 or invergr Ers' fevsr Rong

Liring £-d Live lever & A " MBE x

Nn. DF Bebrg

Doodtoverd Y /LT HBSF

Movanic Bohheads
Na Cho r Tiy Downs o\.m'r'd - D-5

Sruke: Post 215 Per Side ree @ .D"‘.S

P-S ) Seicious - "'d-.‘-.. AND D-5
Shae Asoroer

SE e TE,
22E 7O

TRUCK SPRINGS PER TRUCK

Grwes = Dam,
Rune ¢

Seszinge ey 57RGS. PER TRK.

B ASF DG 54222

B L T wr
tiop Envs Side !

Colud 3 i Crndles

- .3
Eriete-- Castirg

Bonum !od/ﬂﬂﬂfﬂ?)/ﬂﬂ/-:?gﬂ;ﬁ”, .

Ped adonrer F5-428.2,£' '{744’
CAxs BYX T S

Brake fuon W8 L5 K, Unvir
Broice Sirqes 4,4*? H"‘¢ A

Tri Mount d Brokes

oy v

M'SCELLANEDUS
LnivERSAL 1 /BGROO-/86399
A eASING  180400-/B64299
2. S50 CARS FIPPEDWITH
Mfk’?’&'& TRCK BOLSTERS
LEFFEE 1-12-73 FHEF0-2 F 208
Parr. FS-quzeze.

i

i
|
I

300 180200~ 186499

[ M)

Lary | CaF GLRIES

L&NR R CO.

MECH, ENGINEERS OFFICE
LTL. 5L E Y.

m y) o) (f c, j\\u)n b,;hm-)eaci
LENEE waY w.rsn.‘l.,._.‘ Lowisalle 20t

BELL L

o T et

’ 1

- FIGURE 1. TEST ARTICLE GENERAL CONFIGURATION

(3



CONTROL

///‘ ROOM
TAPE

" RECORDERS
SYSTEM

SHAKER

CONTROL
CONSOLE

L"TD-1923

COMPUTER

— 1
! q‘/EbNDITIONING
I

DI SPLACEMENT
XDCR (LVDT)
SLGNAL
CONDITIONING

S.G. SIGNAL TEST

HYDRAULIC
ACTUATOR
LATERAL
SUPPORT
ACTUATOR TYP, 2 PL,
LATERAL =y
2 JEEEUATOR
LOCATION VERTICAL
(Y¥) DIREC- TEST
TLON LOCATTON
4 (Z) DIRECTION
i N
ACTUATOR,
LATERAL WHEEL
TEST POSITION
(X) DIREC-“ PLATES NUMBERS
TLOM TYP, 4 PL,

SN
v"/\ <7

M s/ :@ Q IQHQ 2!
HYDRAULIC /
ACTUATOR LOAD CELL TRUCK
VERTLCAL SUPPORT
SUPPORT TYP, 2 PL, SPACER

SEE PARA TYP, 4 PL.

5.1.1 & 5,1.2

R FIGURE 2. TEST SETUP AND CONFIGURATION

11V




CONTROL
ROM

€
LEFT SIDE l

AV] AV2 AV3
. G)[] FV1 :
i
1
FORWARD END |~ — — — — —/1— — — 7™ 7™ T
o s — —— bt — ——— Sv—— — et — — i
AVL (o AVS (= AVe
) RIGHT SIDE
ALY AL2 AL3
1
i
I AV
AV4 AV5 AV3
AVl (OPP, SIDE) (f)sz (OPP, SIDE) g
1 =) AT A3 (-

1O '

FVi (OPP, SIDE)

R FIGURE 3. CAR INSTRUMENTATION LOCATIONS
AND MEASUREMENT NUMBERS

O O

(OPP, SILDE)

v



Al3

Py
ALS FL1 7 AL fL2 FORWARD
Yoo FL3 | TRUCK
ALb =1 ALG i AT8 - ASSEMBLY
DL14
L1 —3 J—ﬁ;gé%nLa J_ vlrﬁﬁf— DLS5
WHEEL 1 1-1 Fva 121FV3 B
f] \_f;: 7 Y \ 7 VHERL 2

RECORDED —/ |- \— RECORDED

FOR ALL  FOR (Y) DLREC-

TESTS TION TESTS

2 '

RECORDED .

FOR X AND

Z TESTS \

AL
WHEEL 3 IS Ve A - [ L 4
017 —§ Tf; [an ) % {or7 - .
L Lo L 1
<a{:‘=Lq_ ATIT ‘«e~—4 t iz *4:;J

7 ™
gi?o(OPP' SIDE) z DV1(OPP. SLDB gigl\OPz. SIDE)
/////r-nvz

Y
fh- ._ . lll \‘.1.",

,,,,///// e '

2 \-DL12 (OPP, SIDE) 5

DL13
FV4 FV3 (0vP, SIDE)
FV2 (OPP. WHEEL)
NOTES: DL1,2&3 ARE RELATIVE DLSPL, OF BOLSTER WRT CAR, ALSO DV3 & DV4.

DL4 THROUGH DL11 ARE RELATIVE DISPL. OF SIDE FRAMES WRT AXLE,

DV1, DV2, DLi2 & DL13 ARE RELATIVE DISPL, OF BOLSTER WRT SIDE FRAMES,
ALSO DL14 & DL15,

DL16 & DL17 ARE RELATIVE DISPL, OF SIDE FRAMES WRT WHEELS 1 & 3
RESPECTIVELY,

TRUCK INSTRUMENTATION LOCATIONS
AND MEASUREMENT NUMBERS

R FIGURE 4.




