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1. INTRODUCTION 

The U.S. Department of Transportation, Urban Mass Transportation 
Administration (UMTA), under CONTRACT DOT-UT-10007, has engaged 
the Boeing Vertol Company to act as Systems Manager of the Urban 
Rapid Rail Vehicle and Systems Program. This program is an 
integrated development program directed toward improving high 
speed, f requent-stop urban rail systems. The overall objective 
is to enhance the attractiveness of rail transportation to the 
urban traveler by providing service that is as comfortable, 
reliable, safe and economical as possible. 

The objective of the State-of-the-Art Car (SOAC) is to demonstrate 
the best state-of-the-art in rapid railcar design, with two new 
improved cars using existing proven technology. Primary goals 
for• the cars are passenger convenience and operating efficiency. 

This report presents the results of acceptance tests performed 
on the SOAC low and high-density cars individually and as a 
two-car train. These tests were conducted on the two cars at 
the U.S. Department of Transportation Eigh Speed Ground Test Center 
in Pueblo, Colorado during the period November 1972 to April 17, 
1973. Final acceptance testing was initiated on March 9, 1973 
and completed on April 12, 1973. 

The 80 mph transit oval, 9.1 miles in length, was utilize0 for 
all performance tests. Third rail power at a nominal 650 VDC 
was provided by DOT Locomotive No. 001, and two 500 KW auxili
ary generators. 

The SOAC final acceptance tests are outlined in Table I . The 
test program plan and procedures are described in Boeing Vertol 
Report Dl74-10007-l. The acceptance test procedures and test 
instrumentation were designed to prove compliance with Section 2.2 
of t he SOAC Detail Specification IT-06-0026-73-2. 

This document, Volume III - Acceptance Testing, plus the f ollow
ing additional volumes comprise Boeing Vertol Report D174-10024, 
State-of-the- Art Car Final Test Report as specified in Section 
17,1.4.2 of the SOAC De tail Specification. 

Volume I 
Volume II 
Volume IV 
Vo lume v 

Component Testing 
Subsystem Functional Testing 
Simulated Demonstration Test 
Post Repair Testinq 

1. 



TABLE I 

FINAL ACCEPTANCE TESTS 

Car Weight 105,000 lb. 
Nominal 600 Volts de 

TYPE OF TEST 

o Visual 

o Acceleration 
Initial Rate 
Time-Speed-Distance 

o Maximum Speed 

o Automatic Speed 
Maintaining System 

o Blended Braking 
Deceleration Rate 
Stopping Distance 

o Dynamic Braking Only 
Deceleration Rate 
Stopping Distance 

o Service Friction Braking 
-Deceleration Rate 
-Stopping Distance 

o Emergency Braking 
Dece l eration Rate 
Stopping .Distance 

o Service Duty Cycle 
Blended Braking 
Servi ce Friction 
Braking 

o Ride Quality 

o Noise 

o EMI-Elect romagnetic 
Interfere nce 

TRAIN CONFIGURATION 

L-D and H-D cars 

L-D Car; H-D Car; 
2-Car Train-Both 
Directions 

L-D Car; H-D Car; 
2-Car Train-Both 
Directions 

L-D Car; H-D Car 

L-D Car; H-D Car; 
2-Car Train-Both 
Directions 

L-D Car; H-D Car; 
2-Car Train-Both 
Directions 

L-D Car; H-D Car ; 
2-Car Train-Both 
Directions 

2 . 

L-D Car; H-D Car; 
2-Car Train-Both 
Directions 

L- D Car 
H-D Car 

H- D Car 
2-Car Train 

L-D Car 
H- D Car 

2-Car Train 



2. SUMMARY OF TEST RESULTS 

2.1 PERFORMANCE DATA 

The results of the final acceptance performance tests are sum
marized in Table II for the low-density car, the high-density 
car, and the two-car train. The data contained in these summaries 
are the results of car performance averaged over several data 
records. 

For example, the acceleration rates and times to 700 feet dis
tance are based on a two-direction average (forward and reverse) 
with two data records in each direction. Braking rates and 
dist.ances are based on two stops in each car direction from 
four separate initial speeds. In addition to averaging rates 
over several data records, both a longitudinal accelerometer and 
a time differentiatio n of the speedometer instrumentation were 
used for each record. 

Test instrumentation is outlined in Section 4. As noted in 
Table II, the individual cars and the two-car train meet the 
specified acceleration and braking performance. Actual test 
data showing the cars' performance characteristics are contained 
in Section 6. 

2.2 RIDE QUALITY DATA 

Figures 2-1, 2-2 and 2-3 summarize the results of the ride 
quality measurements taken on t he cars following structural 
modifications to the motor-alterna tor support structure. The 
complete ride q uality acceptance data package is contained in 
the Appendix III Test Report. Results of the later engineering 
tests are reported in the Engineering Test Report, Dl74-10026-l. 

Test data for a 90,000-lb. single car is shown in Figure 2-1. 
Data for a 105,000-lb. car singly and in a two-car train are 
shown in Figures 2-2 and 2-3 respectively. At the 90,000-lb. 
car weight (emp ty car) the SOAC essentially met the ride quality 
goal in the frequency range associated with the rigid body sus
pension frequencies: 1-2 Hz. In the higher frequency range 
a s sociated with car body flexible modes: 7-15 Hz, the goal could 
not be met with the existing car body structural characteristics. 
The v ibration investigation p rog r am reported in Appendix III did 
result in a reduction of the maximum vibration levels in the 15 Hz 
range from .26g to .l0g. Although this exceeds the design goal 
of .055g at this frequency, the SOAC is considered satisfactory 
by passenger observations. 

3. 
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TABLE II 

S O A C A C C E P T A N C E T E S T S 
[1 05 , 000 LB CAR WEIGHT] 600 Volts 

PERFORMANCE ITEM 
SPECIFICATION R E SULTS ~ 

REQ UIREME NT LOW- DENS I TY HIGH- DBNSITY 2- CAR TRAHll ~--------- ------- --i-----l . PEAK (IN ITI AL) ACCE LERATI ON RA TE 2. 7 - 3 . 3 MP H/SEC 2 .7 * 2 . 7 * 2.7 * 

2. TI ME TO TRAVE L 700' FROM A STAND -
ING START - LEVE L TANGENT TRACK 20 SEC 19.4 I 19 . 0 

3. SPEED ON A 3% ADVERS E GRADE 70 MPH >75 >75 
20 . 0 

N / /\ 

4. MAXIMUM SP EED 80 MPH 80 80 _ 80 ··--------------i---- - . - -------

5 DECELERATION} 
. RATES (PEAK} DYNA MIC ONLY 2. 7- 3.3 MPH/SEC 3.0 3 .0 

{ 

BL EN DE D SERV I CE 2.7 - 3.3 MPH/SEC 3.2 3.2 

1 SERV I CE FRICT I ON 2 . 7- 3. 3 MPH/SEC 3 . 1 3.2 --

~ " ..) • C. 

3 . l 

3.2 
1 . 8 I { AC C E L E RAT I O N 2 . 5--~~ p H / s E c2 1 . 9 2 . 3- · 

6 . J ERK RATE 2 
BRAKING 2.5 MPH/SEC 2 . 9 2 . 6 2.6 

7 . S TO p p I N 6 D I S TA N C Elf B L E N D E D S E RV I C E 4 5 0 FT _ .. ___ 4 3 0 4 4 5 4 3 0 
(FROM 4o MP~~ 11sERVICE FRICTION 450 FT 440 425 420 

,.__ -•·- - - .. __ ,. __ 
STOPP I NG DI STANCEJ{BLEN DE D SERVICE 2250 FT 1650 1660 1660 

8
· (FROM 80 MP H) SERV I CE FR I CT I ON 2250 FT 196 0 2000 192 5 - ---- ----- . ------- - ~--- -- - -+ 

{

STOP FROM 40 MPH 425 FT 365 350 335 
9 EMERGE NCY} STOP FROM 80 MPH 2200 FT 1630 1600 1635 . BRAKING . 

DECE LERATION RA TE 2~88 - 3.52 MP H/SEC 3. 5 3 .4 3.5 

* I nitial rates o f 3.0 mph/sec. were r ecorded during Accept ance Testing 
prior t o fi nal cur r ent limit adj ustments. 
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FIGlfilE 2-1 
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Track Section= I 
Gross Weight = 105,000 LBS. 
High Density Car 
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FIGURE 2-2 
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The results of testing the SOAC at the 105,000-lb. weight 
(100 passenger load) are shown in Figures 2-2 and 2-3. As 
noted in these figures the ride quality measurements show 
compliance with the SOAC goals over the frequency range at both 
mid and aft car centerlines. These data were obtained dur ing 
later car tests and are based on the instrumentation system 
used during the Engineering Test Program. 

Based on the above data the SOAC is capable of meeting all the 
ride quality goals under a loaded car condition representing 
normal operating car weights. The ride quality requirements 
were originally expressed as goals rather than as acceptance 
requirements due to the scope of the program which used a basic 
R44 car body. 

2. 3 NOISE DATA 

Figure 2- 4 presents a summary of interior and wayside noise data 
taken during the acceptance and engineering test pro~rams on 
t he SOAC. As noted in the upper portion of Figure 2-4 , the 
interior noise measurements show that both cars meet the noise 
goal at all speeds. The SOAC also meets the wayside noise goa l 
at speeds above 35 to 40 mph on Pueblo track Sections III to 
VI but only above 65 mph on Section I. Due to the increased 
rail roughness of this track section at speeds below those noted 
above, the car equipment noise level (cooling fans, motor
alternator set) results in a wayside sound level somewhat greater 
than the goal. A band of wayside noise levels for existing tran
sit cars is also shown on Figure 2-4 for comparison wi th the SOAC 
data. As noted, the SOAC noise level is comparable to the lower 
level for contemporary equipment. The SOAC noise goal was based 
mainly on wheel-rail noise with iittle allowance for the actual 
car equipment required for the SOAC propulsion system (69 dBA 
at zero speed). Paragraph 6.10 presents a discussion of the 
noise tests. 

2.4 ELECTROMAGNETIC INTERFERENCE DATA (EMI) 

Testing to determine the electromagnetic field s trength i ns ide 
the SOAC as well as at the wayside was performed at the HSGTC 
on April 2 and 3, 1973. As shown in Figure 2-5 test data indi
cate the SOAC is within fiel d limi ts from a frequency range of 
150 KHz to 400 MHz. Since there was no substantial noise peak 
within the car body, it was not necessary to track down corres
ponding sources. 

8 
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3. CONFIGURATION 

Acceptance tests were conducted on the low-density car (No. 1) 
and the high-density car (No. 2) individually and as a two-car 
train. Both cars were ballasted with lead weights to the 
normal load (AWl) of 105,000 lb., representing the light car 
plus 100 passengers at 150 lb. each. The weight breakdown for 
each car is presented in Table III. 

11. 



TABLE III 

CAR WEIGID'S - SOAC 

HDC LDC 

Light Weight at St. Louis Car 88,320,#: 89,080i 

Pantograph Scale Weight, March 15, 1973 775,#: 775,#: 

*Equipment Brackets added at Pueblo 320i 320i 

Miscellaneous 169i l14i 

Light Weight at Rail Ready to Run 89,584i 90,289,#: 

Lead Bars (HDC 328) (LDC 313) 15,416,#: 14, 711,#: 

AWl 105,000i 105,000i 

*Equipment Brackets - estimated weight. 

HDC and LDC were loaded to AWl night of March 13, 1973. 

12 



4, TEST EQUIPMENT AND INSTRUMENTATION 

The following facilities, equipment and instrumentation were 
used during the acceptance testing. 

4.1 FACILITIES AND EQUIPMENT 

The 80 mph Rail Transit Test Track at the Hig h Speed Ground 
Test Center consisting of 9,1 miles of running rails and elec
trified third rail was used for all performance, ride quality, 
noise, and EMI tests. The test track is powered by a mod ified 
General Electric U30C Diesel-Electric Locomotive rated at 3000 
hp for traction or 3400 amps at 600 VDC. Two auxiliary cater
p illar diesel-generator sets rated at 500 KW each (600 - 7 00 VDC ) 
were positioned around the oval to minimize track voltage drops 
durin g high-power acceleration testi ng. 

F i gure 4-1 illustrates the basic electrical layout of the track 
and the locations of the power supplies. 

Figure 4-2 illustrates the relationship of the runninq and 
third rails. The following additional facilities were also 
used: 

o General Electric 44-ton, 380 hp switch engine 
and gondola-transition car. 

o Transit maintenance building: 200 ft, long by 
40 ft. wide with AC and 600 VDC power, and a 
6 ft. maintenance pit. 

o Off ice facilities in the Project Management Bldg. 

o Track communications: Four-channel Motorola 
walkie-talkies. 

4.2 INSTRUMENTATION - PERFORMANCE TESTS 

4.2.1 Static test and checkout equipment used to modify a nd 
adjust the propulsion, brake components and systems at the test 
faci lity we re as follows: 

Equipment 

Oscilloscope Simulator 
SOAC System Simulator 
SOAC System Monitor 

Manufacturer 

Tektronix 
AiResearch (Figure 4-3 ) 
AiResearch (Figure 4-4 ) 

4.2.2 Carborne instrumentation used in the acceptance tes ting 
is outlined in the following paragraphs. 

13 
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4.2.2.1 Garrett/SOAC Propulsion System Monitor Panel 

This panel was temporarily mounted in the operator's cab of 
each car and was connected to the various low-voltage logic 
and feedback circuits contained in the SOAC propulsion control 
system. 

The monitor panel performs several functions: 

o Annunciator lights for indication of propulsion 
and braking events and modes. 

o Fault indicator lights . 

o Calibrated meters for indication of the following: 

Armature currents 
Field currents 
Capacitor bank voltage 
Motor voltage 

Car speed 
Calculated tractive effort 
Thyristor firing (0) command 
Tractive effort command 

Plus additional internal system functions. 

o ~erminals fo r connecting the above parameters 
with a recording oscillograph. 

4 .2 .2 .2 CEC Recording Oscillograph (5-124A) 

This recorder uses direct print, light-sensitive paper and has 
a maximum of 18 channels of output. Nine channels were utilized 
for data during the SOAC testing. Several data channels were· 
taken directly from the output of the monitor panel with scale 
f act ors derived from the calibrated meters on the panel. The 
following parameters were recorded. 

o P- signal 
o Armature current (forward and aft) 
o Field current 
o Capacitor bank voltage (third rail) 
o Longitudinal acceleration 
o Car speed 
o Analog brake current (BCP command signal) 

4.2.2.3 Accelerometer and Signal Conditioning Units 

The longitudinal accelerometer f or performance data and its power 
and s ignal conditioning unit were supplied by AiRes~arch. The 
accelerometer was secured to a 47-lb. ballast bar and oriented 
longitudinally in the car interior over the forward truck. 
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4.2.2.4 The Garrett/SOAC monitor panels remained in their 
respective cabs during all tests. The CEC oscillograph and 
accelerometer/signal conditioner were moved from car to car for 
the various tests. Scale factors remained essentially constant 
throughout the testing. 

4.2.2.5 Calibration 

As previously noted, the two armature currents, field current 
and capacitor bank voltage were calibrated from the monitor 
panel meters (+5 percent accuracy). The longitudinal accelero
meter was calibrated using a level surface and angular displace
ment equivalent to several "g" values. Car speed was calibrated 
during constant speed runs over a measured distance. Both cab 
indicator error and oscillograph calibrations were determined 
in this manner. 

The tractive effort reference or "P" wire was calibrated directly 
off the cab "P" wire meter. Analog brake current (BCP command) 
was referenced to the cab BCP gauge and gauge installed on the 
re a r truck. The event mark was used both as a baseline refer
ence for trace deflection and as a track distance or event 
reference. 

The oscillograph was operated during each test record with a 
paper speed sufficient to detail the specific car characteristic 
being tested. Generally, paper speeds of .25 and 1.0 inches 
per second were used. Timing lines p rinted on the paper during 
recording were calibrated against a stopwatch, using the event 
marker. 

Time and distance data were obtained using stopwatches and actual 
ground distance measurements. 

4.3 INSTRUMENTATION - RIDE QUALITY 

(See Appendix III) 

4.4 INSTRUMENTATION - NOISE MEASUREMENTS 

(See Paragraph 6.10) 

4.5 INSTRUMENTATION - EMI TESTS 

(See Appendix IV) 
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5. TEST PROCEDURES 

Test procedures used during the SOAC acceptance tests generally 
follow the procedures outlined in Section V.C. of the Dl74-10007-1 
SOAC Test Document. They are summarized as follows: 

5.1 ACCELERATION (Maximum) 

o Position car on one end of the 400 ft. level tangent 
track (station 298 + 00 59 338 + 00). 

o Put master controller handle in full power position 
while still in "deadman" position. 

o Start recorder. 

o Twist handle from "deadman" to operating condition. 

o Record data as required. 

o Maintain controller position until maximum speed of 
80 mph is attained. 

5.2 AUTOMATIC SPEED MAINTAINING SYSTEM (ASMS) 

o Select speed limit of 3 mph. 

o Put master controller handle in full power position 
while still in "deadman" position. 

o Start recorder. 

o Twis t handle from "deadman" to operating condition. 
Handle remains in full power position for remainder 
of ASMS Tests. 

o Record data as required. 

o Select additional speed limits in following sequence: 
15, 25, 35, 50, 70, 80, 70, 50, 35, 25, 15, 3. 

o Maintain each above speed a sufficient time to record 
system speed accuracy. 
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5.3 BRAKING TESTS (Full Service Rates) 

o Approach braking course (station 298 + 00 to 338 + 00) 
with tractive effort handle in position to stabilize at 
test speed. 

o Start recorder. 

o At the outer marker for the course release the handle 
to its "deadman" position for full service braking. 

o Bring car to complete "hands-off" stop. 

o Record time and distance to stop. 

The above procedure is used for blended braking, dynamic braking 
o nly, and with slight modification for service friction braking 
only. For friction braking the dynamic brake must be cancelled 
by a switch (airflow "loss") for test purposes just prior to 
initiating braking. 

5.4 BRAKING TESTS (Emergency) 

o Procedure similar to paragraph 5.3 except at the outer 
marker for the course, activate the motorman's 
"Emergency Stop" pushbutton. 

5. 5 SERVICE DUTY CYCLES 

The service duty cycles are repetitive driving cycles consi sting 
o f acce l e ration to 80 mph at maximum rate, immediate transition 
to full service braking followed by a 30-second station stop . 
The cycle is repeated 24 times with blended braking and 24 times 
with service friction braking only. 

5 .6 RIDE QUALITY 

(See Appendix III) 

5 .7 NOISE TESTS - INTERIOR 

5.8 NOISE TESTS - WAYSIDE 

5.9 EMI TESTS 

(See Appendix IV) 
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6. TEST RESULTS 

6.1 VISUAL TESTS 

The following visual and check tests were performed on each car 
prior to the start of the performance acceptance tests. 

6.1.1 Place car on trucks over a pit which will allow safe 
access to undercar equipment. Set handbrake. 

6.1.2 Remove motor cooling air exhaust covers, shipping covers, 
freight service adapters and coupler adapters. 

6.1.3 Visually inspect for damage, loose parts or missing items. 

6.1.4 Install traction motor brushes and disconnect traction 
motor flexible ducts. Tighten all drain plugs, drain cocks 
and inspection covers. 

6.1. 5 Turn on "BATT", "CAB LIT 11
, "MAIN LT", "RADIO" circuit 

breakers on LVCBP and HVCBP. Observe that lighting and radio 
function. 

6.1.6 Provide 600 voe. Turn on one at a time the following, 
and check for function and unusual noise or vibration. 

Alternator field 
Motor alternator field 
Dynamic brake 
Battery charger 
Traction motor cooling #1 
Traction motor cooling #2 
Air brake 
Brake compressor 

6.1.7 Turn on motor alternator and traction cooling blowers 
and allow to run for 15 minutes (or until traction cooling ducts 
are free of debris). 

6.1.8 Disable third rail power and reconnect motor flexible ducts. 

6.1.9 Restore third rail power and turn on all circuit breakers 
and observe the following: 

o Motor alternator running 
o Traction motor cooling blowers running 
o Air compressor running 
o All lights on 
o Headlights and taillights f unction 
o Side doors function 
o Main reservoir pressure 150 psi 
o Air conditioning blower running 
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o Windshield wiper, washer and defroster function 
o Horn blows 
o Emergency valve functions 
o Track trip functions 
o Trainline functions for cars coupled 
o Hostling mode operation 
o Pantograph extension and retraction 
o End door operation 

6.1.10 Set tread brakes (58-64 psi control pressure, 90,000-lb. 
and 91-97 psi control pressure, 132,000 lb. car). 

6.1.11 Turn on instruments and release handbrake . 

6.1.12 Rolling Checkout Tests 

6.1.12 . 1 Put direction control switch in FORWARD. 

6 . 1.12.2 Move controller to 1/4 power position. Accelerate 
to 10 mph; monitor motor current. Stop the test if motor 
current exceeds 500-amp peak. 

6.1.12.3 Brake car by moving controller to 1/4 brake position. 
Motor current should not exceed 250 amps. 

6. l. 13 Performance Setup Tests 

6.1.13.1 Accelerate car in full power position to 20 mph. 
Monitor motor current and acceleration rate. Stop test if: 

o Motor current exceeds 1700 amps. 
o Acceleration rate exceeds 3.0 mphps. 
o Peak acceleration rate is less than 2.5 rnphps. 
o Any circuit breaker trips. 
o Whee ls slide. 

6.1.13.2 Brake car in full service position. Stop test if: 

o Motor current exceeds 1900 amps. 
o Motor current is zero. 
o Wheels slide; circuit test only. 
o Deceleration rate exceeds 3.0 mphps. 
o Deceleration rate is less than 2.0 mphps. 

6.1 .13 .3 Repeat step 6.1.13 adjusting acceleration and 
deceleration rate to within 2.7 to 3.3 mphps peak values. 

6.2 ACCELERATION 

The acceleration performance and time to travel 700 feet from 
a standing start are shown on Figure 6-1 for the low-dens ity car. 
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Acceleration testing was completed on the 4000-ft. section of 
level tangent track with a maximum speed of 79 mph reache d at 
the end of the section. During the test, third rail volt a g e 
was a nominal 620 volts (+ ) . Tests were made in the forward 
and reverse car direction-for two runs to the 700-ft. p o i nt and 
one run to 80 mph in each direction. Figure 6-2 presen t s a 
complete time-and-distance-to-speed characteristics for the low
density car. 

The initial SOAC design capability is shown on Figures 6- 1 and 
6-2 as a comparison to the test data . The acceleration capa
bility of the car is equal to or better than the. initi al design 
capability above the motor base speed of approximately 30 mph. 
The reduced acceleration rate below 30 mph is based on t h e 
rev ised current limits selected to maintain the braking rate 
within allowable tolerances . 

The a cceleration performance o f the high-density SOAC is p r e
sented in Figures 6-3 and 6-4 in f ormats similar to Figur e s 
6- 1 a nd 6-2 previously shown for the low-density SOAC. The 
p erformance is essentially similar to the low-density car. The 
initial SOAC design capability is shown on Figures 6-3 and 6-4 
f or comparison. 

Two-car train acceleration testing was performed to determi ne 
the peak initial rate and the time to 700 ft. distance . Th e 
l a r ge power demand of the two cars(3000-3200 amps) result e d in 
a l a rge track voltage drop from the nominal 600-650 vol t s . 
Te st run voltages of 500-550 volts were experience d wh ich 
resulted in a reduced performance level above about 30 mp h . 
Because of this fact the performance curves for the two- c a r 
train a re not included in this report. The data of Tab l e I I 
verify that the initial acceleration rat e and time to 70 0 f t. 
a r e within specificat ions and that the two-car t rain p erf orma nce 
is similar to each car operated separately. 

6. 3 MAXIMUM SPEED AND ASMS 

The service maximum spee d of the cars is 80 mph based on the 
tes t d ata of Figures 6-1 and 6-3, an acceleration rate o f 
appro ximate ly .65 mp hps is a vai lable at 80 mp h . Bo th cars 
h ave exceeded 90 mph in a two-car consist during c o ntroll e d 
t e st conditions . 

The Automatic Speed Maintaining Sy stem (ASMS) provides t h e 
c a p ability to control and limit c ar spee d to the 80 mp h maximum 
o r additiona l speeds of 3, 15, 25 , 35, 50, or 70 mph. Th i s 
syste m wa s t es t e d u s ing the proc e d ures containe d in p a rag raph 
5.2.With t he contro l h a n d le in t h e f ull power positio n t h e car 
will a cce l e r a te to the sele cted s p e e d a t the maximum a cceler a tion 
rate f or the car's weight. (Rates f or a 105,000-lb. car a r e 
shown in Fig ures 6-1 and 6- 3. 
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As the selected speed is approached within 2 to 3 mph the 
tractive effort reference signal ( 1'P" s ignal) is automatically 
reduced until the desired speed is maintained to within +l mph. 
The P signal is then adjusted automatically to regulate the 
tractive (or brake) effort required to maintain the selected 
speed on various track grades or curves. The control handle 
may remain in the full power position at all times, or i t may 
be set at a reduced level which results in at least the P signal 
required to produce the "balancing " tractive effort. The 
P signal meter in the cab reads the P value associated with the 
ASMS and not the actual control handle position. The band for 
speed regulation enlarges as the controller is decreased from 
the P = 1.0 amp position: +l mph at P = 1.0 to approximately 
-2 t o - 3 mph at "balancingv P value. 

The ASMS pushbuttons may also be u sed to decrease speed from 
a p r eviously selected value. With the control handle still 
in the ful l power position, activating a command for a l ower 
speed will automatically aupply full service blended braking 
until the car speed has been reduced to the selected value. 
Speed regulation about the new value is again ~1 mph. 

A speedometer calibration curve for the low density car is 
shown in Figure 6-5. The actual speed was determined over a 
timed, measured course on level tangent track. 

The ASMS on the high-dens ity car performs similarly to that on 
the low-density car as previously stated. The complete range 
of tests noted for the low-density car were conducted on the 
high-density car; speed regulation was again within +l mph of 
sel ected speed with the tractive effort handle in the full power 
positi on. A speedometer calibration for the high-densit y car 
is shown in Figure 6-6. 

6 . 4 BLENDED AND DYNAMIC BRAKING 

Figure 6-7 p resents the blended service braking and dynamic 
b r aki ng (only) capability for the low-density car in terms of 
deceleration rate and stopping distance. The upper scale 
illustrates the blended and dynamic brake rates during two test 
r ecords from 80 mph. The design characteristics of the dynamic 
brake system are shown on this upper scale in comparison to the 
test data. 

The dynamic brake alone, without service friction braking , i s 
capable of providing the SOAC's nominal deceleration ra t e of 
3 mphps (+10 %) down to a speed of approximately 3 mph. The 
increased-brake rate associated with the normal configuration 
of blended dynamic/friction braking is due to the inshot p r essure 
of approximately 8 psi sent to the friction brake cylinders 
under all braking commands. 
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Stop distances from speeds of 40 mph and 80 mph are shown on 
the lower scale of Figure 6-7. Data was taken at the specifi
cation speeds of 40 and 80 mph for the final acceptance test. 
The shape of the stopping distance curves is based on additional 
preliminary data when the propulsion system was adjusted to a 
lower braking rate . (armature current). 

Figure 6-8 presents the results of the blended braking and 
dynamic braking (without friction brakes) tests, or the high
density cars; Figure 6-9 for the two-car train. 

6.4.1 System Response Characteristics - Blended Braking 

Figure 6-10 illustrates a typical transition from the propulsion 
mode to the blended braking mode at 40 mph car speed. At time 
t = 0, the master controller "deadman" handle is released, pro
viding a step input to the traction system. In the next .5 
second, the jerk rate limiting circuit removes the tracti ve 
effort at a rate of 425 amps per second until zero armature 
current is attained. 

During the .7 second "control dead time" the field current is 
reduced to zero, the "drive" contactors open, the "brake" con
tactors c lose, and the motor field current is reversed in sense 
by the field control. After the "dead time", the jerk limit 
circuitry again limits the rate of change of (braking) cu rrent, 
the f ield current is ramped to maximum value, and the chopper 
controls the armature current to achieve the selected braking 
effort (deceleration rate). Full service rate is attained 
approximately 2.5 seconds after release of the "deadman". The 
stopping distances shown in the performance plots reflect the 
jerk rates and dead times as shown in Figure 6-10. 

6 .4.2 Dynamic Brake Failure Simulation 

During the test program, but prior to the final adjustment of 
blended braking rates, several simulated dynamic brake f a ilures 
during normal blended braking from 80 mph were completed. These 
tests we re accomplished to determine the time and rate r esponse 
of the f riction brake backup system and the impact on stopping 
distance. These tests were performed on the high-density car 
and Figure 6-11 illustrates a time history of one simulat ed 
dynamic brake failure. Since this data was obtained during 
testing prior to the final adjustments of the dynamic brake 
current limits, the performance thus reflects slightly l ower 
deceleration rates and slightly longer stopping distances than 
the data of Table II and Figure 6-8. 

Two stops with simulated dynamic brake failures were accomplished; 
both stops within the 2250 ft. required distance from 80 mph. 
The following table outlines the test results. 
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INITIAL 
SPEED FAIL DYNAMIC TIME TO DISTANCE TO 

(TRUE) BRAKE@ SPEED STOP STOP 

FORWARD DIRECTION 

76 mph 59 mph 29.0 sec. 1852 ft. 

76 mph Blended Svc. 29.3 sec. 1698 ft. 

REVERSE DIRECTION 

77 mph 60 mph 28.8 sec. 1766 ft. 

77 . 5 mph Blended Svc. 29.2 sec. 1719 ft. 

In each of the above car directi ons, the stop with the s i mulated 
failure is compared with a similar stop with blended braking. 
As noted above, the stopping distance is increased by app roxi
mately 50 to 150 ft. from 76-77 mph. The reduced time-to-stop 
noted on the "failure" stops may be attributed to the different 
brake rate vs. speed characteristic between blended and f riction 
brake systems (see Figures 6-8 and 6-12). Test procedure for 
the simulated dynamic brake failures was similar to the p roce
dure used for friction braking (paragraph 5.3) except tha t the 
dyna mic brake was cancelled at 60 mph instead o f just pri or to 
initiating braking at 80 mph. The stops were completed us ing 
service friction brakes only f ollowing the simulated dynamic 
brake failure at 60 mph. 

6 . 5 SERVICE FRICTION BRAKING 

The service friction brake capability (without dynamic brake) 
is shown in Figure 6-12 for the low-density car. Sample t e st 
data from a stop from 80 mph is shown on the upper scale a nd 
stopping distances from speeds o f 20, 40, 60 and 80 mph a r e shown 
on the lower scale. Two stopping tests in each direction f rom 
e ach speed were used to determine the specification compliance 
at 40 and 80 mph and the gene ral shape of the stopping d i stance 
curve. Brake cylinder pressure is s e t to 68 psi as me asu red 
on the cab pre ssure indicator. Figures 6-13 and 6-14 p r esent 
similar data for the high-density car and the two-car t r ain . 

The deceleration rates shown on Table II are based on avera ge 
over the speed range of all t es t points shown in Figur es 6-12, 
6-13 and 6-14 . The de celeratio n rate for each stop was deter
mine d using both the a cce l e rometer and by diffe rentiat ing the 
calibrate d s peedome ter cha nne l on the o s cillog raph. A t ime 
period of 10 seconds or greater wa s used whe r e possible t o deter
mine the average de c e leration rate during a t e st r e cord. 
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Figure 6-15 illustrates the time constants and jerk rates asso
ciated with application of full service friction braking using 
a step input command. 

6.6 EMERGENCY FRICTION BRAKING 

Figure 6-16 p resents the results of brake on the low-density car 
tests using the emergency brake system which consists of friction 
brakes only. As before, the upper scale illustrates a typical 
test stop from 80 mph while the lower scale shows the r e s ulting 
stopping distances for the 14 emergency stops performed during 
the tests. Emergency brake cylinder pressure is set at 78 psi 
for both cars. 

Test results for the high-density car and the two-car train are 
shown in Figures 6-17 and 6-18 respectively. As with the service 
friction and blended braking data, the deceleration r a te shown 
in Table II is an average of all runs shown in Figures 6-16, 
6-17 and 6-18. 

The time constants associated with an emergency brake application 
are shown in Figure 6-19. As noted, full brake pressure (and 
deceleration rate) are reached in seconds. 

6.7 JERK RATE 

The time rate of change of acceleration or deceleration while 
under control of the jerk rate l imit i ng system was determined 
by evaluating the time-slope of the accelerometer channel on 
the oscillograp h. Jerk rate measurements were made on all accel
eration and service blended braking tests for both cars, and an 
average rate for each mode is shown on Table II. Illustrations 
of jerk rate limiting are shown in Figures 6-10 and 6-15 for 
the braking mode. 

6.8 SERVICE DUTY CYCLE 

The SOAC traction system was designed for a duty c yc l e of repe
titive Oto 80 mph to O runs with a 30-second dwell t ime after 
each stop as shown in Figure 6-20. At the design weight of 
105,000 lb. these repeated cycles resulted in a n RMS a rmature 
current of 637 amps. The design continuous current i s 460 
amps; the one-hour current i s 600 amps. Thus the dut y cycle 
represents operation at a performance level somewhat a bove the 
one-hour rating of the traction motors, but well below the 
peak current rating of 750 amps. 

6 .8.1 Ble nde d Braking Cycles - Service Configuration 

Table IV summarizes the results o f t he 24 cycles o f b lended 
braking performed on each car . A summary duty cycle p lot is 
shown in Figure 6-21 based on measured car performance on 
level tangent track. The cycle o f Figure 6-21 diffe r s from 
Figure 6-20 due to the hig her leve l of performance measured 
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TABLE IV 

SERVICE DUTY CYCLES - BLENDED BRAKING 

I. LOW-DENSITY CAR 

24 CYCLES (STOP TO 80 MPH TO STOP) WITH A 30-SECOND 
STOP TIME. 

RESULTS: DISTANCE TRAVELED 

TOTAL TIME 

MILES PER CYCLE 

MINUTES PER CYCLE 

SCHEDULED SPEED 

28.9 MILES 

47.0 MINUTES 

1.2 MILES 

1.9 MINUTES 

37.0 MPH 

(RUN COUNTERCLOCKWISE ON TEST OVAL) 

II. HIGH-DENSITY CAR 

24 CYCLES (STOP TO 80 MPH TO STOP) WITH A 30-SECOND 
STOP TIME. 

RESULTS: DISTANCE TRAVELED 

TOTAL TIME 

MILES PER CYCLES 

MINUTES PER CYCLE 

SCHEDULE SPEED 

(RUN CLOCKWISE ON TEST OVAL) 

49 

26.0 MILES 

42.9 MINUTES 

1. 08 MILES 

1.8 MINUTES 

36.0 MPH 
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on the cars and the deletion of the 15 mph wind condition 
(not included in test data). The RMS armature current resulting 
from Figure 6-21 is 623 amps compared to 637 amps for Figure 
6-20 and the 600 amp one-hour rating. No propulsion system 
problems were encountered during the duty cycle tests. 

6.8.2 Service Friction Braking Cycles - No Dynamic Brake 

Table V presents a summary of the 24 cycles of friction braking 
performed on each car following the tests of paragraph 6.8.1 
The friction braking cycles were run to determine the effects 
of operating a car with the electric traction system cutout but 
with service friction brakes in operation. This condition simu
lates the worst case operation of a two-car train with one dead 
car (propulsion system). 

Wheel tread temperatures were measured following sever al stop s 
using an infrared pyrometer. The tabulated temperatures were 
recorded following the stop and thus do not represent a peak 
temperature. Stopping rates and distances measured at the end 
of the 24 cycles were within the specifications shown in Table II. 

Brake pad smoking and some pad ignition were noted on the last 
four or five cycles. The stopping distance on the last stop 
with the low-density car was measured at 2010 ft. compared to 
an average 1960 ft. distance recorded earlier in the s ame car 
direction. The friction characteristics of the SOAC cobra com
position brake show results in relatively consistent stopping 
performance throughout the temperature range generated by the 
severe duty cycles tested. 

6.9 RIDE QUALITY 

The results of the ride quality testing are summarized in para
graph 2.2 and detailed in the Appendix III report and the 
Dl74-10026-l Engineering Test Report. 
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TABLE V 

SERVICE DUTY CYCLES FRICTION BRAKING 

I. Low-Density car 

-24 Cycles - (Stop to 80 mph to stop) with a 30 second 

stop time. 

RESULTS: Distance Travelled - 32.9 Miles 

Total Time - 58.0 Minutes 

Miles Per Cycle - 1.37 Miles 

Minutes Per Cycle - 2.4 Minutes 

Schedule Speed - 33.0 MPH 

Energy Per Stop - 22.4 Million Ft.-Lb. 

Maximum Tread Temp. - 320° F 

Maximum Rim Temp. - 280° F 

(Run counter-clockwise on test oval) 

II. High-Density Car 

-24 Cycles - (Stop to 80 mph to stop) with a 30 second 

stop time. 

RESULTS: Distance Travelled - 27.4 Miles 

Total Time - 51. 0 Minutes 

Miles Per Cycle - 1.14 Miles 

Minutes Per Cycle - 2.1 Minutes 

Scheduled Speed - 32.0 MPH 

Energy Per Stop - 22.4 Million Ft.-Lb. 

Maximum Tread Temp. - 250° F 

Maximum Rim Temp . - 170° F 

(Run clockwise o n test oval) 
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6.10 NOISE MEASUREMENTS 

Noise level tests were completed on the two SOAC vehicles in 
November 1972. All measurements were made with a Bruel & Kjaer 
Precision Sound Level Meter Type 2203, using the I.E.C. "A" 
weighting network scales, with manual recording of meter readinqs. 