Alg

R ) TABLE I. TEST MEASUREMENT SUMMARY
MEAS., TRANSDUCER PURPOSE OF SENS .
NO. LOCATION MEASUREMENT AXTS
AV Car Left Side, Fwd. End To Meas. Car Vert. (Z) & Z
AV2 , Middle Roll (TX) Acceleration
AV3 , Aft End
AV4 Car Right Side, Fwd. End
AVS , Middle
AV6 , Aft End
ALL , Fwd. End To Meas. Car Lateral (Y) b4
AL2 » Middle Accelerations
AL3 , Aft End é
AL4 Axle, Opposite Wheel 1 To Meas., Axle, (X) & (TZ) Accel. X
AL5 § , (¥) Accel. -Y
AL6 Bolster, Left Side To Meas.; Bol., (X) & (TZ) Accel. X
AL7 ? , (¥) Accel. 4
ALS Axle, Opposite Wheel 2 To Meas. Axle, (X) & (TZ) Accel. X
ALY ¢ ., () Accel. -Y
AL10 Axle, Opposite Wheel 3 , (X) & (TZ) Accel. X
AL1L Bolster, Right Side To Meas. Bol., (X) & (TZ) Accel. %
AL12 Axle, Opposite Wheel & To Meas. Axle, (X) & (TZ) Accel.
DVl Btwn. Bol. & Side Frame L. Side To Meas. Rel. Displ. (Z)&(TX) of YA
DV2 Rt, Side Bolster WRL S5ide Frame
DV3 Btwn. Bol. & Car Left Side To Meas, Rel. Displ. (2) &
DV4 Rt. Side (TX) of Bol. WRT Car
DL1 Btwn. Bol. & Car Left Side To Meas. Rel, Displ. (X) & (T2) X
DL2 Rt. Side of Bol. WRT Car v
DL3 Center To Meas. Rel. Displ. (¥) of Bol. Y

WRT Car

DL4 Btwn. 8. Fr. & Axle,Wheel 1 To Meas. Rel. Displ, (¥) of
DL5 2 Side Frame WRT Axle
DL6 3 é
DL7 4
DL8 i To Meas. Rel. Displ. (X) of X
DL.9 2 Side Frame WRT Axle
DL10 3
DL11 4
DL12 Btwn. Bol. & Side Fr. L. Side To Meas. Rel. Displ. (X) & (TZ)
DL13 Rt. Side | of Bol. WRT Side Frame ¥
DL14 L. Side To Meas. Rel. Displ. (Y) of Y
DL15 Rt. Side Bol, WRT Side Frame v
FVi Btwn. Actuator & Car L. Side To Meas. Vert. (Z) Input Force A
V2 Btvm. Wheel 1 & Facility Floor To Meas. Vert. Force @ Wh. 1
FV3 2 % 2 é
FV4 3 3
FL1 Btwn. Actuator & Axle,Opp. Wh. 1 { To Meas., Lat. (¥) Input Force Y
F1L.2 2 g
FL3 1 (X) X
FL4 3 ¥ g
DL16 Btwm, S. Fr. & Wheel 1 To'Meas. Rel. Displ., (¥) & (TZ2) off ¥
DL17 Wheel 3 S. Fr. WRT Wheel @ f@
AP Actuator No. 2

To Meas. Diff. Press, Across Act. Piston
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#NOTE: paragraphs denoted with an '"R" have been revised from the
initial document release,
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1.0 SCOPE
This procedure provides the necessary information and detailed
operations required to conduct the transfer functiorn vibration test on
an 80 ton open hopper freight car.
1.1 Objective - The objective of the transfer function test is to obtain
data for the validation of the freight car nonlinear elastic iwodel.
1.2 Summary ~ The test configuration, handling, test facilities,
test operations, and data acquisicion/reduction activities necessary to
meet the conditions of the test requirements document (TS-005-TF) are

delineated herein.

2.0 TEST CONFLGURATION

The test article will be setup as illustrated im Figure 7.1.

3.0 SUPPORT REQULREMENTS
3.1 Handling Fquipment - The support equipment necessary to move
the freight car, shakers, and coal is listed in Table 8.l.
3.2 [Test Equipment - The support equipment necessary to conduct the
test is listed in Table 8.2.
3.3 Reference Documents -
3.3.1 P74-48338-1, "Track~Train Dynamics Analysis and Test
Program," Update
3.3.2 TS-005-TF, "Track/Train Dynamics Test Requirements
Document, Transfer Function Test"
3.3.3 LAB 1007302, "Track-Dynamic Analysis GVS and Transfer

Function Test"



B7

3.3.4 LAB 0212205, Sinewave Vibration Control Standard
Operating Procedure
3.3.5 1923-5017, Time/Data Sinusoidal Vibration Control
Manual
3.4 Facility Requirements -

3.4.1 115 VAG, 60 Hz, 1 @

3.4.2 440 VAC, 60 Hz, 3 @

3.4.3 Hydraulic Power Supply

+

4,0 SPECIAL CONSIDERATIONS

4.1 Cautions and Warnings - The description appearing within a
CAUTLON or WARNING precedes the information that it is intended to em-
phasize. A CAUTION is used to prevent personnel from damaging equipment.
A WARNING is used to prevent test personnel from endangering their safety
or that of others. Each step of this procedure shall be read completelv
before proceeding with the action.

4.2 Test Discrepancies - A test dir~repancy shall be logged and

reported when test performance and/or re: 1lts are affected.

4.3 Safety - MMC supervision are directly responsible for the
safety of all personnel, safe working conditions and the implementation
of all safety requirements applicable to thié procedure.

4,.3.1 All test team members are responsible for adhering to
normal safety standards and procedures. They are also respon-
sible for advising of any unsafe acts or conditions observed

during preparation for or during conduct of this procedure.
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4.3.,2 Personnel safety will be notified 24 hours prior to the
official test start date. This test is classified as having
non~destructive potential.

4.4 Procedure Changes ~ All changes to this procedure will be

documented and added to a post-test procedure update.

4.5 Test Personnel

Code Description Quantity
D Technical Director 1
TE Test Engineer 1
. MT Mechanical Technician i
ET Electronic Technician 1
SF Safety 1

4.6 Test Log ~ A test log shall be maintained during the test and
shall contain information for a complete historical chronological des-
eription of test activities.

4.6.1 Instrumentation setup sheets shall be maintained and
form part of the test log.

4.7 Test Data - Provision shall be made to retain all test data
for a period of 18 months after the test completion.

4.8 Test Control Board - A test control board (TCB) shall perio-

dically monitor test activities and shall consist of the following

personnel:
Name Title Function
G. Morosow Project Manager (MMC) Chairman
P. Abbott Technical Director (MMC) Member
J. Macpherson Technical Representative Member

(NASA/MSFC)
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STEP
__NO. . .|

5.0
5.1

5.1.1
5.1.2

5.1.3

5.1.4
5.1.5
5.1.6
5.1.7
5.1.8
5.1.9

5.1.10

5‘2

5.2.1

RESPONS-
IBILITY

CK

ACTION

REMARKS

MT,ET

ET

ET/MT

ET/MT

ET

ET

TE/et al

OPERATIONS

Preparations

Position the freight car in the
facility per drawing LAB 1007302.

Install hydraulic power supply near
actuator test positions.

Install aft truck support, forward
slide plates and load cell/spacer

assemblies per LAB 1007302. Locate
load cells under wheel 1 and 2 per
Figure 7.3 and measure static load.

Install actuator suppori fixture per
LAB 1007302,

Install actuators for (¥) direction
tests per Figure 7.1.

Install instrumentation in the loca-
tions identified by Figures 7.2, 7.3
and Table 8.3. Record data in Table
8.4.

Setup actuator system and data acqui-
sition/reduction equipment as shown
in Figure 7.1.

Connect and route all interconnectiag
cables and plumbing per Figure 7.4.

Verify data acquisition equipment

operation, tap check transducers,

record full scale calibrations and
log information in Table 8.4.

Load sine control program in computer
end verify operation per Time/Data
manual.

Detailed Operations

Perform a 2000 lb-pk sinewave sweep
from 0.5 to 50 Hz controlling FL1 and
FL2 per LAB 0212205 and record all
data channels.

Wh. 1 - 25,939

1bs

Wh. 2 - 25,755 flbs

Control Abort

Tol. * 3dB




BlO

STEP RESPONS-
REMARKS
NO. IBILITY ck ACTION
5.2.2 |TE/et al Perform a 5000 1b-pk sine sweep from Limit Actuator
0.5 to 50 Hz controlling FL1 and FL2 Displ. to +2"
per LAB 0212205 and record data. D.A, & Vel. to
8.3 "/sec.
5.2.3 |TE/et al Perform a 10,000 1b-pk sine sweep from| Limit Actuator
0.5 to 50 Hz controlling FL1 and FL2 Displ. to 42"
per LAB 0212205 and record data. D.A. & Vel. to
Also, take movies of car/truck motion.! 8.3 "/sec.
5.2.4 TE — | Load transfer function program and
plot selected data per TD,
5.2.5 |[TE/et al Load sine program and repeat steps
5.2.1 through 5.2.4 with the actuators
in phase.
5.2.6 MT Photograph test setup and actuator/
transducer locations.
5.2.7 MT Install actuators for (X) direction
tests and vertical load ecells per
Figures 7.1 and 7.3.
5.2.8 |TE/et al Repeat steps 5.2.1 through 5.2.6,
.| except control measurements FL3 & Fl4,
5.2.9 ME Photograph new actuator locations
5.2.10 MT Install a single actuator for (Z)
direction tests per Figure 7.1.
5.2.,11 {TE/et al Load sine program and perform steps
5.2.1 through 5.2.4, except control
measurement FV1,
5.2.12 MT .t Photograph actuator location.
5.2.13 ET Complete data reduction per ID.
5.3 Post-Test Review
5.3.1 TCB Perform post-test review to verify

test objectives & terminate test.




.~

g

Bll

e et o4 ACTION

5.4 Post-Test Disassembly

5.64.1 |MT/ET |__ | Remove all instrumentation, actuators
and fixturing.

5.4.2 MT ___ | Unload coal

5.4.3 TE Prepare data package containing logs,

setup sheets, photographs and data.
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6.0 ABBREVIATION AND ACRONYMS

Calib.
Cap.
CIC
Ch.
Ck.
co
ET
FS
Meas.
Mfg.
MMC

MSFC

NASA
No.
O-Graph
Osc.
Qty.
QUAD
Sens.
SF

SW

TCB

TD

Calibration

Capacity

Control Data Corporation
Channel

Check

Coincidence Component
Electronic Technician

Full Scale

Measurement

Manufacturer

Martin Marietta Corporation
Marshall Space Flight Center
Mechanical Technician
National Aeronautics and Space Administration
Number

Oscillograph

QOscillator

Quantity

Quadrature Component
Sensitivity

Safety

Switch

Test Control Board

Technical Director



TIE
ITY
Typ.
U-D

XDCR

B13

Test Engineer

Teletype Terminal

Typical

Unholtz~Dickie Corporation

Transducer



CONTROL

/ ROOM
TAPE

I

_C

/" RECORDERS &
SYSTEM

S.G. SIGNAL
CONDLTIONING

SHAKER

CONTROL
CONSOLE
L~ TD~-1923

COMPUTER

HYDRAULIC /

DILSPLACEMENT _

XDCR (LVDT)
SLGNAL
CONDLTLONING

HYDRAULIC
ACTUATOR
LATERAL
SUPPORT

ACTUATOR TYP. 2 PL.