For the interior noise tests, the vehicles were ballasted to 105,000 
pounds and operated at a steady speed around the UMTA transit 
test track. No significant differences were noted for track con
struction types. Interior measurements were made at a standing 
and seated passenger ear level for three car locations: over the 
front truck, over the rear truck, and in the center of the car. 
Exterior noise measurements were made at a height of 3 ft. above 
the rail and 50 ft. from the car side. 

Data for the low-density car, SOAC No. 1, was completed during 
Test Run 5 and is shown on Table VI. Data for the high- d ensity 
car, SOAC No. 2 was completed during Test Run 10 and is shown 
on Table VII. 

Wayside noise data is from Test Runs 87, 89 and 110, for Pueblo 
Track Sections I, III, IV, V and VI, The data of Figure 6-22 
show compliance of the SOAC vehicles with the interior noise 
goal at all speeds, and the wayside goal at speeds above 35 to 
40 mph. Also shown on Figure 6-22 is the band of wayside noise 
l evel s for contemporary transit cars for comparison to the SOAC 
goal and the test data. As noted on the figure, the wayside data 
for Section I is approximately 3 dBA higher than that for 
Sections III through VI. This lower level is used t o show com
pliance above 35 to 40 mph and also as a favorable comparison 
with the lower level for existing cars. The wayside noi se data 
was taken with "trued" solid steel wheels at a car weight of 
90,000 lbs. 

Figure 6-22 presents a summary of SOAC noise levels in comparison 
to the SOAC goals. As noted, the measured interior noise data 
band is significantly lower than the SOAC goal. Fiqure 6-22 
also presents the results of the wayside noise tests conducted 
at the beginning of the Engineering Test Program. As noted, at 
zero car speed the wayside noise level of the traction motor 
cooling fans (2) and the self-ventilated motor alternator set 
are higher than the SOAC goal which was primarily based on 
wheel-rail noise. Analysis of equipment noise data is contained 
in the Engineering Test Report D174-10026-1, parts 10 and 11. 
As previously noted in the summary, the SOAC noise r equirements 
were considered a goal rather than an acceptance criteri on. 
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SEATED 

(Ear 

Level) 

STANDING 

(Ear 

Level) 

TABLE VI - INTERIOR NOISE LEVELS 
SOAC #1 LOW DENSITY CAR 

'A' WEIGHTED SOUND LEVEL dB(A) 

ALL EQUIPMENT OPERATING 
WT= 105 Klb, 
Run #5 - 11/16/72 

FRONT 
CENTER 

OVER #1 Trk. 

ACCELERATION 63 62.5 

0 62 61 

25 63 61 

35 63 61 

50 65 63 

70 72 65 

ACCELERATION 63 62.5 

0 62 62 

25 63 61. 5 

35 63 62 

50 65 63 

70 72 65 

REAR 

OVER #2 Trk. 

65 

64.5 

64 

65 

67 

70 

66 

65 

64 

65 

67 

70 

(1) Effect of track location not considered. 
(2) Acceleration noise levels are a function of speed . 
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SEATED 

(Ear 

Level) 

STANDING 

(ear 

Level) 

~ 

TABLE VII - INTERIOR NOISE LEVELS 
SOAC #2 HIGH DENSITY CAR 

'A' WE I GHTED SOUND LEVEL dB (A) 

ALL EQUIPMENT OPERATING 

WT= 105,000 Lb. 
Run #10 - 11/29/72 

FRONT 

OVER #1 Trk. 

ACCELERATION ( 2) 

0 -

25 63 

35 63.5 

50 64.5 

80 -

ACCELERATION (2) 

0 -

25 63 

35 63 

50 64 

80 -

CENTER 

(2) 

62 

62 

63 

63 

-

(2) 

62 

62 

63 

63 

(1) Effect of track location not c o nsidered . 

REAR 

OVER #2 Trk. 

(2) 

68 

68 

68 

69 

71 

( 2) 

64 

65 

67 

66 

71 

(2) Acceleration Noise l evels were determined to be a function of speed. 
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6.11 ELECTROMAGNETIC INTERFERENCE 

Results of the EMI testing are summarized in paragraph 2.4 and 
detailed in the Appendix IV EMI Test Report. 
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7. CONCLUSIONS 

7.1 PERFORMANCE 

The SOAC cars, individually and as a two-car train, met all 
specification performance goals for acceleration and braking. 
Test results are summarized in Table II, page 

7.2 RIDE QUALITY 

Initial ride quality acceptance testing confirmed an obs erved 
mild vibration near 64 MPH and a severe vibration near 80 MPH . 
Car body vertical accelerometer wave forms indicated that the 
severe vibration near 80 MPH was caused by a high ampl itude 
vibration with a 9 second beat at the center of the car. Sub
sequent diagnostic tests and analyses (Appendix III) led to a 
structural beef-up of the motor alternator support structure. 

The modification to the motor alternator support structure 
eliminated the vibration near 64 MPH and t he beating phenomenon 
near 80 MPH. Data taken at the light car weiqht (90,000 lbs.) 
show maximum vibration levels at the higher frequencies (15 Hz) 
reduced from .26 g's to .1 g. Although this exceeds the design 
goal of .055 g's at this frequency, this is probably t he result 
o f manual reduction of the 90,000 lb. data as explained in 
Appendix III, Section 2.4 Data taken at the Normal Load Car 
Weight (100 passengers - 105,000 lbs.) using the Engineering 
Test instrumentation system meet or better the design goals for 
all frequencies at both mid and aft car centerlines. 

7.3 NOISE DATA 

Interior noise level measurements show that both cars meet the 
interior noise level goals at all speeds. 

The SOAC also meets the wayside noise goal at speeds above 35 
to 40 mph and is comparable to the quietest of existing transit 
cars. Below 35 mph the SOAC noise level exceeds the design 
goal. This is attributable to the noise generated by the under
car equipment in comparison to a noise goal based mainly on 
wheel-rail noise. The magnitude of the equipment noise level is 
illustrated by a 69 dBA level measured at zero car speed. 

7.4 ELECTRO MAGNETIC INTERFERENCE (EMI) 

The wayside and interior test data results plotted as a composite 
graph in Figure 2-5 demonstrate compliance with the specified 
limits of Section 9.9.2 (Figure 9-2) of the SOAC Deta il Specifi
cation. Appendix IV presents the EMI test report and the recorded 
data. 
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APPENDIX I 

TEST RUN LOG 





H 
I 

f--' 

S OA C TEST LOO 

·---~"" 
-

DATE RUN No. PURPOSE - CONFIGURATION 

11 - 14-72 001 105,000 LB CARS : TWO CAR TRAIN 
NO. 1 (L- D) CAR UNDER POWER : NO . 2 (H-D) NO POWER 

11-14-72 002 105,000 LB CARS : TWO CAR TRAIN - VIP RUN NO. l POW ER: 
NO. 2 NO POWER 

11-15 - 72 003 105,000 LB CAR: NO. 2 CAR ONLY 
SPEEDOMETER CALIBRATION 

11-15-72 004 105,000 LB CAR : NO . 2 CAR ONLY 
BRAKING TESTS 

11 - 16- 72 005 105,000 LB CAR : NO. l CAR ONLY: ACCEL. & DECEL . & NOIS E 
TESTS: MOTOR FLASH-OVER EVALUATION (#2 CAR PDR) 

11-16-72 006 105,000 LB CARS: TWO CAR TRAI N - VIP RUN NO . 1 POWE R: 
NO. 2 NO POWER 

--
11-17-72 007 105,000 LB CAR : NO . 1 CAR ONLY : MOTOR EVA L. AT HIGH 

SPEED : SET-UP THIRD RAIL SHOES 

11-25-72 008 105,000 LB CAR: NO. 2 CAR ONLY: THE N 2 CAR TRAIN: RUN-
IN BRUSHES (LOST THIRD RAIL SHOE-ADJUSTED) CHECK TRArN 

11-26 - 72 009 105,000 LB CARS : TW O CAR TRAIN: NO. 1 CAR DRIV I NG, 
(FAILED PDR) THEN NO. 2 CAR DRIVI NG- VI P RUNS 

11-29- 72 010 105,000 LB CARS : TWO CAR TRAI N THEN NO . 2 CAR ONL Y: VIP 
RUNS : SPEED LIMITING, RIDE QUALITY, NOISE TESTS 

NO . l CAR ( LOW DENSITY): NO. 2 CAR ( HIGH DE NSITY) 

ODOMETER 
READING 



H 
I 

N 

S OA C TEST LOG 

... Q,49>:,C 

DATE RUN No. PURPOSE - CONFIGURATION 

11-30-72 011 105,000 LB CAR: NO. 2 CAR ONLY: 
RIDE QUALITY AND NOISE TESTS 

12-1-72 012 
105,000 LB CAR: NO. 2 CAR ONLY: 
BRAKING PERFORMANCE 

2-8-73 013 105,000 LB CAR: NO. 2 CAR ONLY: INSTRUMENTATION CHECK 
OUT: MOTOR FLASH-OVER INVESTIGATION 

2-9-73 014 105,000 LB CAR: NO. 2 CAR ONLY: 
FLASH-OVER INVESTIGATION 

2- 12-73 015 105,000 LB CAR: NO. l CAR ONLY: EVALUATE INSTALLATION 
OF NEW MOTORS 

2-13-73 016 105,000 LB CAR : NO . l CAR ONLY: EV ALUATE MOTORS AND 
MOTOR INSTABILITY 

~ 

2-13-73 017 105,000 LB CAR: NO. 1 CAR ONLY: INVESTIGATE MOTOR 
INSTABILITY 

2-14-73 018 105,000 LB CAR : NO. l CAR ONLY: MOTOR I NSTABILITY 
TESTING, EVALUATE SPEED LIMITING 

2-20 -73 019 105,000 LB CAR: NO. l CAR ONLY: VA RIOUS SYSTEM CHECKS 
AND BRUSH RUN - IN 

2-21-73 020 105,000 LB CAR: NO. l CAR ONLY: VARIOUS SYSTEM CHECKS 

NO. l CAR - (LOW DENSITY): NO . 2 CAR (HIGH DENSITY) 

ODOMETER 
READING 



H 
I 

w 

r 
I 

S O A C TEST LOO 

... ~ 
DI.TE RUN No. PURPOSE - CONFIGURATION 

2-21-73 I 021 105,000 LB CAR: NO. 1 CAR ONLY: SPIN-SLIDE SYSTEM 
CHECKS: PRELIMINARY BRAKE TESTS 

2-22-73 022 105,000 LB CAR: NO. 1 CAR ONLY: MAX. ACCELERATION 
CAPABILITY CHECKS 

2-22-73 023 105,000 LB CAR: NO. 1 CAR ONLY: MAX. ACCELERATION 
CAPABILITY CHECKS 

2-26-73 024 105,000 LB CAR: NO. ··1 CAR ONLY: RUN-IN NEW SET OF 
BRUSHES, MONITOR MOTOR VIBRATION 

2-27-73 025 105,000 LB CAR: NO. l CAR ONLY: ACCEPTANCE TESTING-
BLENDED BRAKING (INCOMPLETE) 

2-28-73 026 105,000 LB CAR: NO. 2 CAR ONLY: RUN-IN NEW SET OF 
BRUSHES: MANY PROPULSION TRIPS: CHOPPER PROBLEM 

-
2-28-73 027 105,000 LB CAR: NO. 1 CAR ONLY: BRAKING TESTS, FRICTION, 

BLENDED, DYNAMIC : SPIN-SLIDE PROBLEMS 

3-1-73 028 105,000 LB CAR: NO . 1 CAR ONLY: MOTOR VIBRATION TESTS: 
FRICTION BRAKING: SPIN-SLIDE PROBLEMS 

3-1-73 029 105,000 LB CAR: NO. 2 CAR ONLY: CONTROLS PROGRAM CHECK-
OUT : LUR CH ING AT BASE SPEED AND LOW CURRENT 

3-2-73 030 105,000 LB CAR: NO . 2 CAR ONLY : BRUSH RUN-IN PROGRAM: 
ACCEL . & DECEL. TESTS : SPIN-SLIDE IS OK 

NO. 1 CAR ( LOW DENSITY): NO. 2 CAR (HIGH DENSITY ) 

ODOMETER 
READING 

• 



i:--i 
I 

.::. 

S O AC TEST LOO 

DATE RUN No, PURPOSE - CONFIGURATION 

3-2-73 031 105,000 LB CAR : NO. l CAR ONLY: CHECK CAR FO R CHOPPER 
LURC H PROBLEM (RUN 029): NOT FO UND 

3-5-73 032 105,000 LB CAR : NO. 2 CAR ONLY: BRUSH RUN-IN: FULL 
SERVICE BLENDED BRAKE TES TS: SEEMS OK 

3-6 - 73 033 105 , 000 LB CAR : NO. l CAR ONLY: TROUBLESHOOT SPIN-SLIDE 
SYSTEM: INDICATES SLIDES ABOVE 50 MPH 

3-6-73 034 105,000 LB CARS : TWO CAR TRAIN: CHEC K-OUT TRAINLINES : 
DR IVE FROM NO. 2: MANY PROPULSION TRIP S 

105,000 LB CARS : TWO CAR TRAIN: CHEC K TRAINLINES, C/S 
3-7 - 73 035 RELAY PROBLEM, CHOPPER LURCHES ATV BASEN cuiRfNT UN -

... BALANCE TR IPS IN NO. 1 DRAGGED NO. 1 HA DBR K 
105,000 LB CAR S: TWO CAR TRAIN: SPEED CALIB. E& I CHECK 

3-8-73 036 WITH LOtOR HOST LER OPS, COUPLE /UNCO ~PLE , CUR RENT UN-
BALANCE TIPS IN BRA KIN G (W ET RAILS 

3-9-73 037 105,000 LB CAR: NO. 2 CAR ONLY: BLfNDED BR AKING 
ACCEL. TESTS (0 TO 700 FT . ) 

3-10-73 038 105,000 LB CAR : NO. 2 CAR ONLY: BLENDED BRAKING, 
FRICTION BRAKING, SPEEDOMETER CALIBRATIO N 

3-10-73 039 105,000 LB CAR : NO. 2 CAR ONLY: BRAKI NG TESTS , FRICT IO N 
AND DYNAMIC ONLY 

3-12-73 040 105,000 LB CAR: NO. 2 CAR ONLY : ASM S TESTING IN DRIVE 
AND BRAKE: ACCEL . TESTS (0 TO 700 FT.) 

NO. 1 CAR (LOW DENSITY): NO. 2 CAR (HIGH DENSITY) 

ODOMETER 
READING 

-,.2 2 41 ./ 
- I 

·23 45 
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DATE 

3-12-73 

3-13-73 

3-14-73 

3-14-73 

3-15 - 73 

3-15-73 

3- 16-7 3 

3-16-7 3 

3- 17 - 73 

3-17-73 

RUN No. 

041 

042 

043 

044 

045 

046 

047 

048 

049 

050 

-··, 
( 

S OA C TEST LOG 

-.• $-0,W.,0,C 

ODOMETER 
PURPOSE - CONFIGURATION READING 

105,000 LB CAR: NO. 2: DYNAMIC BRAKE 11 FAILURES" ' FROM 
80 MPH - EMERGENCY BRAKING 
130,000 LB CAR : NO. 2: CHECK-OUT OF 130K LB. VMA X = 
50 MPH WET RAILS/SLID~~~ INITIAL ACCEL. (CHECK AND 
SERVICE BRAKE FROM 40 
105,000 LB CAR : NO. l : CHECK-OUT PROPULSION SYSTEM 
MODIFICATIO NS - INOPERAT IVE FIELD PDR AT END, REDUCED 
DEAD TIME TO . 7 SEC . 
105, 000 LB CAR: NO . l : CHE CK-OU T NEW PDR FIELD SUPPLY: 
CHECK NEW SLIP/S LID E SETTING (UNSTABLE FI ELD SU PP.) 

105,000 LB CAR: NO . 1 : SPEED-CALIB : TRAIL RUNS FOR 
BLENDED BRAK I NG, I NITI AL ACCEL . MANY SLIP/SLIDES 
105,0U0 LB CAK : NU . I : C ECK-UUT SLlP/::>LlUt t-'KU15LtM::> IH 
INTERCHANGI NG CARD S IN PCU - FOUND NOISY S/S CARD: 
BLENDED BRAKE -
105,000 LB CAR: NO. l : DYNAMIC BRA KE ONLY TE STS: 
FRICTION BRAKING: BCP TOO HIGH - S/SLIDES 
105,000 LB CAR : NO. l : INITIAL ACCEL. & TIME TO 700 FT. 
◊ARY88svgbi ~t~Tr~~!CTION AND EMERGE NCY BRAKING AT 

105,000 LB CAR: NO. l : FRICTION BRAKING WITH REVISED 
BCP'S SIMI LAR TO NO. 2 CAR: ASM S TESTS 

105,000 LB CAR : NO. 1 : EMERGEN CY BRAKING: CHECK OUT NEW 
PDR : BLENDED BRAKING CHECKS : INITIAL ACCEL. 



H 
I 

°' 

DI.TE 

3-19-73 

3-19;.73 

3-20-73 

3-20-73 

3-21-73 

3-21-73 

3-22-73 

3-22-73 

3-26-73 

3-26-73 

RUN No. 

051 

052 

053 

054 

055 

056 

057 

058 

059 

060 

SOAC TEST LOG 

, __ 
ODOMETER 

PURPOSE - CONFIGURATION READING 

105,000 LB CAR: NO. 2: CHECK-OUT PROPULSION MODS: CHECI 
LOW I, BASE-SPEED CHOPPER LURCHING: CHECK EMERG. BCP 

105,000 LB CAR: NO. Z: INITIAL ACCEL. TIME TO 7no FT. 
0-VMAx: BRAKING-EMERGENCY AND BLENDED, SPEED 
CALIBRATION 
105,000 LB CAR : TWO CAR TRAIN: CHECKED OUT 2-CAR TRAIN 
CONFIGURATION COMPATIBILITY, CHEC KE D ACCEL. & BRAKE FUNC-
TION - OPER . FROM #l & 2 CAB, LOCO OFF LINE, 
105,000 L~ CAK: TWO CAR TRAIN: RUN fROM #1 CAB - BRAKE 
TESTS BLENDED, FRICTION AND EMERGENCY - NO 80 MPH DATA: 
WEST DIESEL ONLY. RUN FROM #2 CAB-BRAKE TESTS·-BL END ED 80Mf H 

105,000 LB CAR: TWO CAR TRAIN: BRAKE TESTS FROM BOTH 
DIRECTIONS, COMPLETED BLENDED AND FRICTION 

105,000 LB CAR: TWO CAR TRAIN: BLENDED, FRICTION & DY N. 
BRAKING FOR BOTH DIRECTIONS - ONE ACCELERATION RUN 

- -
105,000 LB CAR: TWO CAR TRAIN: ASMS RUNS AND RIDE 
QUALITY TESTS FOR GSI 

105,000 LB CAR: TWO CAR TRAIN: TWO CAR EMERGENCY BRAKE 
TESTS & TWO ACCEL. RUNS-COMPLETED RIDE QUALITY RUNS FOR G~ I 

105,000 LB CAR: TWO CAR TRAIN: CHECK-OUT OF CHOPPER 
MOO. & PDR STABILITY CHECKS 

105,000 LB CAR: TWO CAR TRAIN: CONTINUED CHECK OUT OF 
CHOPPER FIXES & INITIAL BUMP (LURCH) ELIMINATION 



H 
I 

-.J 

~ ( I 

S OA C TEST LOG 

ODOMETER 
DATE RUN No. PURPOSE - CONFIGURATION READING 

3-28-73 061 105, 000 LB CAR: NO. 1 CAR: ARMATURE CURR ENT CHECKS ON 
FWD & AFT TRUCKS IN BOTH DIRECTIONS &BRAKE. GRID TEMP.DATP 
105,000 LB CAR: NO. 2 CAR: ARMATURE CURRENT CHECKS ON 

3-28-73 062 FWD & AFT TRUCKS IN BOTH DIR ECTIONS & RIDE QUALITY TESTS 
FOR GSI WITH 3 11 SHIMS REMOVED FROM TRUCKS 

3-29-73 063 105,000 LB CAR: NO. 2 CAR: STARTING LURCH CHECK AND 3100 ADDITIONAL RIDE QUALITY DA TA FOR GSI 

3-29-7 3 064 105,000 LB CAR: NO. 2 CAR: CONTINUED RIDE QUALITY TEST-
ING FOR GSI WITH 3 11 SHIMS REMOVED 

.• 

3-31-7 3 065 105,000 LB CAR: NO. 1 CAR: MEASURED FWD TRUCK ARMATURE 
CURRENTS FOR ACCELERATION FIX 

4-3-73 066 105,000 LB CAR: TWO CAR TRAIN: EMI TESTS AND ARMATURE 
CURRENT DATA 

-
4-2-73 067 105,000 LB CAR: TWO CAR TRAIN : MEASURED ARMATURE 

CURRENTS ON ALL TRUCKS WITH SHUNT- CONTINUED EMI TESTS 

4-3-73 068 105,000 LB CAR: TWO CAR TRAIN: EMI TESTS COMPLETED . 