LATERAL —— 'O)

TEST > < ACTUATOR

LOCATION VERTICAL

(Y) DIREC- TEST

TILON LOCATION

A (Z) DIREGTION

ACTUATOR - -

LATERAL \WHEEL

TEST JHEEL SLIDE POSITION

(X) DIREC-“ PLATES NUMBERS

TION TYP. 4 PL,

i Z
FORWARD —*

«— AFT END

‘{iggg CELL

ACTUATOR

VERTICAL

SUPPORT TYP, 4 PL.
SEE PARA.
3.i.1 & 35.1.2

\ TRUCK

SUPPORT
SPACER

TYP. 4 PLI

R FIGURE 7.1 TEST SETUP AND CONFIGURATION

71d
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X AVS (OPP. SIDE)
¥ ]
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==l !
R FIGURE 7.2 CAR INSTRUMENTATION LOCATIONS

AND MEASUREMENT NUMBERS
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~ L2 FORWARD
ALs e ALY ;_‘ TRUCK
AT4 o pieT anef = AL8 4—{4 ASSEMBLY

DL16 —} T DLz BRRe
— e
WHEEL 1 J o] FV2 2 rvs N e o
T Y 65 A e
RECORDED -/ . \- RECORDED
FOR ALL , FOR (Y) DIREC-
TESTS ¢ TION TESTS
FORWARD it e o
AFT END
END
RECORDED 7
FOR X AND
Z TESTS .
et
WHEEL 3 '\ (o1 Fys
- pad 14 (e
F . i
AL10 <—{;qi_’_ffZ—AL11 E | B
CENTE& PIN
EE?OLOPP. SIDE) A2 DV1(0PP, sTpgy LS (OPP. SIDE)
////-sz
i 7

DL12 (OPP. SIDE)
DL13

FV4 FV3 (0vl, SIDE)

FV2 (OPP. WHEEL)

NOTES: DL1,2&3 ARE RELATIVE DISPL. OF BOLSTER WRT CAR, ALSO DV3 & DV4
DL4 THROUGH DL11 ARE RELATIVE DISPL. OF SIDE FRAMES WRT AXLE
DV1, DV2, DL12 & DL13 ARE RELATIVE DISPL. OF BOLSTER WRT SIDE FRAMES,

ALSC DL14 & DL15
DL16 & DL17 ARE RELATIVE DISPL. OF SID: FRAMES WRT WHEELS 1 & 3

RESPECTLVELY.

R FIGURE 7.3 TRUCK INSTRUMENTATION LOCATIONS
AND MEASUREMENT NIMBERS
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' DISPLACEMENT 34 EA,
S Pl TRANSDUGER :

' 21 EA. A :
o R 3 CHANNEL .
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1 GAGE - ! v
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FORCE LOAD
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'; RO é : AP
HYDRAULIC - T
=F'L' ACTUATOR = [*§

] 2 EA.
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4; 100 CH, FM/FM
"1 MULTIPLEXER
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TAPE
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10 CHANNEL -
TIME DATA NIRO DE-MUX
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CONTROL & T
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R Table 8:1 HANDLING EQUIPMENT

T DESCRIETION MFG/MODEL NO. |{QTY.

1 Facility Cranme (20,000 1b. Cap.) P&H - 1
2 " Facility Handling Slings and Harnesses MMC. - As.
: Tnesses - _ Reqta

3 Hydfaulic Jacks (100 Ton) | Regént 2

& Coal Comveyor System '  P&D 2

5 | Goal Trucks - 2
6 | Hydraulic Jack (50 Ton) Merrill .
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© TTEM

NO.

R Table 8.2 TEST EQUIPMENT

DESCRIETION

MFG. /MODEL NO.

QrY.

10

‘11

12
13
14

16

17

18
Cg
90

”._.c21

L 22

. Computer (Shaker Control & Data Analysis)

‘| Shaker Gain Control & Monitor Console

Servo Amplifier
Hydraulic Accuacqc
Hydraulic Power Supply

Actuator Support, Slide Plates & Truck
Support Assemblles

Automatlc Bypass Valve
Accelerometer
Accelerometer

Accelerometer

‘Displacement Transducers -

Load Gell'

| Force Gage

Charge Amplifier

‘Brigge Auplifier
. Summing Amplifier

”, Tebe"Reccrﬁef (FM/EY)

Mnltiplexer

fbé;-’mgf. = |
' Cable {100 foot mlnl-nolse)

: Equlpment Interconnectlng & Power Gablesf"e'f

Hydraulic Plumbing - -

‘U-D/75 D 21 -

Columbia/302-2

Time Data/1923 -
30V

MMC
MMG
Moog

Dennison

MMC/LAB 1007302

Annin

" Statham/A5a-2.0.

5.0,10.0~350

55-107 G L. Goll
88-105 - ”
Strain- sent
Universal

MG
Kistlexr/505M111
..Dapa

~ Dana
: Honeywell

::Viderf'

J Vidar o |

" Microdot

—t .