10 5, 000 LB CAR : NO . 2 CAR: CHECKED OUT INCREASE CHOPPER 
4- 4- 73 069 CURRENT LIMIT PROBLEMS WITH PROPULSION TRIPS - 3401 @IFFERENTIAL CURRENT TRIP LI GHT 

4-4-73 070 ~~~~?08ub~E~,R~ELi9·D~s~ftE~o ~~~TAaWERcE~E~K& 0M~A~fTH 
CHECK 



H 
I 

co 

DATE 

4-6-73 

4-6-73 

4-9-73 

4-9-73 

4- 10-73 

4- 10-73 

4-11-73 

4-11-73 

4- 11 - 73 

4-12-73 

RUN No. 

07 1 

072 

073 

074 

075 

076 

077 

078 

079 

080 

S O AC TEST LOO 

.. °'"""' ODOMETER 
PURPOSE - CONFIGURATION READING 

105,000 LB CAR: NO. 2 CAR: SHUNT ON FWD TRUCK: · 
CURRENT SENSOR CHECKS 

105,000 LB CAR: NO. 2 CAR: SH UNT ON AFT TRUCK: 
CURRENT SENSOR CH ECKS 

105,000 LB CAR: NO. 2 CAR: SHUNT ON AFT: THEN FWD TRUO 
CURRENTS OK: BLENDED BRAKING: INITIAL ACCEL. RATES 

105,000 LB CAR: 
& TIM E TO 700 FT: 

NO . 2 CAR: SHUNTS OFF: INITIAL ACCEL I S 
0-80 MPH (3) DIESELS ON-LINE: DYNAM. 

BRAK I NG: DUTY CYCLE 

105,000 LB CAR: NO. 1 CAR : CURRENT CALIBRATION CHECKS / 
SLIDE: LURCHING AT 20 MPH : TROUBLES HOOT PROP. TRIPS 

105,000 LB CAR: NO. 1 CAR : CURRENT CALIBRATION AND 
TRO UB LESHOOTING 

-
105,000 LB CAR: NO. 1 CAR: BLEND ED BRAKING TES TS 

105,000 LB CAR: TWO CAR TRAIN: ACCE L. & BLENDED 
BRAKI NG TESTS 

105,000 LB CAR: NO. 1 CAR: DYNAMIC BRAKING;SERVICE 
DUTY CYCLE 

105,000 LB CAR: NO. 1 CAR: DYNAMIC BRAKING,BLENDED/ 
FRICTION DYNAMIC BRAK I NG ONLY 
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-\ 

DJ.TE 

4-16-73 

4-16-73 

4-17-73 

4-17-73 

4-17-7 3 

4-19-7 3 

4-24-73 

4-24-73 

4-26-73 

4-26-73 

RUN No. 

081 

082 

083 

084 

085 

086 

087 

088 

089 

090 

SOAC TEST LOG 

,. a......, 

ODOMETER 
PURPOSE - CONFIGURATION READING 

90,000 LB CAR: TWO CAR TRAIN: MINOR TRAIN CHECKS: 
PANTOGRAPH OPERATION 

90,000 LB CAR: TWO CAR TRAIN: PANTOGRAPH CHECKS RADIO 
AND P-WIRE CHECKS 

90,000 LB CAR: TWO CAR TRAIN: LT. WT. DEMO RUN AND 
CHECK OUT 

90,000 LB CAR: TWO CAR TRAIN: DEMO. TO TRANSIT 
AUTHORITY PERSONNEL: ACCEPTANCE DEMO. 

90,000 LB CAR: TWO CAR TRAIN: DEMO . TO TRANSIT 
AUTHORITY SPECIAL RUNS & TRANSIT DRIVERS 

90,000 LB CAR: TWO CAR TRAIN: VOLTAGE MEASUREMENTS 
(ENGINEERING TEST PROGRAM : ETP) 

-
90,000 LB CAR: CAR NO. l : NOISE TESTING SINGLE CAR 
INTERNAL-WAYSIDE (ETP) (ACCEPTANCE) 

90,000 LB CAR: NO. 2 CAR: NOISE TESTING SINGLE CAR 
INTERIOR-WAYSIDE (ETP) 

90,000 LB CAR: CAR. NO . l: NOISE TESTING - STRUCTURAL 
INTERNAL - WAYSIDE {ETP) 

90,000 LB CAR: NO. l & NO. 2 CARS : VIBRATION ACCEPTANCE 
ONE CAR DEAD - INSTR. NO. 2 CAR (ETP) 
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( 

DATE 

4-27-73 

4-27-73 

5-18-74 

7-5-73 

7-5-73 

RUN No. 

091 

092 

110 

129 

130 

S O AC TEST LOO 

- ODOMETER 

PURPOSE - CONFIGURATION READING 

90,000 LB CAR : TWO CAR TRAIN: VIBRATION INVESTIGAT ION -
VERT. DAMPERS REMOVED (ACCEPTANCE) 

90,000 LB CAR: TWO CAR TRAIN: VIBRATION INVESTIGATION -
WITH AND WITHOUT SHIMS (ACCEPTANCE) 

90 , 000 LB CAR: Nb. l CAR ONLY: (WAYSIDE NOISE TEST 
(ETP AND ACCEPTA~CE) I 

' 

90,000 LB CAR: NO. 2 CAR ONLY: CAR CHECK OUT AND RIDE 
QUALITY TESTS (GSI) 

90,000 LB CAR: NO. 2 CAR ONLY: 
QUALITY TESTS (GSI) 

CAR CHECK OUT AND RIDE 5996 · 

- -



APPENDIX II 

TEST RUN SHEETS 

Section 1: Performance Tests 

Section 2: Ride Quality Tests 

Section 3: Noise Measurement Tests 

Section 4: EMI Te sts 





SECTION 1: PERFORMANCE TESTS 

SOAC ACCEPTANCE TESTS 

PERFORMANCE 

LOW DENSITY CAR (No. 1) 

CAR TEST 
PERFORMANCE DIRECTION RUN RECORD NUMBERS 

Acceleration: Forward 076 345; 353; 421 
& 700 ft. Reverse 076 350; 356; 422; 437; 443 

T & D to 80 mph Forward 076 345 
Reverse 076 350 

V max. Forward 076 & 
Reverse others 

Braking: 
Blended: Forward 076 40 mph ~404; 458 

Reverse 076 40 mph >415; 453 
Forward 077 80 mph • 920; 928 
Reverse 077 80 mph ➔ 940; 946 

Dynamic Forward 080 231 thru 247) 
only Reverse 080 2 53 thru 307) 40 & 80 mph 

Service Forward 049 1059 thru 1125 
Friction Reverse 049 1134 thru 1201 

Emergency Forward 050 2 35 thru 315 
Braking Reverse 050 320 thru 341 

Duty Forward 080 311 thru 358 (Blended) 
Cycles 411 thru 509 {Friction) 

., 
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NOTES 

Also: 
Jerk 

.rates 

/ 

Also: 
ASMS 

Jerk Rat es 

II 

II 

II 

II 
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SOAC ACCEPTANCE TESTS 

PERFORMANCE 

HIGH DENSITY CAR (No. 2) 

PERFORMANCE 

Acceleration 
& 700 Ft. 

T & D to 80 mph 
11 11 II II II II 

V Max. 

Braking: 

Blended: 

Dynamic 
only: 

DIRECTION 

Forward 
Reverse 
Forward 
Reverse 

F & R 

Forward 
Reverse 

Forward 
Reverse 

TEST 
RUN 

074 
074 
074 
074 

074 

073 
073 

074 
074 

RECORD NUMBERS 

146; 200 
154; 202 
146 
154 

Various Runs 

1116 thru 1145 
1156 thru 1211 

213 thru 228 
232 thru 246 

NOTES 

Also: 
Jerk 
Rates 

11 

Also: 
ASMS 

Jerk Rates 
II 

11 

- -------!------+----~---------------+---- -
Service 

Friction: 

Emergency 
Braking: 

Duty 
Gycles: 

Forward 
Reverse 

Forward 
Reverse 

Forward 

039 
038 

052 
052 

074 

159 thru 254 
111 6 thru 115 4 

346 thru 407 
318 thru 340 

252 thru 336 (Blended) 
346 thru 437 (Friction) 

II-2 



SOAC ACC~PTANCE TESTS 

PERFORMANCE 

TWO-CAR TRAIN (No. 1 & 2) 
Forward = #-1 Forward; Reverse = #-2 Forward. 

CAR TEST 
PERFORMANCE DIRECTION RUN RECORD NUMBERS NOTES 

Acceleration: Forward 078 1123; 1131 Also: 
& 700 Ft. Reverse 078 1209; 1215 Jerk 

T & D to 80 mph Forward 078 1123 (less than 600 volts) Rate 
Reverse 078 1209 

V Max . F & R 078 Various 

Braking : 

Ble nd ed : Forwa rd 078 1141 thru 1157 " 
Reverse 078 122 9 thru 1246 " 

Dynamic Forward 078 115 thru 132 
only: Reverse 078 1254 thru 108 

-·- ·-
Service Forward 054 330 thru 430 " 

Friction: Reverse 055 104 3 thru 1118 

Emergency Forward 058 312 thru 350 
Braking: Reverse 058 223 thru 302 

Duty Not (Low track voltage with 2- car 
Cycles: done train . ) 

.. 

. , 

II-3 

' 



TEST TYPE 

RIDE QUALITY 
(Section 2) 

NOISE MEASUREMENT 
Interior/Wayside 
Interior/Wayside 

(Section 3) 

EMI TESTS 
(Section 4) 

SOAC ACCEPTANCE TESTS 

RIDE QUALITY, NOISE, EMI 

CAR NO. 

2 (H-O) 
1&2 Train 
2 (H-D) 
1&2 Train 
2 (H-D) 

1 (L-D) 
2 (H-D} 
2 (H-D} 
2 (H-D} 

1&2 Train 

II-4 

TEST RUNS 

10, 11 
57, 58 
62, 63, 64 
90, 91, 92 
129, 130 

005 
010 
087, 089 
110 

66, 67, 68 

LBS. 
CAR WEIGHT 

105,000 
ici5 ;ooo 
105,000 

90,000 
90,000 

105,000 
105,000 

90,000 
90,000 

105,000 
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SECTION 1. PERFORMANCE TESTS 
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NOTES: 

TIME AND DISTANCE TO STOP 
DYNAMIC BRAKING ONLY 

[CAR WEIGHT tWl 105,000 LBS] 

. 1) LEVEL TANGENT TRACK 
2) TRAIN RESISTANCE INCLUDED 

(ZERO WIND) 

4) WHEEL DIAMETER 30 IN • 
5) JERK LIMITS AND DEAD 

TIME NOT INCLUDED 
3) GEAR RATIO 4.78 
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4.3 Automatic Speed Maintaining System 

4.3.1. Accelerate car to each of the following pre-selected 

speeds with Controller Handle in Full Power position. 

Monitor parameters as in paragraph 4 . 1. · Evaluate 

capability of the speed maintaining system over a 

15-30 second time period. 

EN'~. 011 .3 11/,3 I 

RECORD SPEED INDICATED 
NO . SETTING SPEED 

IZls-' 3 

/Z..17 15 

12/8 25 .. 2S-:- . 
121-, 35 ~~ 

IZ20 50 SJ 
/l 1../ 70 7() 
IZZ Z 80 lo 

4.3.2. From an initial pre-selected speed of 80 mph perform 

the following speed reductions using speed select 

inputs with Controller Handle in Full Power position. 

Monitor parameters as in paragraph 4.1. Hold reduced 

speeds for at least 15 seconds. Evaluate speed maintain

ing capability at each reduced speed. Record data per 

performance test instrumentation configuration given in 

T able II. Ku~ N't>. t:J~? a/j;r/7..1 
, 

RECORD NO. SPEED FINAL INDICATED SPEED 

/223 80-70 7e, 
/2 24- ' so 70-50 

I z.z.r 50-35 

/Z-2-b 35-25 

/Z.Z.7 25-15 

I 22- '6 1 c;- ~ 

II-23 
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SOAC TEST RUN I O G -Z... I 
DATE: 17;/r.;8/1) I TIME: START SJOP I 

'3~ 50 :>~ ~o 

------------------- -· --- ·-···--···-· . 

PURPOSE: · M ~ ~ v yz., ~ - ~ wYv) P~{-v,v ~: 
,-.tt -z.._ C ,..- .I>) c:.,,) e ✓ 

0 f\,-'\(;--p~i...,r~ ~--\ ,p~ Q ......,~L- \ -Y'--j r""o·-fl ~ S L '--'Tu 

s'' r>LoC( OVi 

WEATHER CONDITION: 

WIND SPEED 

DIRECTION 
BAROMETR~C D AMBIENT AI R 
PRESSURE TEMPERATUR E 

CREW: 
TEST CONTROLLER ief.G.~)E ~fel,ll--. 

START 

s 

OPERATIONS DIRECTOR11t0Y ''""bOY""'\41?.. 

DATA CONTROLLER~ ~U,.,Q.v4. 

MOTORMAN 'AIL'1 i)A,.V\J 

GROUND CONTROLLER 
INSTRUMENTATION ______ _ REAR MO NI TOR txK t+~ t:::Q... 

VEHICLE CONFIGURATION: CAR l ~ 
\O S \(. LB 

THE FOLLOWING PAGES ~ONTAIN THE METHOD, 'QUICK-LOOK 
INDICATORS, TEST DAT~ AND RECORD NUMBERS FOR 
RECORDED DATA, 

• ~ 'fv\ O"\../C.1> ~ 'I ~ V ~c..~ 
~ 1...-oc<.s 

c.__~Q 
I 

C..All.~ iU ~P~o. 
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l 1 
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I "" 
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S·:r-v I, 1 }: S'/ ~ 
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SOAC TEST RUN I 003 I 
DATE: I ~/l-?/7J I TIME: STAR"5 STOP 

9 ',") 1 l : o"1.) 

J--------- --- -------·····-··--··-- ·· ---·-------------

PURPOSE: 

WEATHER CONDITION: 

WIND SPEED 

DIRECTION 

r-, Y. 

BAROMETR~C D AMBIENT AIR 
PRESSURE TEMPERATURE 

CREW: TEST CONTROLLER ~5 . C>(t..:.)S µ 

START 

STOP 

OPERATIONS DIRECTOR~'( l\~A11.. 

DAT A CONTROLLER Y'.':ftL1 ~'-I..~ 

INSTRUMENTATION 

MOTORMAN ~)' 0•vt~ 
GROUND CONTROLLER __ _ 
REAR MONITOR "D1 c..19- ~~!i~EL, 

- - --------- --- ---- ---------------~--- ---------
VEHICLE CONFIGURATION: CAR 1 @) 

THE FOLLOWING PAGES CONTAIN THE METHOD, 'QUICK-LOOK 
INDICATORS, TEST DAT~ AND RECORD NUMBERS FOR 
RECORDED DATA, 
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SOAC TEST RUN 

DATE: 11 )1.q, )73 I 
euReosE: .. ~\DE 

W\~ 

WEATHER CONDITION: 

WIND SPEED 

DIRECTION 

I O G4- I 
TIME: START STOP 

):SO '-\. •1s 

·•··-- . ~ .. -·--·. ---
Q V ~'-\..........., T,)A~ F~ GSJ: 

-s'' $ 14 I Jv-. ~ITVW 

·------·-

BAROMETR!C D AMBIENT AI R 
PRESSURE TEMPERATURE 

CREW: 
TEST CONTROLLER --e,t,CQ, ""TI.DS\~ 

START 

STOP 

OPERATIONS DI R ECTOR \.µ~-~\..LA'-'\:C. 

DATA CONTROLLER _ _ ___ _ _ _ 
MOTORMAN ~Ai'2-'1 DAV \~ 

GROUND CONTROLLER 
INSTRUMENTATION REAR MON I TOR ,;,\CK }1AS\: E. c..,, 

ADDITIONAL PERSONNEL _ ~\) ~ ~t'2AvsG _ __ _ __ ..;::..___ ___________ _ 
----·--·---- ------ ---~---- - - - --- - - -

VEHICLE CONFIGURATION: CAR l ~ 

THE FOLLOWING PAGES ~ONTAIN THE METHOD, 'QUICK- LOOK 
INDICATORS, TEST DAT~ AND RECORD NUMBERS FOR ! 

RECORDED DATA, 

r:i I,~;_}·•----:-- \ \ :i. <t.' 
71 .\ , _ t> I.='~ 
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-✓ 

-. . 
..) DATE: [~-Z.(,-15 l TIME: IH'.::11'~ ff~ 00 
C) . . · ~ _ .\1;,.·07 \~¥--

~H ND SPEED l 
l~ 

DIRECTION ~ 

euRPOSE: i,, V, ~ f<-AT<oH- Cr-1,e 'i.. 1H.sr< 
□. AMBIENT Ali; 

I . 
y lV/iY SI/)€ . f'f"OIS~-: . · TEMPERATUR E 

• - ,... .. i 

I . J/1 P€~-~-:H ,-:c1~0~ ~r~~~jQ;;:~;~. i : :c~~~-~,---7J!iifj; d ~ r 
c~~/3o.oy ---

* 
l ffil 
i . ~ 
\. _V 
! 
I 

I 

~/"I tv.r 2J - v · P···( Oow ft ---- - --- ... ·· ·- .-

CREH: 
TEST CONTROLLER \~¢ M~ ·soN . . 
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· SQAC TEST RI l.tl --
WI ND SPEED i 

---1 

1 DATE: TIME: 
DIRECTION 

~ 

G 

I . 

; 
I 

1--J 
i A 
i. V 
I 
' ,: 

. i 

I 

I 
I 

! 

I I 

. . 

fllRPOSE !. 
~ 

\. \ NYri.STI.GlfT/Off 

·□ AMBIEllT Alr? 
TEMPERATURE 

.. .. •·--· ----·- ·. -· -···---- .- -----~---~?~~~-- --- -- - ---- -,-·· -
VEHICLE COl'lFIGURATION ~-- CAR 1. C_~~--~ _. --·' . 

V-rz:.J2, 'DA r--i Pt..1'2-"D \ sc.o·N N ~c,_, CD · - ~o--rH C!AA.S · 
(),.19 ~~oc...\-l ~ - \._oc_\.i.E..O· ou, ~ \-\'Y DE:1't! ONL.Y 

.. --~W,,J,.t,~~~ 
.. -.. - - · ---- - · ••· -- . . 

CREW: 
TEST CONTROLLER ~o M? Sotv 

·. · OPERATtONS DIRECTOR \.\~1,Ll:'( 
DAT A CONTROLLER YLA m , N c 1< 

INSTRUMENTATION K "AV SI: 
S~Et<c.eA 

MOTORMAN 0Ay\S /\-\AS kSJ.. 
GROUND CONTROLLER '/'ltU~PH-V 
REAR MONITOR _\)..~us,~--

ADDlTIONAL_ PERSONNEL C LJt :E l YD DGA,j·NY 

• r 

u N C.oCi\?L.~ · - · \<Q N' 

, 
•.. . . 

' . 
-. 

~ 

. j 

I;J:-105 . . ..... 
• • 



SO/\C TEST H!Jll I
,,___ -_ _,_,_~,r.;r>'\ -

a er 2-··--·-·· _I 
\·' .. ' ... ' . ( ; . . . . :r:,~tj;•.1\ ~~ ... . . : .. . _____ ,_ 

--
DATE: [4 -n- 7..) I TIME: 

WI ND SPEED i 
l--
i 

DIRECTIOi-l ... I __ 

fURPOSE: 
.~ · 

AMB l E: !T A I R 
TEMPERATURE 

. .,.--:--:.--·~ . 
' . . · ... ~~-.. . ~ . . 

.: . ·--·---·--·-·-· - - ----·---·/~ -- - - ·· ---·--·-·--:- ··- - -- ----- - ··-:-··· -

.· . VEHICLE COl'!F.lGURATION: \ ~AR 1. CAR .2 . \ . .· 
. · .. v~~,1 (. ... '- '"DA.t+\'?t~- D\CE>CoM N ~c 'Tt!:O -~aw G'f~.s: 

. \'I ~ S \-\ e>c:.. \~S - Lee. i<' co . · o vT- . \-\ v DC::.. 1'i o , ... !(_ y . 
'{ -~ . \·~ Q . . . 

-? u.) \ rt C. \ (-2._D \~1 Le:, v71 -- . .... .. . - -·- . 

CREW: 
TEST CONTROLLER~om f'So t:( 

OP.ERATIONS DIRECTOR ~ ~.L:E Y . 
DAT A co NTR OLLER _ __;\/it....'-=-:;q;..:._r'lt:-..:...;.I N___::::.C. ..::.:L<'~ 

. INSTRUMENTATION ___ ,\:(....._ . .&..CIR'""'A_,;;v.....;:S.,_,:t:i;;;___ 

6 .£e:. f'I C ! .,< 
. -

ADDITIONAL PERSO NN EL 

I , 

. . 

MOTORMAN .\JA:¥1 S /R4·s kt£...(... ¥ , 

GROUND CONTROLLER ---
REAR MONITOR ,_, (>{ 

}::.- WA: 51-oc EQ t,JIP/J 7 ·t5 .,,.;..(- ;</~/Se. - ~.,-It// /"0~~0 rE'~T 

~ sc~ r· .~ · - so /'acvcr: 1 P._.:f- ~o,(J 5~ .so /'ot."vc< / ~5G,,.;~T 
.. . S-CJ /-'()t.-ve°~ . 5c> Cc:::,#sT · . · 

I • • 

$6<:7 

-----------·-- ---
------~.-:_j:-;0::-,~g~. 0.::-;-":~~1/ 

.. 

/ 

7_/ . c✓,A• _ . , I l,r '-. . ...... 
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SOAC TEST RUN /19 WIND SPEED 

TIME: 

PURPOSE: CAR. J.}o 2.. CH E"" c (c: 

AF r~-,,, L14· y u FJ 

. . 

TAR1 ~ STOP 3o 
. • - I V' I I 

DIRECT ION 

AMBIENT AIR 
TEMPERATURE 

. ·-- -- -- .. VEHI-CLE-CO-NF-.IG-UR-ATION~-~-CAR 1 - ~ ---------·-:-•·-

9 o oao ~ G . l)j , · 

·· --· -- - ·-·--- - - - --- •· · --· . -- . . 

CREW: 

OPERATIONS DIRECTOR_______ MOTORMAN c_;;,,,,-;d,r_' l/ _OA //$ 

DATA CONTROLLER C::, i;·Nt.,- Rrev !-•,)GROUND CONTROLLER .,:;~~-· .· ·_-. - 7 ·v,.:,·[ 

INSTRUMENTATION REAR MONITOR t, 1 (: . -:- ., _, ,... ,:-l ~ c .. 

, 

ADDITIONAL PERSONNEL 

/II 8 £A Tl OV , 
L( o· oA:._ 

,f 5" o K. 

-~O O t<. 

. . {" :,- Ore:.: 

··-/-~o '° ,-c 

~$"°" Dtc 

. 70 
7s 

t/C /~ y ~ L i e.,<./' 7 @ c ;q 8 £ ~_l) · 

,lc:,.:.y S~rCrV? <::_? C~/8 ~ A/ 

(jJ_ . ~o //ll,5 ce.. ~ TICJ"\J 

f,,{IFJ S LD ~A L. 

IAJ C> "-../ S£c7- T -
STA 6 7 6 

8 L-o vt.lc_/~ 
~ ,,,-:
/ 

1'!>-rC · -CA~ 
f\C 'r tO fJ Jtl£ ,vt 5 

o vc rl- ~ c.,,, IZ ~ , "-,-oa. 
,... . ,, 

L£VC L... M E" 'D -H•6H 
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' 

SOAC TEST RUN 

DATE: j 7/s/1-3 I 
I I 

PURPOSE: 

I 
I . \~ F) I _) c 

TIME: 
7 

R, DE Qu 1=\ c C1-tEG1<.. A..8tll_ 
Be:£: r- rJ r 

. . 

riEA I AEf< COdO I I l Oi·l: 

WIND SPEED 

DIRECTION 
I 

AMB I ENT AIR 
TEMPERATURE 

~ A. P- ~, , ,\.' sr R. iJ n 1 E)J. tr,, (J 0 e H c CJ::.. cJ cJr ··· . ----. ---------. - . - _--- _----------~-----~ s-~~---· . .. - -
. VEHICLE CONF°IGURATION: CAR 1 AR 2 OMeft 1-2_ ~~1 

. . . . ~'NJ> . .· 
. fil,KI- B . "JJ¢t.q;-re,.... 59'16 . . 

- . . . 

CREW: TEST CONTROLLER f.R~~f'~,J -· .. 

OPERATIONS DIRECTOR A: 'Vo\\w.ee--'f.e.. . MOTORMAN (;s--c,_'-{ ~v,·s 

DATA CONTROLLER (.,.~ '4.Av,.,-sf5 5£,,p,-~o GROUND CONTROLLER ' 1 11 

INSTRUMENTATION -:?-~C.~w . REAR MONITOR'l;), ±\,9;.s\<,\\ 
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SECTION 3. NOISE MEASUREMENT TESTS 
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SOAC TEST RUN I cos 

1)/lTE [ l I - I G.- 72. , 

e.,o;,J Fl &UR/ff I O,V 

Ac.~.:~-"- ) oe;c.. e..\... ) 
()\,"TA IN 'N <>\Se: 

/\fm./0.D: S6., -v? 
$i;q 2q to 

7/flf£ 

S::,\ ':;,,AN C. E Q 00"<..$ e 
,a s r,q · 3 3S 

I 

\ ~v "'-l CA~ tuJO o,~ec:TlaN ,a ¼,,k 
~ \//C\ L u A TE ,...,._ o-\ Q t'l . r I., ,,q s \-4 ~vE.~ 

~ ~ ',) r-t CAI<. AFT 0 1 It e:. c. 1'"1 cf'V' -;-o V ~ ""'K" 
IS\/ ,.,l.. v ,q T"£ I"'>? eJ7T,J A... F1..-'1SN" OVI:~ 

~~ . /:\c..c..~ (. c,,., f(. -zo 
1 

4 0) GO ,.,., PH 

PATH: 
3/ 

R,:;c.o(t I'.) .\\ r-1 e' ,o S P"E:'C.0 AN. 0 o, STAN' c.~ 

'De. c... C ._ . C. A R.. ,r;t O {'):1 L O 4 0 (;., 0 \"1 e 1-( 
I I 

Qc, C. 0(-t. C") \ \ \'\·t ~ A N 0 '()I~ T""'9 ~C. (; 

V.;)'-~NO ~o 6 ~A \.LE l ~Ni'1 M, ~ O.N '-'I 
~ r'2 ~ C..\-\'0"'(. 0 ,._, \... y 

Na1sE 0;0 r Al: 
i?u-e.e ~te<\or l oc.-c,...+lof'\S Q ~eJ 

I 
O, -io, ~o, (aC) MPrl 

Two f:)l"tuior Pos ~l\-(h\$ @ O 
I 

l.CJ
1 

4-o, bo MPH f~•~, 
AH ~\~r. ~~ ~ . . Sf~ 
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F,i.c»ST C.'E~ 

o-t•fl. * \ "TRJt.. 
' .. 
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0 (.Z- (.\ 

2r ',3 <o \ 

,~ ~3 ~, 
50 ~s (o, 

70 12.. ~s-

)t,eel~n,J,,',., C.3 (ol.. ~ 

0 <,z.. (.,2.,. 

z,6 (., 3 <,l.S-

5b (p3 \o'Z... 

. 50 eos· lt,3 

70 12. <oS"" 

0 

~~f\il 
0.•a..._Z. ,a,K 

c.s ~ 

~4.S" 

Co..\ 

<oS-

Co1 

10 

ts,(o * 
CoS-

<- ➔ 

CoS-

tt,7 

70 

I @11/1 i :ue ~ ..,d,.: r.~•r 

N:'!S:l~ /e- ,N,/ ,!e t c, 

/<' ds t'b7?ttr:c'.J
1 
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This report presents the results of a vibration reduction 
program conducted on the State-of-the-Art Car (SOAC) to 
improve ride quality. The testing included two ride 
quality vibration surveys, two vehicle shake tests, and 
a wheel concentricity test. All tests were performed at 
the DOT High Speed Ground Test Center (HSGTC) during the 
period April through July 1973. 

This program of testing and analysis indicated the 
structure supporting the motor alternator should be 
modified. This modification was designed by Boeing 
Vertol a nd installed on the vehicle at HSGTC. A shake 
test verified the predicted structural response and a 
follow-up ride quality survey substantiated that the 
objectionable vibrations had been eliminated. 
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1.0 INTRODUCTION 

During acceptance testing of the SOAC on the Urban Mass Transit 
Authority's (UMTA) 80-mph test oval, passenger observations 
indicated a vertical ride quality vibration problem existed on 
the vehicle. The most noticeable vibration occurred near 80 mph, 
although car body vibrations were evident at other speeds. 
Vibration near 80 mph was characterized by motions of the floor, 
ceiling panels and seats. These observations and passenger com
ments precipitated a diagnostic and corrective program which 
included: a diagnostic ride quality vibration survey, vehicle 
shake test, analysis, subsequent structural modification, veri
fication shake test, ride quality survey, and a wheel concentri
city test. These tests were performed at the HSGTC, Pueblo, 
Colorado, in parallel with the acceptance testing. 

The vibrations of interest were at frequencies higher than are 
normally treated by a truck builder; that is, higher than the 
rigid body suspension frequencies. However, the services and 
test equipment of the truck supplier (GSI) were used in the diag
nostic testing. Since the frequency of vibration was associated 
with car body flexible modes, St. Louis Car Company requested the 
assistance of the Boeing Vertol Company to conduct the diagnostic 
testing, associated analysis, and detailed design of the necessary 
structural modifications. 
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2.0 INITIAL RIDE QUALITY TEST 

2.1 PURPOSE OF TEST 

The main purpose of this diagnostic test was to provide a quan
titative evaluation of any vibration problems of the vehicle 
and investigate in detail the observed 80 mph problem. 

2.2 TEST EQUIPMENT 

Six Statham linear accelerometers of the unbonded strain gage 
type were used to record the ride quality characteristics of 
the vehicle. Three vertical car body accelerometers were used: 
one located over the bolster (Station 108); one located over 
the center of the car (Station 450); and one over a point in 
between (Station 225). An exploded view of the SOAC identify
ing the station numbers of the vehicle is presented in Figure 3. 

One longitudinal accelerometer was used and placed in the car 
over the bolster. The other two vertical accelerometers were 
located on the truck bolster and on the No. 1 traction motor. 
Data were collected on a six-channel Honeywell Visicorder Model 
906-C. All of this instrumentation was supplied by General 
Steel Industries. 

2.3 TEST PROCEDURES 

The facilities at the HSGTC were used for this ride quality test. 
Data were recorded on UMTA's 80-mph test oval, traveling at 
various planned speeds with the car moving in forward and reverse 
directions over track section 1, Station 160, a straight and 
level track with wooden ties and welded rail. Figure 5 iden
tifies the track section and station number. Data were collected 
on the No. 2 SOAC, the high density car, at the 90,000 lbs. light 
car weight. 

All data records were of at least 10 seconds duration and were 
reduced manually. Visual observations were made of the interior 
of the car throughout the duration of the test to detect any 
other vibration problems which may not have been recorded by the 
instrumentation available. 

2.4 RESULTS OF TEST 

The results of the ride quality test provided a quantitative 
substantiation of the severe vibration problem evident near 
80 mph in the SOAC. Figures land 2 show a summary of car body 
vertical vibration data at 25, 35, SO, 60, 65, 70, 76 and 80 mph. 
The data in both figures are presented for three different car 
body locations: at the car centerline over the forward bolster 
(Station 108); at the center of the car (Station 450); and at 
a point in between (Station 225). 
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Figure 3 shows an exploded view of the SOAC vehicle illustrating 
the car body locations under discussion. Figure 1 presents the 
vertical vibration data as g's versus frequency plotted against 
the SOAC goal. These data show there are two frequency ranges: 
1.2 Hz to 1.7 Hz and 7 Hz to 1 5 Hz. These bands correspond to 
rigid body suspension modes and car body flexible modes respec
tively. The worst vibration levels occur in the center of the 
car at 14.5 Hz where there is a band extending from .10 g's to 
.26 g's. Figure 2 presents the same ride quality data as Figure 1, 
except the g levels are plotted against speed. This includes 
only data taken from the higher frequency range (7 Hz to 15 Hz). 

Observers commented the ride was generally smooth but defined 
three speeds with particularly noticeable vibration. A mild 
vibration was reported between 35 mph and 45 mph and the data of 
Figure 2 show some evidence of this at the mid-car location. 
More noticeable to observers was the vibration near 64 mph which 
is seen in the data of Figure 2 at each of the three car body 
stations. A severe vibration involving amplitude modulation 
(beating) was evident near 79 mph. 

Car body vertical accelerometer waveforms indicated a high ampli
tude vibration with a 9-second beat was present in the data 
measured over the center of the car (Station 450). This beat 
produced an amplitude modulation 'of the vertical acceleration 
between .10 g's and .26 g's at approximately 15 Hz at this loca
tion. A sample acce lerometer trace showing the beating that 
occurred is shown in Figure 4A. 

The data of Figures 1 and 2 indicate that, in the higher fre
quency ranges, the accelerations exceed the SOAC goal. In 
fact, observers were satisfied with the ride quality over the 
whole speed range with the exception of 64 and 80 mph. An 
explanation of this acceptance is that the manual reduction of 
response data may have resulted in incomplete separation of 
frequencies a nd consequent "lumping" or summing of acceleration 
values near selected frequencies. This resulted in the large 
test values shown at the higher frequencies. 

Part of this vibration survey was devoted to determining the 
effect of the secondary suspension vertical hydraulic dampers 
on car body acceleration levels. A comparison of vibrati ons 
with dampers connected vs. dampers removed for car body longi
tudinal, mid-car vertical, motor alternator vertical, traction 
motor vertical, car cab vertical, and truck bolster vertical 
vibration levels, is shown in Figure 6. It can be concluded 
that except for c ar body longitudinal, the levels in the higher 
frequency range were reduced with dampers off. 
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The effect of car body-mounted equipment was considered i n 
light of the findings of NASA TN D-6735 "Dynamic Responses of 
Railroad Car Models to Vertical and Lateral Rail Inputs" by 
Sewall, Parris, and Darling. The largest of these is a flexibly
mounted motor alternator supported on secondary structure at mid
car. To determine the effect of the motor alternator suspension 
frequency on car body vibration levels, shims between the motor 
alternator mounting brackets and the motor alternator hard points 
were also evaluated. These shims were intended to lock out the 
motor alternator isolation mounts. Two shim materials were used: 
wood and steel . 

The results of this testing are a lso shown on the lower section 
of Figure 6 and indicated that car body vibration levels were 
significa ntly lower with wood shims and significantly higher with 
steel shims. The predominant frequency content of the waveforms 
analyzed was approximately 15 Hz for this 80 mph test condition. 

2.5 CONCLUSIONS 

The results of the ride quality test provided a quantitative 
substantiation of the severe vibration evident near 80 mph in 
the SOAC. Mild vibration was reported between 35 mph a nd 45 mph 
and near 64 mph . Car body vertical accelerometer wavef orms · 
indicated a high amplitude vibration with a 9-second beat was 
present in the data measured over the center of the car near 
80 mph. 

Tes t ing to this point did not provide an understanding of the 
measured ride quality results. In addition, the frequencies 
of vibration observed in the test data could not be correlated 
with_an~ car body vibration modes since there were no a nalytical 
predictions of car body f lexible modes and frequencies. To 
understand ~h: dynamics of t~e vehicle in the frequency range 
above the rigid body s uspension frequencies, it was concluded 
the best course of action would be to perform a shake test of 
the SOAC. 
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3.0 INITIAL VEHICLE SHAKE TEST 

A clear definition of the dynamic characteristics of the vehicle 
was necessary to understand the results of the ride quality 
vibration survey discussed in Section 2.4. In addition, many 
of the physical parameters required for an analytical study of 
the SOAC were not readily available and could be expediently 
determined from measurements recorded during a shake test. 