IS
2

10

34

10

s iieiASf

As
Req d
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R TABLE 8.3 TEST MEASUREMENT SUMMARY
MEAS, TRANSDUCER PURPOSE OF SENS,
No., LOCATT, ON MEA SURE}ENT AXLS
AVl Car Left S:.de, Fwd. End- ‘To Meas. Car Vert. (Z') & Z
AV2' , Middle Roll (TX) Acceleration
AV3 , Aft End .
AV4 | Gar R:Lght S:Lde Fwd. End - N
AVS . , Middle g
. AV6 , Aft End <
ALL , Fwd, End To Meas. Car Lateral (Y) Y
AL -, Middle Acceleratlons ' 1.
AL3 ,"Aft End | | *
ALl - [Axle, Opposite Wheel 1 To Meas., Axle, (X) & (TZ) Accel. X
ALS _ ; _ , () Accel. 24
AL6 - | Bolster, Le_f‘t_SidE To -Meas. 1., (X) & (TZ) Accel. b
AL7 A B » (¥) Accel. 4
ALS Axle, Opposite Wheel 2 To Meas. Axle, (%) & (TZ) Accel. X
ALY Y L ¢ P (¥) Accel. . -X
ALLO Axle, Opposite Wheel 3 : o o, (%) & (T2) Aceel. [+ X :
AL11 |Bolster, Right Side. | To Meas. Bol., (¥) & (T2) Accel. *
AT,12 Axle, Opposite Wheel & To Meas. Axle, (X) & (T2) Accel. ,
VL | Btwm. Bol. & Side Frame L. Side | To Meas. Rel, Displ. (2)&(TX) of 7.
V2 Rt, Side | Bolster WRT Side Frame '
LV3 Btwmn, Bol & Car Left Side To Meas. Rel. Displ. (2) &
DV N | Rt. Side | (TX) of Bol. WRT Car
DLY Btwn. Bol. & Car Left Side { To-Meas. Rel. Displ. (X) & (22) | X
DL2 Rt. Side <« | of Bol. WRT Car Y
DL3 Center To Meas. Rel. D:Lspl. (¥) of Bol. Y
. . . _ WRT Car .
DL4 - | Btwn. 8. Fr., & Axle,Wheel 1 | To.Meas. Rel. Displ. (¥) of
DL5  } ' 2 Side Frame WRT Axle -
DL6 - K
DL7 - A _ _ Y
" DL8 . 1 - | To Meas. Rel: Displ. (X) of - oKX
- Du9 2 S5ide Frame WRT Axle -
D10 3 ' ' '
L1l b 4 -
DL12 | Btwn: Bol. & S:.de Fr. L. Side To Meas, Rel. Displi’ (X) & ('.L‘Z) $ :
DL13 ' _ Rt. Side of Bol, WRT Side Frame "; :
DL1& - L, Bide ‘To Meas. Rel. Displ. (¥) of Y
DL15 _ e Rt Side Bol, WRT Side Frame . | ’? o
V1 Bttm. Actuator & Car L. Side To Meas. Vert. (Z) Input I‘orce 12
Fv2 | Brwn. Wheel 1 & Facility Floor . | To Meas. Vert. Force @ Wh. 1 '
FV3 2 * 2 4
FL1 Btwn. Actuator & Axle,Opp. Wh. 1 | To Meas. Lat. (¥) Input Force Y
FL2 | | R R | - | ¥
JFL3 o o L A o -_(X)....._ D S
pEs ] | 3 ¥ %
‘DL16 - | Btwm. S. Fr. & Wheel 1 To Meas. Rel Displ. (¥) & (TZ) ¢ ¥
L7 | ‘Wheel 3 S, Fr. WRT Wheel _ ¥
AP Actuator No. 2 ' | To:meas. Diff. Press. Across Act, Pistomn -
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R Table 8.4 INSTRUMENTATION SETUP SHEET

o . XDUCR. ) oste. TAPE, : _
- MEAS. . |. MODEL- XDUCR COND. - TAPE - F8 XDUCR CABLE
. NO. No, | SENS. {CH. NO. | CH. NO. | CALIB. | S/N-_ | WO.
CAV1 . |A5a-5-350| 9.86my/g Mi-3 . 2/14 | 1g/v | 7083 AV
R 1T |9.66mv/g| M1-5 | 2/15 | - 7077 Av2
&3 |95 me/g| Mi-6 | 2/16 6467 | AV3
TAVE ¥ |o.semvig| mi-7 | 2/17 7079 | ava
AV5 jA5a-2-350|23.9mv/g| M-8 - 2/18 6587 AVS
a6 [y |26.4wv/g| MI-9 2/19 | 4703 AV6
ALl |A5a-5-3509.2 mu/g| MI-10 | 3/24 | 7081 AL1
ALZ . IA53-10-350 4.8mv/g)| MIL-11 3/25 5732 A2
CAL3 | 302-2 |64.2mv/g| CA-1 - 3/26 3138 93797
&4 | 1 |77.8mw/g| ca-2 | 4/34 3248 178
ALS 62 mv/g | CA-3 4/35 3136 177
L ALG 55.9mv/g | CA~4 -3/27 3137 174
- AL7 81.7mv/g | cA-5 | 3/28 3249 179
. AL 82.3mv/g| CA-6 436 | 3251 176
AL 63.2mv/g | @a-7 | 4/37 3135 119
A0 | W . |e1mv/g | cA8 | 4/38 3139 91
» ALLL 75D21 |79.38mv/g ©a-9 | 3/29 421 92
AL12 75D21 |81.37mv/el CA-10 | 4/39 ¥ 423 171
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Table 8.4 INSTRUMENTATIQN SETUP SHEET

[

1 Mmas.

XDUCR, |
MODEL,

- NO..

- XDUCR.
* SENS.

SIé;
COND.
CH. NO.

TAPE
CH-' NO -

TAPE
. FS
CALIB,

~ XDUCR.

S/N

CABLE
_NQ.

. Widax/M-C

rt -

TDVI

1 85-105

0.5 in/¥

1/3-1

1/6

10.5 in/V}

9692

DY2

| 88-107 -

2/3-2

177

19774

V3

1 88-105

3/3-3

1/8

- 19647

DV

§5-107 .

4f3-4

1/9

19775

i)

88-107

5/3-5

6/44

19639

“DL2

58-107

6/3ﬂ6l_

6/45

19641

DL3

$5-105 -

7/3-7

6/46

7850

DLl

§5-107

8/3-8

6/47

19643

LS

§5-107 .