3.1 PURPOSE OF TEST 

The purpose of the initial SOAC shake test was threefold: 

1. Determine the car body vertical bending modes 
and frequencies. 

2. Determine truck modes and frequencies. 

3. Determine the effect of the motor alternator 
on car body vibration. 

3.2 TEST EQUIPMENT 

Six Statham linear accelerometers were used to record the dynamic 
response of the test car. These were mounted to rigid metal 
brackets which could be conveniently moved a nd attached to the 
structure with "C" clamps or secured to the car body floor with 
lead weights. Excitation forces were supplied by an electric
driven Lazan Model LAl Shaker. Accelerometer outputs were 
recorded on a six-channel Honeywell Visicorder Model 906C. This 
instrumentation was supplied by General Steel Industries. 

3.3 TEST PROCEDURES 

The test was conducted at HSGTC on the No. 1 SOAC (low density 
car) at the 90,000 lbs. light car weight. 

Car No. 2 had been used in the initial ride quality test but was 
not available for these shake tests. The cars are identical 
structurally and the results are applicable to both. 

During the test a shaker was used to apply a sinusoidal exciting 
force to ei ther the car body or truck frame. When exciting the 
car body, the shaker was attached to the anticlirnber at the Rend 
of the car. Both a vertical and longitudinal shake of the car 
body were conducted. Figures 7a and 7b show the vertical and 
longitudinal shaker configurations. For truck excitati ons, the 
shaker was attached with clamps to the underside of the truck 
frame cross transom. 
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For each test configuration, frequency sweeps were obtained 
over the band extending from 6 Hz to 20 Hz in .5 Hz increments. 
When a natural mode was located the shaker frequency was fine
tuned to determine the frequency and amplitudes at resonance. 
In addition, detailed probes of the structure were carried out 
to determine the mode shapes. No attempt was made to shake the 
car body at the rigid body suspension frequencies because of the 
limited force output of the shaker at low frequencies . 

The characteristics of the Lazan Model LAl shaker is shown in 
Figure 8. The force output of the shaker increased with the 
square of the exciting frequency. To obtain data which would 
be representative of a constant force input, all data were 
scaled to a 500-lb. input force. Dynamic time histories were 
obtained but no attempt was made to determine the phase angle 
be tween pickups except at the natural modes. After the frequency 
sweeps for a particular configuration were completed, these p l ots 
were studied for resonant amplitudes. The test program defining 
shaker alignment, pickup locations, and excitation f r e quencies 
used in the shaker diagnostic testing was suggested by Boeing 
Vertol and executed by General Steel Industries. 

3.4 RESULTS OF CAR BODY SHAKE TEST 

Frequency response curves for car body vertical excitation at 
the Rend of the car are shown in Figures 9 through 12 . Pickup 
locations are at the Rend of the car, Station 450, Sta tion 673, 
and on the motor alternator. All data are for a vehicle weight 
of 90,000 lbs. and a shaker force of 500 lbs. A diagram show
ing the car body locations identified on these figures is pre
sented in Figure 3. 

A review of the se curves indicates there are four car body 
flexible modes in the frequency range of 6 Hz to 20 Hz a nd they 
occur at 8.1 Hz , 12.25 Hz and two between 15 Hz and 15.2 Hz . 
The f act that there are two modes in the 15 Hz to 15.2 Hz range 
is not r eadily evident from examination of the frequency response 
curves . However, during the test, attemps to fine-tune the 
shaker in this f r eque ncy range proved difficult and i t was noted 
there we r e actually two peaks within approximately .2 Hz. The 
data of Figure 9 taken at the R e nd of the car exhibit a large 
vertical respons e near 8 Hz which was later found to be the f i rst 
vertical bending mode as shown in Figure 13. There is also a 
suggestion of a mode near 12 Hz and a major response near 15 Hz. 

Figure 10, data taken at the c ente r o f the car (Station 450), 
substantiates the pre sence of a resonance ne ar 12 Hz . Figure 11 
i s dominated by the 15 Hz peak a nd, a s can be seen in Figure 1 3, 
the pickup was ne ar the antinode of the 15 Hz peak and c l ose t o 
the node of t he 8 Hz prima ry vertical bending mode . Figure 1 2 
shows the response o f the motor alternator itself is s i milar to 
the response o f the car body floor over this component for the 
e ntire freque ncy range explored. 
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The mode shapes were determined as shown in Figures 13, 14 and 
15. Detailed probing of the car body at the major resonances 
revealed the 8.1 Hz mode is the first vertical bending of the 
car body. The two modes between 15 Hz and 15.2 Hz involved 
localized bending of the three motor alternator lateral support 
beams and a higher order car body bending mode. Continued prob
ing disclosed there was substantial bending of the motor alter
nator lateral support beams at approximately 15 Hz, but no bending 
was detected of any other equipment support beams. The mode 
shapes of the motor alternator lateral support beam and traction 
motor cooling fan support beam are shown in Figures 14 and 15. 

As a result of the ride quality testing described in Section 1.0 
it was evident the mounting of the motor alternator had a large 
effect on the mid-car body vibration. Therefore frequency response 
curves were also determined with steel shims between the motor 
alternator support brackets and the motor alternator hard points 
to lock out the isolation. These results are presented in 
Figures 16 through 19. From these data several significant 
conclusions were evident: 

1. Vibration levels at the Rend of the car were not 
affected by shims but the levels at mid-car 
(Station 450) were increased by a factor of 
2:1 at the 15 Hz - 16 Hz range when shims were 
in place . 

2. Vibration levels over the Rend traction motor 
cooling fan (Station 673) were higher by a factor 
o f 2:1 at the 15 Hz - 16 Hz range without shims. 

3 . Vibration levels on the motor alternator were not 
significantly affected by shims. 

4. There was no effect of shims on the 12.25 Hz mode. 

Additional curves were obtained by orienting the shaker in the 
longitudinal direction on the R car end and these data are pre
sented in Figures 20 through 23. Pickup locations are Station 
673 (vertical), motor alternator, R car end, and mid-car seat 
back. From these curves it was noted: 

1. Figure 20 shows there is coupling between the longi
tudinal and vertical directions in the 12.25 Hz and 
15 - 15.2 Hz modes . A longi tudinal excitation of 
the car body results in significant vertical response 
of the structure at Station 673. This coordinate 
coupling was noted during the ride quality vibration 
survey, during which the 15 Hz vertical vibration was 
accompanied by substantial car body longitudinal 
vibration. The response was tabulated in Figure 6. 

12 

• 



D174-10025-1 
THE BOEING COMPANY 

2. The 12.25 Hz mode was found to be the motor alternator 
oscillating on its support beams in the longitudinal 
direction, moving out of phase with the car body. The 
frequency response curves are shown in Figures 21 and 22. 

3. The mid-car seatback exhibits a resonance in the longitu
dinal direction at 15.4 Hz. This response curve, shown 
in Figure 23 is for an unloaded test. This seat, when 
empty, had been noted to exhibit large longitudinal motion. 

3.5 RESULTS OF TRUCK SHAKE TEST 

Shaking the truck frame vertically, the response curves shown 
in Figures 24 through 27 were determined. These data indicate 
the truck frame vertical frequency is at 9.8 Hz with the verti
cal hydraulic dampers off (Figure 24) and 10.4 Hz with dampers 
on (Figure 25). The validity of this shift is in question since 
it was observed that there was virtually no damper motion at the 
small shake test amplitudes and all relative motion between the 
truck frame and bolster was being taken up by the elastomer 
bushing at the upper end of the damper link. The effect on 
R car end vibration with and without dampers is shown by compar
ing Figure 26 (dampers off) with Figure 27 (dampers on). This 
data would indicate the car body levels are reduced by having 
the hydraulic dampers in place, but again this may be invali
dated by the above-mentioned factors. 

3.6 CONCLUSIONS 

Four car body flexible modes were identified in the frequency 
range of 6 Hz to 20 Hz, and they occur at 8~1 Hz, 12.25 Hz and 
two between 1 5 Hz - 15.2 Hz. Detailed probing of the car body 
at the major resonances revealed the 8.1 Hz mode is the first 
vertical bending of the car body. The mode at 12.25 Hz was the 
motor alternator oscillating on its support beams in the longi
tudinal direction. The two modes between 15 Hz and 15.2 Hz 
involved localized bending of the three motor alternator lateral 
support beams and a higher order car body bending mode. The 
truck frame vertical frequency is approximately 9.8 Hz. 

From the shake test data it was concluded that the two modes 
between 15 Hz and 15.2 Hz were the cause of the vibrati on 
problem identified in the ride quality surveys described in 
Section 2.4. The presence of these two modes in close proxi
mity would cause beating of the car body vibration at a frequency 
equal to the difference of the two modal frequencies. 

Since a major structural modi fication to the vehicle underframe 
would be required to shift the car body mode, the decision was 
made to stiffen the motor alternator support structure to sepa
rate the car body bending mode from the motor alternator support 
beam bending mode. 
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4.0 MOTOR ALTERNATOR SUPPORT STRUCTURE ANALYSIS 

The results of the shake test described in Section 3.5 indi
cated the close proximity of two natural frequencies~ the 
higher order car body bending mode, 15 Hz, and the motor alter
nator on its support structure, 15.2 Hz. It was decided to 
design a modification to the motor alternator support structure 
to introduce a sufficient degree of decoupling of the two modes. 

4.1 DESCRIPTION OF ANALYSIS 

To optimize the structural modification of the motor alternator 
support beams a finite element model was developed and is shown 
in Figure 28. Clock springs representing the side sill tor
sional stiffness were included to simulate the actual end con
ditions of the lateral beams. Additional node points were 
eventually added to the model to permit a detailed representation 
of the stiffening material. The final model of the proposed 
modification, with the values of beam bending inertia required 
to obtain the desired frequency shift, is also shown in Figure 28. 

4.2 RESULTS OF ANALYSIS 

Figure 29 shows a plot of the dynamic amplification factor of 
the motor alternator beam bending mode to the wheel rotational 
frequency for the baseline configuration and several frequencies 
up to 19.5 Hz, the objective for the modification. 19.5 Hz was 
selected by making a tradeoff between a practical structural 
modification of minimum weight and an acceptable dynamic ampli
fication factor from the wheel rotational frequency. A fre
quency spread of approximately 4.5 Hz between the higher order 
car body bending mode and the motor alternator lateral beam 
bending mode would eliminate the possibility o f beating. 

In addition to separating t he two vertical modes, an analysis 
was performed to optimize the structural modification required 
to shift the 12.25 Hz mode above 20 Hz. The necessary longitu
dinal stiffness was provided by four canted struts providing 
axial stiffness. 

Photographs showing details of the lateral and longitud inal 
stiffening of the motor a lternator support structure installed 
on the SOAC cars are presented in Figures 30 through 32. This 
installation was performed unde r Boeing Vertol supervision at 
the DOT HSGTC. 
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5.0 SECOND VEHICLE SHAKE TEST 

Following the modification to the motor alternator support struc
ture a second shake test was conducted. 

5.1 PURPOSE OF TEST 

The purpose of the second vehicle shake test was to determine 
the actual, as-built characteristics of the structural modifi
cation to the motor alternator support beams. 

5.2 TEST EQUIPMENT 

The test equipment was the same as described in Section 3.2. 

5.3 TEST PROCEDURES 

The test procedures were similar to those described in Section 
3.3. The shaker was located at the R car end and only a vertical 
shake was performed. 

5.4 RESULTS OF TEST 

Frequency response curves for car body excitation are shown in 
Figures 33 and 34. All data presented are for a car 
weight of 90,000 lbs. and a shaker force of 500 lbs. A diagram 
showing the car body locations identified on these figures is 
presented in Figure 3. 

From these curves several conclusions were determined: 

1. As e xpected , the structural modification did not 
change the frequency of the first vertical bending 
mode. 

2. The motor alternator longitudinal mode, previously 
at 12.25 Hz, has been shifted above 20 Hz as planned. 

3 . The higher order car body bending mode at approxi
mately 15 Hz was unaffected . 

4. Stiffening the motor alternator support beams 
shifted the beam bending mode to 19.4 Hz, close 
to the value predicted by the analysis of the 
modification. (See Figures 33 and 34.) 

New mode s h apes of the car body a nd motor alternator support 
beams are shown in Figures 35 and 36 respectively. 

It should be noted that the coupler vibrated substantially at 
approximately 15 Hz and was shimmed throughout the test. 
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5.5 CONCLUSIONS 

The structural modification to the motor alternator lateral 
support beams shifted the 15.2 Hz mode to 19.4 Hz. The motor 
alternator longitudinal mode, previously at 12.25 Hz, has been 
shifted above 20 Hz as planned. The 4.4 Hz frequency differ
ential between the higher order car body bending mode (15 Hz) 
and the motor alternator lateral beam bending mode (19.4 Hz) 
insures there will not be beating between these two modes. 
This change in frequency should alleviate the vibration prob
lem near 80 mph. Shifting the longitudinal mode above 20 Hz 
should eliminate the 12 Hz vibration previously noted near 
64 mph. 
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6.0 SECOND RIDE QUALITY TEST 

6.1 PURPOSE OF TEST 

The purpose of the second SOAC ride quality test, also conducted 
at the HSGTC, was to determine the actual effectiveness of the 
motor alternator modification on ride quality. 

6.2 TEST EQUIPMENT 

The test car and instrumentation were the same as that described 
in Section 2.2. Resilient wheels had been installed on both 
SOAC cars in preparation for acoustic testing. The spring rates 
of the resilient wheels are several orders of magnitude higher 
than either the primary or secondary suspension system spring 
rates and would not be expected to influence vibration in the 
O Hz to 20 Hz frequency range. 

6 . 3 TEST PROCEDURES 

The procedures were the same as in Section 2.3. 

6.4 RESULTS OF TEST 

The ride quality summary of Figure 37 when compared with Figure 1 
indicates the vibration at or near the rigid body suspension 
frequencies is virtually unchanged. At the higher frequencies 
there is little or no change ·over the bolster but significant 
improvement, from an average value of .07 g's to an average value 
of .OS g's, was measured at mid-car (Station 450) and at 
Station 225. 

Comparison of Figure 38 with Figure 2 substantiates the improve
ment near 65 mph and 80 mph reported by observers. The mild 
vibration near 40 mph noticed in the initial ride quality test 
remains relatively unchanged. The frequency of vibration near 
40 mph is associated with the first vertical bending mode and 
is unaffected by changes to secondary structure. At speeds 
between 40 mph and 70 mph, vibration at the center of the car 
and at Station 225 has been improved from .075 g's to .050 g's. 
No effect is noted over the bolster. The vibration previously 
observed near 65 mph is no longer evident. The beating of the 
vertical vibration observed near 80 mph has been eliminated. 

Maximum acceleration levels are now about .10 g's near 15 Hz 
vs .. 26 g's in the initial ride quality test. These levels are 
related to the higher mode of the primary structure which was 
unchanged. As predicted by the analysis, the response from the 
mode involving bending of the motor alternator support structure 
was eliminated. 
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Figures 4a and 4b show accelerometer waveforms of car body 
vertical accelerationsat the center of the car before and 
after the change to the motor alternator support structure 
was made. These data indicated the beating phenomenon was 
eliminated by separating these two modes. Several circuits 
of the test track were made at 80 mph to insure the beat 
phenomenon did not occur on other· track sections. 

During the test a local vibration at 15 Hz was observed in the 
rear of the car. The data indicated the possibility of a car 
body-mounted component impacting the undercar structure. As 
noted in Section 5.4, the coupler vibrated considerably during 
the shake test at this frequency. . This information led to the 
decision to temporarily install wooden shims near the coupler 
anchor. Data showing the improvement by shimming the coupler 
appears in Figure 39. The coupler centering mechanisms on 
Car 1 and Car 2 were not operative, thus permitting the couplers 
to vibrate. This condition will not exist with the coupler 
centering mechanism activated. 

6.5 CONCLUSIONS 

Ride quality characteristics of the vehicle were altered by 
modification of secondary support structure while characteris
tics influenced by primary structure were unchanged. Vibration 
leve ls decreased from .07 g's to .05 g's at mid-car (Station 
450) and Station 225. The mild vibration near 40 mph noticed 
in the initial ride quality test remains relatively unchanged 
but the vibration previously observed near 65 mph is no longer 
evident. The beating of the vertical vibration observed near 
80 mph has been eliminated. Maximum acceleration levels are 
now about .10 g's near 15 Hz vs .26 g's in the initial ride 
quality test. 
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7.0 WHEEL CONCENTRICITY TEST 

7.1 PURPOSE OF TEST 

The purpose of the wheel coricentricity test was to obtain a 
quantitative measure of the wheel flats, concentricity, and 
degree of lateral wheel runout. These data could then be 
compared to AAR Standards and wheel specifications for various 
transit authorities. 

7.2 TEST EQUIPMENT AND PROCEDURES 

During the test a fixture was attached to the axle centerline 
and four dial gages were mounted to this fixture in such a way 
that they made contact with the wheel. Figures 40 and 41 show 
a picture of the test apparatus. Two gages were used to meas
ure the concentricity and two to measure the lateral wheel run
out. The measurement of concentricity was made at the tape 
line, the specified location for measurement of wheel diameter. 
This tape line is 2- 13/32 inches from the outside rim. 

After the fixture and gages were in position, a forklift was 
used to pull the car so that ten or more measurements could be 
taken for one wheel revolution. This process was repeated for 
all wheels on both SOAC cars. For data collection purposes 
each wheel was designated an identification number. Figure 42 
presents this informat ion. 

7.3 RESULTS OF TEST 

This test was performed after the initial ride quality vibra
tion survey indicated high car body vibration levels. During 
that time it is believed wheel wear reduced the magnitude of 
the flats. This theory is substantiated by observation that 
the · "wheel click" was reduced substantially over this time 
period. Journal box accelerometer data taken after the braking 
and performance tests showed a spike at the wheel rotational 
frequency. This spike was not evident in journal box data 
collected sho rtly before the concentricity test. 

A summary of t h e wheel concentricity and lateral runout test 
results is presented in Figure 43. Total Indicator Reading (TIR) 
for these parameters is shown for all eight wheels of both 
SOAC land SOAC 2. Tabulated data of all concentricity meas
urements made during the test are shown in Figures 44 thr.ough 
47. Measurement of wheel flat and buildup data are shown i~ 
Figure 48. A maximum buildup of .007 inch on the SOAC l 
occurred on the No. 3 wheel. Wheel No. 7 on SOAC 2 had a maxi
mum buildup of .011 inch. Wheel flat data indicated a maximum 
depth of .018 inch (No. 3 and No. 4 wheels) and ~10 inch (No. 2, 
6 and 7 wheels) on SOAC No. 1 and SOAC No. 2 respectively. 
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A comparison of TIR for all eight wheels of both SOAC 1 and 2 
with AAR Standards and several transit authorities' standards 
(see Figure 43) indicates the eccentricity of the SOAC wheels 
is well within these specifications. 
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8.0 CONCLUSIONS 

8.1 INITIAL RIDE QUALITY TEST 

The results of the ride quality test provided a quantitati ve 
substantiation of the severe vibration evident near 80 mph in 
the SOAC. Mild vibration was reported between 35 mph and 
45 mph and near 64 mph. Car body vert ical accelerometer wave
forms indicated that a high amplitude vibration with a nine
second beat was present in the data measured at the center of 
the car near 80 mph. 