9/3-9

6/48

19771

ol [~ ;] s v jboim

DL6

1.88-107 -}

10/3-10

- 6/49

19642

U
-

L7

. 88-107

11/3-11

6/50

19772

DL8,

§8-107

12/3~12

7/54

19648

e
oo

8-107

13/3-13

7/55

19646

ot
L

TL10

-§S-107

14/3~14

7/56

19773

=t
I

DLl

55107

15/3-15

7157

19640

et
.

"DL12

18s-107 -

16/4-1

8764

19776

=
(=)

A

88-105

17/4-2

8/65 .

9304 -

[
-l

A

88-107

o 18/4-3

8/66

19645

[
Kesd

LB

| 88-105

19/4-4

8/67

7847

=
pte]

 DL16

§8-105

20/4-5

 8/68

7843

DL17

'85-105

21/4~6

9305 -

1

8/69

Leq



"R Table 8.4 INSTRUMENTATION SETUP SHEET

.| xDucr.: | ste. | - . | TAPE o -
MEAS, | MoDEL | XDUCR. | CoND. | TAPE | FS | XDUCR. CABLE

. "NO. .- NOo, | SENS. - |/CH. NO. | CH. NOo,. | CALIB., | S/N 0.

JED [ e |1k #v | 11 | 1/1 |isk #/V | FL 7

TVZ  [ugiversallzok #V | 2-4 | 1/&  j2ok v | 972070 ] 1.2.3
BV i 2-8 1/5 | ] 6634066 | , 5.6

(¥R )

FVA | 1% [ 2s | ws | W 1% 1ass

¥FLL | wMc |15k #/v | 1-1 | 1/1 |isk#/v | T

w2 | [ | || tz w2 | | | w2

IR w1 | F1

joo [~ foo |~

Ea R R /2 | F2 -

“AP | Moog [3500psi/Vj 1-12 '3/30 | 3500psi/V Actgaw—‘ -

#0SG. | Rockland | e5v | - 13 | .esw | - | -

GVOIeE o o4 ) 14

b * These}; heasurements were x dundant dn -
- each thpe track [of each Mux Group

854




Table 8.5  TEST HLSTORICAL 1.0G

| TmE | patE f;g“ ~ TEST DESCRIPTION ' REMARKS
_ 7 Y-Axis Tests
2/6/75- Test setup.and system checkout
2/7{75 Moved wheel no. 1, 0.035" D.A. @ 0.5 Hz, 10,000 lbs-pki/actustor
R Mbved fixture 099031te wheel no. 1, 0.050" D.A.
”2/10/75‘ Lifted train and setup slide plates with one layer of
: : tape. ‘The tape was cut to ellmlnate cold flow rldges.
Molydlsulflde Jubricant used. :
12/131/75- Continued’ system checkout, Moved Wheel no. 1~ 0. 25" 4,000 1bs-pkfactuator
1 - D.A, @ 0.5 Hz. - . ‘
2/12/75 -Goﬁtlnued computer closed loop operation. System not Had low £req. and amp. .
SR compatible with low frequency 0.5 Hz requirement, - control prob,
12/13/75 DC coupled computer and completed setup and closed loop
E ' operatlon
Conducted sweeps with computer'in test control loop. 2,000 1bs~pk/actuator
1~-30 Hz, Single actuator
Ralsed frelght car load off of wheel sllde plate control
assemblles.
: _ Test dlscogtinued-pendiﬁg“instruméntation'support.
-{3/5/75 Iﬁstrumentation setup and -checkout Added DL16 and DL17
1316775
1377715
3/10/75
13/11/75 . v

664



Table 8.5 TEST HISTORICAL LOG -

TIME

- DATE

'RUN

REMARKS

TL: 10,000 1bs~pk 6 db/oct below 1 98 Hz
T AP .

) 180° g

NO. TEST DES_CRE?TIQN
i _ Y-Axis Tests
1245 3/12/75_: 1 Slnewave SweeP. 0.5-35 H=z . Normai completion
: : S ' Test Level: 1993 1bs-pk 6 db/oct below 1, 98 Hz
Actuator Phase. 1 180° ¢
1315 2 Sinewave Sweep (SS) 0.5-35 Hz Notrmal completion
. C Test Level (TL): 5010 lbs-pk, 6 db/oct below 1,98 Hz . accels. AL3-AL12 in
R Actuator Phase (AP) 180° ¢ cal, position
1400 3 Repeat Run 2 NormalAcompletion
1415 - 4 oy 883 0. 5"35 Hz . ' Aborted @-21.75 Hz
' ' TL: 10,000 1bs-pk, 6 db/oct below 1.98 Hz ' :
_ APz 180° ¢
1450 5 Repeat Run;4. Aborted @ 23.27 Hz;
s ' » : o -} reduced data on O-graphs
73/13/75 Evaluated slide plate motion.
: 1 Stiffened actuator fixture.
3/14/"5 Shimmed actuator rod ends.
1515 ;.3/18/75 T "6 [ ss:. 0.5-50 Ha Aborted @ 26,15 Hz
R R .1 5000 1bs-pk
L : - 180° @
11530 7 "S5S: 0.5-50 Hz Aborted @ 0.5 Hz
L _ :© 10,000 1bs-pk- k ‘
; G| AP: 180° ¢ . |
{1385 T 5 [ 85¢ 0.5-50 B Aborted @ 2.361 Hz

09€



Table 8.5 TEST HISTORICAL LOG

" DATE

RUN

T:ME:V o  TEST DESCRIPTION REMARES
:  'Y¥Axis Tasts ‘
L1600 |3/18/75 | 9 | s8: 0.5-50 H | Aborted @ 23.75 Hz
o : : TL: 7079.5 lbs—pk, 6 db/oct below 1.98 Hz ' .
I AP 1800 § .
| 1000 - 3]19/75-:. 10 Establlshed max. force W1th1n actuator limits, i.e., 2"
- ' il D.A., "/sec, and 14 000 1bs~pk
8S: 0.5-50 Hz | | Aborted @ 0.704 Hz
TL:-. 9000 1b-pk, 12 db/oct below 1.3 Hz : '
AP: 180°¢. -
{005 11 557 0.5-50 To | Aborted @ 1.209 Bz
1 - TL: . 9000 1bs-pk, 12 db/oct below 1.3 Hz, 4495 lb-pk 3 S
below 0.919 Hz
AP: -180° § :
| 1015 12 | Repeat Run 11 with 5 db tol. window. Aborted @ 1.328 Hz
1245 13 §8: .0. 5»50 Tz Aborted @ 37.95 Hz
: TL: . 9000 1b-pk, 11near below 1.3 Hz to 6000 Ib~pk @ : '
- 0.5 Hz
| AP: 180° §. |
1300 14 5S: 0.5-50 Hz ' - | Aborted @ 26.68 Hz;
S TL: 4510.9 1b-pk, 11near roll-off from 1.3 Hz to '} attémpted to use dither
'3007 1 1b-pk @ 0.5 Hz = - o on side frames prior to.
: 180° Qi this test
[1325 15 | 88: 0.5-50 Ha Aborted @ 25.79 Hz
S L F TLe o 4510.9 lb-pk, linear roll-o.ff from 1.3 Hz to . ’
3007.1 1b-pk @ 0.5 Hz
AP: '00 @ ;
1335 16 Repﬁat o 13 except AP = 0° “Aborted @ 0.633 Hz

194

e
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Table 8.5 TEST HISTORICAL LOG
S EENNEE N I RUN o
| TIME | @ DATE NO TEST DESCRIPTION REMARKS
Y—-Ax:.s Tests _
| 1345 | 3/19/75°| 17 | Repeat Run 16 with 6 db tol window. Aborted @ 1.254 Hz
11200 8 | S8: 0.5-50 Bz  Aborted @ 32.14 Hz
: TL:  6371.5 1bs-pk, linear roll-off from 1.3 Hz to '
 4247.7 1b-pk @ 0.5 Ha ‘
AP: 0°¢9
{1410 19 | 8S: 0.5-50 Hz . | Aborted @ 26.9 Hz
e ‘ : TL: '8021.3 lbs-plk, llnear roll-off from 1 3 Hz to S
'_:534751bspk@05Hz
‘AP::' 0o Qj .
950 3/20/75:| 20 . | SS: 0.5- 50 Bz ' ' ; Aborted @ 27.39 Hz;
A IV SR +TL: 8021.3 1bs-pk, linear roll-off fzom 1.3 Hz to reduced AP gain by a
© ' 5347.5 lbs-pk @ 0.5 Hz factor of 2 for this
AP: 0° ¢ test and subs; movies
: taker_l._
‘| 1010 21" | Repeat of Run No. 20; AP = 0% § Aborted @ 27.34 Hz
1030 22| Fepeat of Rum No. 13; AF = 180° 4 5000 Tbs Bborted @ 2,104 Bz
--1050 23 SS: 0.5-50 Hz Aborted @ 34,93 Hz
o ‘ CTLie 8021.3 lbs-pk, linear roll—-off from 1 3 Hz to.
.- 5347.5: 1bs~pk@0 5 Hz' 4
AR:. 180° ¢ , ’
1105 26 | Repeat of Run Fo. 20; AP =~o° ¢ Aborted @ 1.403 Hz
. ‘1120‘ ' 25. . 88: 0.5-50 Hz Aborted @ 7.844 Hz; abort
' o L TL: 6370 1lbs-pk, linear roll—off from 1.3 Hz to initiated; ran manual
© -+ 4250 lbs-pk @ 0 5 Hz levels @ 1.3 & 1.8 Hz"@"
“ARY 00 g 10K 1lbs & 12K 1lbs to de-
‘ monstrate motion ’

z9q -



Taple 8.5 TEST HISTORICAL LOG

RU1I

TIME DATE NO TEST DESCRIPTION REMAREKS
Y-Axis Tests
1120 3/20/75 25 Repeat of Run 20; AP = 0° @J; Test abort initiated Data not recorded;
20 Hz : demonstration test
1322 SS: 0.5-50 Hz - i Aborted @ 22.04 Hz; data
TL: 7140 1bs~pk, linear roll-off from 1.3 Hz to not recorded; abort ini-
4770 lbs-pk @ 0.5 Hz tiated; demonstration
AP: 0° ¢ test
A During manual operation FL3
_X Axis Tests was found to be intermittany
% txagfd to a shorted wire.
1345 3/25/75 26 S§S: 0.5-50 Hz ormal completion
TL: 4510 lbs-pk, linear roll-off from 1.2 Hz to
3050 ibs-pk @ 0.5 Hz
AP: 180° ¢
1437 27 '58: 0.5-50 Hz Aborted @ 1.606 Hz
TL: 7150 lbs-pk, linear roll-off from 1.3 Hz to
_ 4760 lbs-pk @ 0.5 Hz
AP: 180° ¢
1445 28 §58: 0.5-50 Hz Aborted @ 3,226 Hz
TL: 6750 1bs~-pk, linear roll-off from 1.3 Hz to
4500 1lbs-pk @ 0.5 Hz
AP: 180° ¢
1505 29 88: 0.5-50 Hz Aborted @ 21.59 Hz
TL: 6360 lbs-pk, linear roll-off from 1.3 Hz to :
4250 1lbs-pk @ 0.5 Hz
% AP: 180° ¢
1000 3/26/75 30 88: 0.5-50 Hz Aborted @ 36.99 Hz;
TL: 6010 lbs-pk linear roll-off below 1.3 Hz to FL3 = 272 mvrms;
4010 lbs-pk @ 0.5 Hz FL4 = 290 mvrms;
AP: 180° ¢ Levels below clip