8.2 INITIAL VEHICLE SHAKE TEST 

Four car body flexible modes were identified in the 6 to 20 Hz 
range. From the test data it was concluded that the two modes 
between 15 Hz and 15.2 Hz were the cause of the vibrati on prob
lem identified in the initial ride quality test. These two 
modes involved localized bending of the three motor alternator 
lateral support beams and a car body bending mode. The p r es
ence of these two modes in close proximity would cause beating 
of the car body vibration at a frequency equal to the difference 
between the two modal frequencies. 

8.3 MOTOR ALTERNATOR SUPPORT STRUCTURE ANALYSIS 

A finite e lement model was deve l oped to optimize the structural 
modification of the motor alternator support beams . Structural 
members were sized to shift the 15.2 Hz mode to 19.5 Hz . This 
frequency was s e lected by making a tradeoff between a practical 
structural modification of minimum weight and an acceptable dyna
mic amplification factor from the wheel rotational frequency. 

8.4 SECOND VEHICLE SHAKE TEST 

The structural modification to the motor alternator lateral 
support beams shift ed the 15.2 Hz mode t o 19.4 Hz. The 4.4 Hz 
frequency differential betwee n the higher order car body bend
ing mode (15 Hz) and the motor a lternator beam bending mode 
(19.4 Hz) insures against b e ating between these two modes. 
This change in freque ncy should a lleviate the vibration problem 
near 80 mph. Shifting the longitudinal mode above 20 Hz will 
reduce the 1 2 Hz vibration leve ls near 64 mph. 

8.5 SECOND RIDE QUALITY TEST 

The modifi catio n to the motor altern a tor support structur e 
eliminated the obj ectionable v ibration n e ar 64 mph and t he 
beating phenomenon near 80 mph. Ma x imum vibrat ion levels at 
the highe r frequencies (15 Hz ) have been reduced from . 26 g's 
to .1 g. Although this e xceeds the design goal o f .055 g 's at 
this frequency, this is probably the result of data reduction 
technique as explai ned in Se ction 1.4. The SOAC is considered 
satisfactory by passenger observers. 
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8.6 WHEEL CONCENTRICITY TEST 

All eight wheels of both SOAC 1 and 2 were well within the 
AAR and several transit authority standards for wheel con
centricity and lateral runout. 

22 



Dl74-10025-l 
THE BOEING COMPANY 

9.0 RECOMMENDATIONS 

A review of the SOAC shake test and ride quality test procedures, 
equipment and data collection techniques have prompted the 
inclusion of this section of the r~port. Its purpose is to 
document pertinent facts learned during these tests and to 
make recommendations to improve future testing. 

9.1 SHAKE TESTING 

When performing a rail car shake test, the following should 
be considered: 

9.1.1 - Utilize a continuous sweep oscillator to control the 
shaker frequency. Simultaneously obtain accelerometer output, 
amplitude and phase vs . frequency and automatically record 
these data with an X-Y plotter . If this equipment is not 
available, frequency sweeps should be performed manually in 
sufficiently small increments to define accurately the system 
frequency response curves. If manual tuning of the shaker is 
required, a fine adjustment of the frequency should be made 
in the region of a resonant amplitude to precisely determine 
the modal frequency. 

9 . 1.2 - An accelerometer should be located on the structure 
adjacent to the shaker location to determine amplitude and 
phase at the input source. These data are helpful in providing 
a check on the recording instrumentation. 

9.1.3 - A sufficient numbe r of accelerometers should be used 
to expediently determine the flexible mode shapes. If the 
number of available accelerometers is limited, probes of the 
structure must be undertaken to accurately determine details 
of the mode shapes. 

9.1.4 - Car body equipment mounts should be checked to insure 
that they are not bottoming at any frequency or amplitude. 

9.1.5 - Throughout the duration of the tes~ visual observations 
should be made to detect any panel or equipment resonances. 

9.1.6 - To determine the car body modes and frequencies, 
excitation should be applied in three directions: vertical, 
lateral and long itudinal. The shaker should be placed at 
two locations on the structure to insure that one of the 
locations is not a node point of a mode. It is recommended 
that one point lie off the car centerline to obtain ample 
excitation of the car body lateral/torsion modes. 

9.1.7 - Excitation should be applied to the truck frame to 
determine vertical/pitch/roll modes and frequencies. 
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9.1.8 - Frequency response curves should be generated for 
any massive car body-mounted equipment. 

9.1.9 - On-site data reduction should be performed so that 
modes and frequencies can be identified while the test is still 
in progress in the event further investigatory testing is 
required. 

9.2 RIDE QUALITY TESTING 

For ride quality testing: 

1. Any speed sweeps should be made over the same track 
section. 

2. Periodically walk through the vehicle to note any 
panel, seat, door or floor motion. 

3. Relate frequencies observed in the ride quality 
testing to modes and frequencies determined in the 
shake test in order to establish which mode is the 
primary contributor to the vibration levels at each 
speed. 

4 . Monitor the "quick look" outputs to insure that 
paper speed and gains yield meaningful and easily 
readable data. 

9.3 GENERAL 

9.3.1 - A relationship between car body modal frequencies 
and primary excitation frequencies throughout the speed 
range should be obtained to optimize the design of the vehicle 
to achieve superior ride quality characteristics. 

9.3.2 - A three-dimensional finite element analytical model 
of the car body should be developed and include primary and 
secondary structural elements to calculate the coupled 
natural modes and frequencies. These results should be com
pared to the relationships described in Item 9.3.1 to deter
mine if any modification to the structure is required. 

9.3.3 - Analytical predictions of the car body and truck modes 
and frequencies should be correlated with shake test data to 
confirm the validity of the idealization techniques. 

9.3.4 - A ride quality test should be performed to confirm the 
relationships established in 9.1.1 above. 
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T HI!: .BOEING COMPANY 
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CARBODY VERT ICAL ACCELERATION 
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SAMPLE ACCELEROMETER OUTPUT 

GROSS WEIGHT= 90 , 000 LB . 
SPEED 80 MPH 

PEAK ACCELERATION= .26 g's 
INITIAL RIDE QUALITY TEST 

. 5 g's/In. 

3 4 5 6 7 8 9 

TIME - SECONDS 

PEAK ACCELERATION= .10 g's 

RIDE QUALITY TEST AFTER MOTOR 
ALTERNATOR STRUCTURAL MODIFICATION 

.5 g's/ In. 

-' 

2 3 4 5 6 7 8 9 

TIME - SECONDS 

-i 
I 

"' 

= I 
I 
0 
0 
I 
11 
► z 
-< 

;;o z 
me 
< 3','. 
r o:, 
-4 m 

I ;;o ; 

-...J 
A 
I 

I-' 
0 
0 
N 
v, 
I 

I-' 



THK IIIIIING COM,.ANY 

DOT 9 MILE TEST TRACK OVAL 
PUEBLO, COLORADO 

NUMBERD174-1002~-l 
REV LTR 

119# WELDED RAIL 
CONCRETE TIES I 

( 24 11 0. C.) 

.1.19# WELDED RAIL, 
CONCRETE TIES 

(33" o.c.) 

119# 
WELDED RAIL, 
( 30 11 ON .no 

TANGENT; 2 7 11 

ON CURVE) 1KJ 

CONCRETE 
TIES 

,no 'IIO 

VI 

#24 TURNOUT 

I V 
(8000 FT OF TANGENT 
±3500 FT OF CURVE 
=11,500 FT) 

III 

(17,500 FT) 

SECTION I 

SCREECH LOOP 
(150' R) 
#16 TURNOUT 

(3 500 FT OF TANGENT 

100# JOINTED RAIL, 
WOOD TIES (24" ON 
CURVE) 

+ 5500 FT OF CURVE 
= 9000 FT) 

II '\. 

I
( 2 500 FT) 

llO 

119# WELDED 
RAIL, WOOD TIES 

(24" ON TANGENT; 
23" ON CURVE) 

/JD 

''° 
llfO 

"" 
"" 

'"' 
''° 

,w I 100# WELDED RAIL, 
WOOD TIES (23" O.C.) 

F I GURE 5 
FORM 1119019/ 9 71 
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THI!: IIDEINS COMPANY 

ISOAC VIBRATION DATA• 

Gross Weight= 90,000 Lb. 
Welded Rail 

NUMBER D174-10025-1 
REV l TR 

Speed = 80 MPH 

Effect of Second ary Suspension 
Houdaille Vertical Dampers 

Pickup 
Car Longitudinal 
Mid Car Ver tical 
Motor Alternator Vert. 
Traction Motor Vert. 
Car Cab Vertical 
Truck Bolster Motion 

vertical 
Truck Bolster Vertical 

Dampers On 
.037 g@ 14 .5 cps 
.12 5 g@ 14. 5 cps 

Not Available 
.75 g @ 11 cps 
. 05 g @ 1. 5 cps 
± .2 Inches 

.35 g @ 1 5 .5 cps 

Dampers Off 
.05 g @ 14 cps 
.05 g @ 14 cps 
.10 g @ 14 cps 
.5 g @ 1 1 cps 

. 037 @ 1.25 cps 
± .2 Inches 

Not Available 

Effect of Motor Alternator Shims 

Pickup 
Car Longitudinal 
Mid Car Vertical 
Motor Alternator 

Vertical 
Traction Motor 

Vertical 
Car Cab 
Truck Bolster 

Motion Vertical 

Wood 
Shims 

. 015g @ 14 cps 

. 037g@ Random 

. 075g @ 14 cps 

.2 5g @ 14 cps 

. 075g @ 1. 25 cps 
± . 2 Inches 

SHEET 30 

Steel 
Shims 

.062g@ 14.Scps 

.09g @ 14. 5cps 

.15g '.@ 14.5cps 

lg @ 11. 5cps 

.062g @ l.25cps 
± .25 Inches 

No 
Shims 

. 05g @ 14cps 

. 05g @ 14cps 

.l0g @ 14cps 

.Sg @ llcps 

. 037g@l.25cps 
± .2 Inches 

FIGURE 6 



THI!: IIDEINC COMPANY 

VERTICAL SHAKER CONFIGURATION 

NUMB ER D174-10025-1 
REV L TR 

F IGURE 7a 

LONGITUDINAL SHAKER CONFIGURA'rION 

F IGURE 7b 

FOR M 4e284 (2 / 00J 

SHEET 31 



THI! BOEING COM~ANY 
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Fre0uency Pe5po nse Curves 

Shaker Location 8, SrbB EttP 
Shaker Force 500 ~D 
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rn'"BDEINC NUMBER O174-10025-l 
REV L TR 

r-·--

[~OA2 i.!IAKE TEST) 

Frequency Response Curves 

Shaker Location 8 CAR CHA 
shake r F' or cc _,.SL..lo ... a .... _ .. k_.B _______ _ 
Shaker Directio n _:-LE.B..::._ ___ _ 
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Vertical Damper Config. _ __,,O~E~E------
Motor Alternator Config. NO SHIMS 
Pick-Up Loca tion NQJoB AtJEBNdIOS ~ YEBT 

.so 

.40 

.30 

.20 

Ul 

tr, .10 
~ 

z .07 
() 

-- ·· : .•. ':~T; :f . J(i~:_; t '~JJ2 
------1--- ----l- --- .. -----r ----:-t--:-----7·-------,- --. i ' ' I . ; .. :. : I : ' : . . . i .. : . 
---= -- ·-1 --,-· ·-1 - · ;· . ·.:~r-~·-:•_~-.1 -.---.·:-

: • I. : : ' . ' i ... I ': . ' 

_ -~ · __ ;__ =;__':" ___ ~ -= =_-7 · _::_ · · , --,,. --+---=-. ~:-;:~-;--
-~ ~ -; ·- ~ '. L-_·-: .:-. ; ___ ~-L ·- __ :_-; _- , i ;-j i : ~-d : .. (1 

H .05 8 

~ .04 
~ 
o-l .03 
~ 
0 
u .02 ,< 

.01 

.007 

__ . : - { , · . · 1 · - -- i · - ,-.J · · --=:j:;_--r C • • ·t .. •· .; ~ --i- \-- ~....;.., 

..•..•. f-- f-~I -J_:J ';'.?T\~ 
. I I I ' I I . I . I . I ' I • t ' I . i ' I : I . I I . 005'-1-.L-.._.i-_.._...._.._.l--'--'-"-"-"-~--"'-"'------

o. 2. 4. 6. 8. 10. 12. 14, 16. 18. 20. 

FREQUENCY ,~ HZ 

L _ _ _ FIGURE 12 

J:'OfiM 4C,.l~ 4 (2 / 0&1 

SHEET 36 



• 

_THE IIDEIND 
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SOAC SHAKE TEST 
VERTICAL 

MODE SHAPES 

CARBODY VERTICAL BENDING 

NUMBER 
REV LTR 

D174-10025-1 

EMPTY CAR 
G.W. = 90, 000 LB 

TRUCK 
LOCATION 
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FREQUENCY 15. Hz 

FIGURE 1 3 



THE BOEING COMPANY 

NUMBER 
REV L TR 

SOAC SHAKE TEST 
VERTICAL 
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FIGURE 14 



THI: BOEING COMPANY 
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NUMBER D174-1 0025-1 
REV L TR 

EMPTY CAR 
G.W. = 90, 000 LB . 

FREQUENCY= 8 . 10 Hz 

FREQUENCY= 12 . 25 Hz 
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FIGURE 15 



CO~IPANY 

NUMBERD174-10025-l 
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Gr oss Weight 90000 LB 
Vertical D3mpcr Con:ig. ofE_ ____ _ 

Motor Alternator Config . SH/MS 
Pick-Up Loc a t1.on R GAR END- ~ VEBI 
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NUMBER Dl 74-10025-1 
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Frequency Re3ponse Curves 
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,,-He DOE.ING cc•MF-ANY 

NUMBER Dl 74-10025-1 
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T H E BOEING COMPANY 

~ ----------- ----------------

NUMBER 0174 -1 00 25 - 1 
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:vlOTOE ALTERNATO~ STR0C'_'URAL i'-'lODIFICATION 

IN PROGRESS 
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THE .BOEING COMPANY 

NUMBER Dl 74-10025-1 
REV L TR 

FORM 4 6284 12 / 66 ) 

MOTOR ALTERNATOR STRUCTURAL MODIFICATION 
(DETAIL OF LATERAL STIFFENING ) 
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THE BOEING COMPANY 
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MOTOR ALTERNATOR STRUCTURAL MODIFICATION 
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T H E BOEING COMPANY 
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ISOAC SHAKE TESTI 

Frequency Response Curves 

Data Collected After Motor Alternator Support Modification 

Shaker Locati on R CAR ENO 
Shaker Force 500 1....6. 
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THEIIDEING COMPANY 

SOAC SHAK;::: TESTS 

VERTICAL MODE SHAPES 

CARBODY VERTICAL BENDING 

NUMBER 
REV LTR 

Dl74-10025-l 

DATA COLLECTED AFTER MOTOR ALTERNATOR SUPPORT MODIFICATION 

EMPTY CAR 
G.W. = 90,000 LBS. 

FWD FREQUENCY 8.1 Hz AFT 
TRUCK LOCATION TRUCK LOCATION 

FREQUENCY 15 Hz 

AFT FWD 

FREQUENCY 19.4 Hz 

900 8 00 700 600 50 0 400 300 

STATION - IN 

200 100 0 
FIGURE 35 
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THIE BOEING COM .. ANY 

NUMBER D174-10025-1 
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SOAC SHAKE TESTS 

VERTICAL MODE SHAPES 

MOTOR ALTERNATOR LATERAL SUPPORT BEAM 

DATA COLLECTED AFTER MOTOR ALTERNATOR SUPPORT MODIFICATION 

I I I I I 
\ 1 1 I I 
~_L __ _J_ ___ J__J FREQUENCY = 8. 1 Hz 

VIE\lv LOOKING AFT 

1' A 
' I I • · . ....._ I _./ 
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FIGURE 36 
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THE IIDEINC COMPANY 

NUMBER D174-10025-1 
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SOAC RIDE QUALITY 
DATA COLLECTED AFTER MA SUPPORT STRUCTURAL MODIFICATION 
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T HI!!: BOEING COMPANY 
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SOAC RIDE QUALITY 
DATA COLLECTED AFTER MA SUPPORT STRUCTURAL MODIFICATION 
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CARBODY VERTI CAL ACCELERATION 
SAMPLE ACCELEROMETER OUTPUTS 

GROSS WEIGHT - 90,000 LBS . , SPEED - 80 MPH 

NO COUPLER SHIMS 
REAR OF CAR 

0.4 0.6 

0.0 

0. 8 

0 . 2 

NOI'E 

COUPLER SHIMS 
REAR OF CAR 

0 . 4 
TIME - SECONDS 

AIL PICKUPS . 5G/IN. 

( 

0 .6 0.8 

TIME - SECONDS AIL PAPER SPEED.S FOR SIO-JN a.JTPUT ARE 5 IN/S:OC. 

NO COUPLER SHI MS COUPLER SHIMS 
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THE BOEING COMPANY 

NUMBER Dl 74-1oois-1 
REV L TR 

WHEEL CONCENTRICITY AND LATERAL RUN-OUT 

FIGURE 40 

FIGURE 41 

F O R M 46284 (2 / e6) 
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THI[ BOEING COMPANY 

NUMBER Dl74-10025-l 
REV L TR 

WHEEL CONCENTRICITY TEST APPARATUS 

AND 

WHEEL IDENTI FICATION DIAGRAM 

VIEW LOOKING DOWN 

WHEEL CONCENTRI CI TY 
GAGE / 

GAGE MOUNTING FIXTURE 
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THE: BOEING COMPANY 

NUMBER D174-l0025-l 
REV LTR 

SUMMARY OF TEST RESULTS 

WHEEL CONCENTR ICITY AND LATERAL RUN-OU'r TEST 

WHEEL No. T. !. R. T.I.R. 
(Mc,11frif'.itv Laltf'af l.,,.tU 

I .005 .Oil 
l .008 .OIi 
3 .oor;, .Oil 

SOAC 1 4 .oos .oo6 
s- ,OOG .oos-

' .004 .008 
7 ,a:JS- .008 
8 .003 .007 

I .001.. .021 
1 .003 .OO'f 

3 .00.> .Ol'f 

'1 ,003 .OIi 

SOAC 2 ) .OOG .(X)G 

' .010 ,OID 

7 .008 ,007 

8 ,()07 ,OJ '-f 

WHEEL S PECIFICATIONS 

NORTH 
AAR SOAC JERSEY N.H. R . R. SEPTA IC -

Ecce n tr i c ity . 0 30 . 0 156 . 0 0 7 .007 . 0 3 0 
a t Tr e ad 

. 03 

Unbalance 
a t Ri m 2. Lb 3 (JZ . - - - 2 . Lb 

La teral 
Ru n- Ou t . 0 9 0 . 032 . 0 1 5 .090 . 090 

FIGURE 43 
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THE BOEING COMPANY 

DATA - WHEEL CONCENTRICITY TEST 

SOAC # 1 

WHE!~ I }N_IJ.tEL 
\,/~•ti /lo,,"t,,11 Co11cen1 rici ly Ru,, 01.1t Wlilel Position Co11cenfricify 

(CJ ock) ( Clock) 

'1:00 {J,0 o.o 'f:oo ,000 
7:30 -,003 -,002 3:00 -.002. 
1:00 ,00} ,008 1:Jo -.002 
,:oo - ,001 ,001 I'. '1 ~ -,003 
JJ :30 -,003 ,O'J 3 ,:oo -,003 

11 :oo ,002. ,0/0 II! 30 -.(X)6 

J:oo ,002 ,010 10 :10 -,005" 
l/!00 ,00 l .007 q :1, -,oo'-1 
7-'30 -,001 ,001 B :15' -,004-
'f :oo .ooo ,00/ 7:/5 -,003 

G:oo -,003 
s-:oo -.001 
LI :oo -IY>I 

WHf cL,_l:. 