£od



Table 8.5 TEST HISTORLCAL LOG

TIME DATE ggN TEST DESCRIPTION REMARKS
X-Axis Tests
1020 3/26/75 31 S5: 0.5-50 Hz Aborted @ 2.088 Hz
TL: 4510 lbs~pk, linear roll-off below 1.3 Hz to
3010 lbs-pk @ 0.5 Hz
AP: 0° ¢
1030 32 58: 0.5-50 Hz Aborted @ 2.026 Hz
TL: 4020 lbs-pk, linear roll-off below 1.3 Hz to
2680 1bs-pk @ (.5 Hz
AP: 0° ¢
1100 33 55: 0,5~50 Hz Aborted @ 25.98 Hz
TL: 2540 lbs-pk, linear roll-off below 1.3 Hz to
1691 1lbs-pk @ 0.5 Hz
1? AP: 00 ¢
Z-Axis Tests
1030 3/28/75 K1 88: 0.5-50 Hgz Aborted @ 0.5 Hz; abort
TL: 5010 1b-pk initiated 1923 was AC
coupled
1045 35 Repeat of Run 34 Aborted @ 1.244 Hz
1250 36 85: 0.5-50 Hz Aborted @ 1.411 Hz
TL: 5000 lb-pk, 12 dbfoct below 4.2 Hz to 3 Hz,
2500 lb-pk below 3 Hz
1300 37 §8: 0.5-50 Hz Aborted @ 1.425 Hz
TL: 5000 lb-pk, 12 db/oct below 4.76 Hz to 3 Hz, '
1990 1b-pk below 3 Hz
1310 38 58: 0.5-50 Hz Aborted @ 0.737 Hz
TL: 5000 1b-pk, 12 db/oct below 9.49 Hz,

500 1b-pk below 3 Hz
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Tanle 8.5 TEST HISTORICAL LOG

RUN

TIME DATE NO TEST DESCRIPTION REMARKS
Z-Axis Tests
1315 3/28/75 39 Repeat of Run 38; zeroed force Aborted @ 4,014 Hz
1400 40 Repeat of Run 39; changed force sensitivity to . Aborted @ 3.864 Hz
7500 1b/V '
1440 41 85: 0.5-50 Hz Aborted @ 1,318 Hz
TL: 1995 lb-pk
Changed force sensitivity to 4000 1b/V
1450 42 Repeat of Run 41 @ 1000 1b-pk Aborted @ 0.542 Hz
1500 43 Repeat of Run 42, 1000 1b-pk Aborted @ 0.986 Hz
1515 ? Repeat of Run 43; test not recorded Aborted @ 0.644 Hz
1000 3/31/75 Ly 88: 0.5-50 Hz Aborted @ 32.26 Hz
TL: 3980 lbs-pk, linear roll-off from 5 Hz to
1999 1bs-pk @ 0.5 Hz
Changed force sens. to 15,000 1b/V
1015 45 SS: 0.5-50 Hz Aborted @ 27.29 Hz
TL: 5010 1lbs-pk, linear roll-off from 5 Hz to 3540
l1bs-pk @ 0.5 Hz
1045 46 S§: 0.5-50 Hz Aborted @ 27.58 Hz

y

TL: 5010 lbs-pk

4117175 Movies taken for Z and X axis tests. Constant voltage
input

4/2/75 Completed data reduction on Run 20

4/3/75 and Run 46

414175

Started data reduction on Run 23

cod



Table 8,5 TEST HISTORLCAL LOG

TIME DATE o TEST DESCRIPTION REMARKS
Pogi-Test

4/7/75 . Began disassembly of test setup. Completed data
reduction of Run 23. Started data reduction on Run &

4&/8/75 Completed data reduction of Run 6. Started data reduc-
tion of Run 9. Finished test disassembly-instrumentation

&/10/75 Completed data reduction of Run 9, Started data reduc-
tion of Run 13

4711775 Completed data reduction on Run 13
60 Hz fold-over problem .
Started data reduction of Run 14

414775 Completed data reduction on Run 14, Started data reduc-
tion on Run 15

4/15/75 Compieted data reduction on Run 15. Started data r -
tion on Run 18

4/16/75 Completed data reduction on Run 18. Started data reduc-
tion on Run 19

4/17/75 Completed data reduction on Run 19. Started O-graph
data reduction on 20 and 23

4/18/75 Completed O-graph data reduction on Rums 20 and 23

5/19/75 Started unloading coal

5/22/75 Completed unloading coal

994
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TABLE 8.6

TRANSFER FUNCTION-DEFLECTTON COORDINATES

Meas.
No.
V1
DV2
DV3
DV4
DL1
DL2
DL3
DL
DL5
DL6
DL7
DL8
DLY
DL10
DL11
DL12
DL13
DL14
DL15
DL16
DL17

NOTE :

I

12 7/8

34.0
-34.0
34.0
~34.0

62 3/4
61 5/8

I

-48 3/4
48 3/4
~30 3/8
30 3/8
-30.0
30 3/8

-32 1/2
-32 11/16
32 1/4
32 11/16
-41 3/8
41 5/8

FOR (0,0,0) SEE FICURE 7.3

I

13
13

13
13
13
13

-~ OO0 O O

14
i3

5/8
3/8
5/8
5/8
5/8
5/8
5/8

1/2
3/8
5/8
7/8

3/8