J:oo o.o o.o wHEtL 
'1:30 ,001 .ooo 
1:00 ,008 - ,010 s:oo .ooo 
,:oo .OOS" - .0/0 'I :oo -.001 
7:30 ,CJOB - ,Of I 'I :30 -.001 

12 :oo , (X) Lf - ,008 /0 ;ff -,001 
10:00 .OOG - ,0/ I /I :00 -,()()3 

I :oo .001 - .004 11:30 -.(X)5 
'I :30 ,002 - .001 /!30 -,004 
3:00 .001 .... . oo l 2.:'f!i -,004 

3:L.f.f' -,004 
'1 !I./~ -,004 
G.'OO -.001 
7:00 -,00/ 
s:oo ,000 

~ 

. ' 

FORM 111 8 0 1& / 67) 

SHEET 6 7 

NUMBER 0174-10 025 
REV L TR 

1 
RIAt, Or.If 

.()(X} 
-,00/ 
-.003 
-,OOG 
-,00'1 
-.o, 2 
-.012 
-,OIi 
-,001) 

-,oos-
-.00/ 
,oa::, 
.l'.Y'l"7 

y 

.(XX) 

-.002 
-.003 
-;006 
-,005 
-.003 
,000 
.ooo 

-.001 
-.001 
-,001 
-,002. 
-,002 

FIGURE 44 



THI!: IIDEING COMPANY 

NUMBER D174 -1002 5-1 
REV L TR 

DATA - WHEEL CONCENTRICITY TEST 

SOAC #1 

WHEEL 5"" WHf.£L 6 
~~~, Posi.lion Concerrfr,'cJfy R1At1 OiAt Wittel Pos~tiori Co11ce1'1fl'ic/ty l?"n Owt 

(ciocld <clock) 

<.:Oo 
7:Jo 
8:oo 
<1:00 
10:00 

I J :oo 
,i:oo 
I :0() 

1:00 
1:00 
'f :oo 
5 :00 
6:00 
7~30 

7:"15" 
7:00 
c:oo 
s-;oo 
',!00 

J;OO 

I :4-s-
1 :oo 

12 :oo 
10 :4-!> 

q:'-fS

'f:00 
7~4!J 

': 'IS-

F='"OR M 4C2 8 4 12 l (i 6 J 

.ooo 
,001. 
1)01 
,OO'i 
,OOS 
,00'-I 
.003 
,00::l 
.001 
,(X)O 

-.001 
-,(X)f 

,000 
.001 

,000 
-.002 
-.002 
-,003 
-.OOLf 
-,00'-1 
-.oos-
-,oos 
-.oo, 
-. 00 '-f 
-,003 
-.003 
-,001 
- , (X) '-I 

WHEEL. 7 

.ooo 
-.002 
--.001.. 
-,003 
-.003 

.(X)O 

,002. 
,002 
.001. 
.(X)/ 
,00/ 
,000 

- ,(X)I 
-.(Xl3 

.ooo 
-, 00/ 
-,002 
~003 
-.003 
- , 00/ 

,(X)2 
.CXJt.f 
.O0'-f 
,005" 
,005 
,003 
,COi 
~000 

6:oo 
4 ',30 
4:oo 
3 :oo 
2:00 
1:00 

I) :oo 
/ / : 00 

10 :oo 
'1 :oo 
B:oo 
7:oo 
G:oo 
If: 30 

'fur 
s-:oo 
b:oo 
7~00 
s:oo 
'1:00 

/0!/f" 

II ;~0 
12:00 
/: / ,-
2: 15' 
1:00 
4•./5" 
f:/f" 

SHEET 6 8 

.ooo 
-.001 
,(XV 

,00/ 
,003 
,003 
,003 
.003 
.001 
,002 
,(X)/ 

,aJO 
,000 

-.<XJ/ 

.ooo 
-.003 
-.oo, 
-,OO'i 
-,a)'=, 

-,003 
-,oo-;i. 
-;OO:l 
- ,OO/ 

.ooo 
,002 
,{X):l 

,a)/ 
,c'A? 

WHEEL a 
.ooo 
,000 
,00I 
,000 
,000 
,OX) 

.001 
,(X)O 

.000 
-.{X)/ 
-.002 
-,00I 
.ooo 
,000 

.000 
,000 

-,an 
-,OOLf 
-.ooG 
-,()(i7 

-.oos-
-,oos-
-,003 
-,003 
-,()01.. 

-.00.2 
-,002 
-;002 

FIGURE 45 



Tl-411: BOEING COMPANY 

DATA - WHEEL CONCENTRICITY TEST 

SOAC #2 

WHEEL I WHEEL 

lanitc.l Pof i t.J'or, C Ofl Ctnfric,'fy R"" Ouf Cot1ct 11ir,,;fy 'fllt«I Po1iti'ol) 
(lloc.k) /.[ Joe.I<) 

6!30 ,000 .000 s-:10 ,()00 

7,30 .00 I -.'1()/ l{:30 ,()(.1) 

8:P ,ooo -.(JI¼ ]:30 ,(X)O 
10:cx:> .000 -,o:i1 )100 -,OOI 
II 1()0 .CV/ -,OJ/ /:00 -,0'.)2 

/21/j- -.oo, -,()IG 11:'f!, - ,()02 

/fOO ,tJO/ -.011 l/:00 -.{)02 

2:oa ,()J/ -,{)07 10:00 -.C:03 
:J.'CKJ .a:v - .()()4 'f :(X) -,a,3 
y:{X) ,(}00 -,(X)I B:XI -.002 
!,-:30 .@ -,Q)g G:30 -.002 
6:¥> ,(}()( -.(JOLI 5',30 -;CX)2. 

'!f.J.I £&.b 3 'iilt.£ £ !.. 

":oo .ooo .ooo 8:oo ,000 
-;; : 'I!, .aJ.1. -.OIO 'f;15· ,000 
1:00 ,001 -.010 10:00 .ooo 
1:00 .002 -,011./ /Ua) .00 I 

(2 :Lt) ,(XJ/ -.013 /lsOO ,002 
/I :oo .(XX) -.012 1:~o ,,00 3 
10:00 -,():)2. -. OJ I 2100 .003 
9:oo -,003 -,ooq J:oo .003 
9:(}0 -.IX'3 -.oos "I ',{)O .002 
1:00 -.()02 -.oo~ s:oo ,00 I 
s-:4s· ,xt) - ,004 (;:ts- .c1()0 
'f :()(J ,CVI -,OOL/ s:oo ,ax, 
3:30 Q)I --..006 s:30 .ooo 

F ORM I t 180 te / e7) 

SHEET 69 

NUMBER Dl74 -100?.S - l 
REV L TR 

i -
R1.1n Out 

.000 
,0()0 

-.002. 
,{X)() 

,002 
,002 
,001 
,00/ 
,000 
.(XJ() 

-,001 
,000 

L.f 

.ooo 
-.002 
-,001 
-,oos-
-,007 
-,/JO'f 

-.010 
-.ooq 
-,007 
-.003 
- .001 
,00/ 
,000 

F I GURE 46 



THI!: BOEING COMPANY 

DATA - WHEEL CONCENTRICITY TEST 

SOAC #2 

W/:i.EEL 5" WHEEL 

'-'Iliff I Posi'L,'on (OflUfl fric.ify R1,1n Ouf \,Iii~~/ P<-1ri:U011 C()llatdrci'ly 
(CJi,~) ((lock} 

12:10 .OOo .ooo I I :30 .()00 
1:00 .oor -.CO2 10100 -.001. 

3:30 ,00'-f -,005" 8!30 -,00 .2. 
'1:10 ,,(}()~ -. (X)Lf 7:30 ,00 I 
,:oo .oOG -.003 6.'00 .oo;-
s:co .004 ,()()0 4:00 .oOB 
'f;OO ,002 -.00/ JI()(; ,008 
t;:]O .OOG -,,002 S!30 ,()0(3 

/O;JO ,ax, -,001 /:30 .oo ![ 

12 ',()() .,ax) jJIJI r:i:oo .001 

'JILHE'EL 7 MIHtEL 

1~00 .ooo ,000 <f:oo ,000 

1:30 -.001 - ,002. 10:30 -,001 

11:00 -.003 -.002 ,:i ',(JO -, 00'-/ 

Jt) .'1..(5" -.C07 -,005" I ;/5" -.~5"' 
9:CXJ -,009 -.007 3:<X) -,{X} 3 
7:30 -;007 -,(X)6 L/:Jo -.001 
&:()(} -.oos- -,002 ~;oo • 0()1. 

'1:30 - ,002 ,,(XX) 7:3() ,(){) 2 
J:<X) ,000 -,,00/ </:(JO ,001 

. 

FOR M 1 118 0 IC / 07 ) 

SHEET 70 

0 

NUMBER 0174-1 0025-1 
REV L TR 

Hun Out 

.ooo 
-.a:>2 
-,005" 
.... ~ 
-,(}(13 
.oa? 

-,(XJ/ 

-,()0:l. 

-,,(X}/ 
.aa, 

s 
.000 
,001. 

-.001 
.rXJO 

-.a;s-
-.<XJ8 
,OOG 
-,001 
.001 

FIGURE 47 



THI!: IIDEINC COMPANY 

NUMBER 0174-10025-1 
REV LTR 

SUMMARY OF TEST RESULTS 

WHEEL FLAT AND BUILD-UP DATA 

SOAC #1 

WHEEL # WHEEL POSITION FLAT BUILD-UP --
1 No Data 
2 No Data 
3 9:30 o ' c lock .007 

11:00 o ' clock . 0 18 
4 9:30 o ' c l ock . 018 

11:00 o'clock .016 
5 12 :00 o 'clock .010 

8:00 o'clock .00 5 
6 12 :00 o 'clock .005 

8:00 o'clock .012 
7 5:00 o ' c lock .005 

12 :00 o ' clock .012 
8 6:00 o'clock .003 

7: 00 o ' clock .008 
12 : 00 o 'clock . 009 

1 : 1 5 o 'clock .009 

SOAC #2 

1 No Flats 
2 8:30 o 'clock . 006 

3:00 o 'clock .01 0 
3 11: 00 o ' clock . 008 

8:00 o ' clock .007 
4 11: 00 o ' clock .007 
5 No Flats 
6 3:30 o ' clock .010 

4 :30 o ' clock . 005 
7 3: 00 o ' clock .005 

12: 00 o'c l ock . 0 10 
9 : 00 o ' clock • Oll 

8 No Flats 

FIGURE 48 
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NOT ICES AND SI GNA TU!tES 

The test data presented herein, refer only to tho particular 

test somplo i'cslcd . Change s in circuit dasign, components, grounding, lead 

routing or bonding, rcaardlcss how insignificant ihey may seem, may negate 

the tosi- resulis presented here in. 

Prepmed by: ~~:.:;;::~ ~ ~-

Witnessed by: Mr. M. C . Bucher 
B - Y Engineer 
The Booing Company 
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Peter F. Spencer 
Test Eng ineer 

Electro Magnetic Fi I tcr Company, Inc. 
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·ADMINISTRATIVE DATA 

PURPOSE OF TEST: The purpose of this test was to dctcrmin~ \-he 
confom1onco of the described spscirnon to the 
elcclromognetic interference requirements of 
the applicable spacification. 

· TEST COORDINATOR: THE BOElN G COMPANY, VERTOL DIVISION 
Bceing Ceni-er 
Philadelphia, Pcnnsyvlonia 19142 

MAhlUr-ACTtJRER 1S MODEL NUMEIER: Sl·ato of the Art Car 

SECURITY CLASS lr:tCATION : Unclass ified 

SPECIFICATION OR EXHIBIT: Boeing Purchc;::o Order Number CT 885569, 
Appe ndix A 

DAT[ TEST COMPLEHD: P.pril 3, 1973 

Nl.ll-/,BER OF ITEMS TCSTED : ·1v10 (2) cars op.::raHng c1s one unit 

TEST CONDUCTED !3Y: EU:CTRO M:\GNl:TIC FILTER COMPANY, INC. 
4CB3 'fransp:)r\- Strc:t 
Palo All·c .• Cali forn ia 94303 

\ 

TEST C:Ot'-lDUCH D FOR: frl E DOE lh!G COM?/-\NY, VERTO L DIVISION 
Boeing Ccn;·or; Poi t Oificc Bex 16867 
Phiiaclc !ph ie1, Pennsylvania 19142 

ABSTRACT: The !·est describ~:d heroin v:cs pe;rformcd at !he Hioh Spe.~d 
Tcsl' Ccnlcr, P•Jcblo, Colorado ,. 

The results of this i'cstin9 domonsi"ratc complc l·c conform:Jnc(} 
to the radial·cd e miss ion rcquircmonls of !·ho spccificai-ion • 

IV-3 



FACTUAL DATA 

1 .0 DESCRIPTION: 

l. 1 The 1est spe cimen v1as two state of the art cars coupled together 

and ope rati ng as a unit. 

2 .O TEST INSTRUMEN TATION : 

2 .1 Radio ln!-erfercnce Field Intensi ty Meter , S!-oddart Model IM- 37-PRM
lA, Serial Numbe r 215. NexJ- ca li bration d ue July l , 1973. 

2 .2 Rad io Frequency r-ield lnlcnsi f)' Mel-er, Sl-oddart Mode l IM- 88/ URM-47, 
Ser ial Number 33 . N ex t cal ibral·io n due June 1, 1973. 

2 .3 Dipo le Ante nna SJ-odclcrt, Mode l Number AB-371 / U. 

2 .4 Biconi cal Ant0nna, pe r M IL-STD-.46 lA, Paragraph 5 .2 .:~. 

3 .0 TEST PROCEDU RE : 

3. 1 The f·c :;!· c1ui pti1cnt wa;; first set- up inside on-~ of the SOAC cars , 
at arprox irna'.cly t·hc rnid;; o in1· . Tesl· equi pment power wa; provided 
by a smal l aux il ia ry gcncral·or dl·uoh::d in the other car. All SOAC 
syst·cms and thi rd ra il pO\nr v1cre decncr9 izod, o nd a comple te sca n 
of t-h3 frcq•Jcncy ra1,ge (150 K Hz lo 400 MHz) was perfcnn.:::d for the 
purpm:-! of se lcding tho3c freq uencies (approximate ly four p0r decade) 
at which raJ io inl·c rfcrcncc f ie ld intens ity would be monil-orcd through 
out t he remaining tests . A second freq uency scan was pc1·formed afi-cr 
th ird ra il power and ali SOAC systems had b~cn c nerg i,:cd, in order 
to identify any e mission frc:ciuc ncies (h igh inte rference peaks) fo r 
late r checkin9 <luring radiated emission tests with the instrumenration 

at a wayside locut ion . The re were none . 

3 .2 The test cq ui pmcnl- v.105 the n set up udjocen f- to the tracks at a distance 
of 100 feet from t he tracks on Ap ril 2 and 3 , 1973 , v-1ay3ide measure
me nts began at approx imate ly 1:00 r .M. on the 2nd. Pri or to testing 
the vehicl e a comple te scan of the freque ncy range was pe rformed for 
the purpose of determining ambie nt inl·crference levels. 

3 .3 Mca;urc mcnls we re then pe rformed with the test veh ic le passing 
thr0l1gh a zone approx imalc ly 300 feet long d irectly in front of the 

IV-4 
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anlenno location at speeds of 20, 40 and 80 miles per hour. See 
Figure 1. One north ond one sou1 h pass v,as made for each frequency 
speed combination, except at 80 mil es per hour, all runs we re made 
in a southerly direction to take advantage of the slight down grade. 

3 .3. 1 Addil"ional measure ments were then performed under 
condil'ions of maximum acceleration and braking. 

3.3.2 Since 1-he revised specification limHs arc derived from 
Specification MIL-STD-46 lA, the antennas prescribed 
by that specificaHon were used for lh is testing. The 
resulting corrected data is the n in standard units of 

dB >- 1 pV / M/ MHz. 

3.4 Based on previous te sting expcrience,obta inc d on similar transit cars, 
which indicated hori :wnl·ally polarized in:erfcrc nce lcvcis from the 
vehicle to be highe r than vertically polarized levels at cl I frequencies 
above 30 Ml-I;.:, al I tes ting pe rformed on I-he SOAC was wilh lhe 
biconnical and dipole an1ennas horizonta lly polarized. Ani·cnnas 
were located o i::-proximal'ely five feet· CJbovc ground level ond a pprox 

imate ly twe l\Jc feet above hc;ck g rade. 

3 .4.1 Toword lho end of trackside rncasurcmcnl-s a powerful gust 
of v 1 ind toppled lhc biconical ar'\l"cnna and clama9 :'ld it be yond 
repa ir. rurl-hcr mc asvrcm2nl·s '!'-'ere the n performed us ing a 
21" dipole c1nhnna. Corre ction faders shown on da~a sheet 
2 were found empirically in the lab by direct comparison of 
radiated fields usina t-he two antennas. 

4.0 TEST RESULTS: 

4.1 Inte rna l rad ioted c mis:. ion measurements of ambient conditions and 
with al I sy:;tems on we :·c p,~rformed with the tcs1· equipmen1· at only 

one location, for these reasons : 

4. l. l The re were no sub:;tuntial noise _peaks to nc ce:;sitotc 

!·racking down a source . 

4. l ,2 Because of 1-hc phy3 ica l size and layout of the car, no 
significont diffe re nces could ba m:pcdcd between mcwurc
menis that were k1ken in the midcllc of lhc car and measureme nts 
that might be 1akcn elsewhere in l'hc same car. 

4.2 Internal and wayside rad iated e mission test resull"s arc presented in 
tabular form on data shce ls 1 and 2" Ways itle !·est rcsults , plotl"ed cs a 
composite graph o n F igurc 11, dcrnonsl'ratc comp I cte conformance to 

specification I imits . 
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4.2. l Allh6ugh rcadinas ot 32 MHz exceed sp::!cification limits 
b)' 2 dB, it ~hould be nolcd 1!1ot the ambient level ccrrccrcd 
also exceeded lhc l imil· by 1-h::~ same amount. In addiiion, 
normal a cccpicd lol crcince limiis for this typ:'.) of tcstin8 a.c 
plus or minu3 3 d!3; lhcrcforo, the 32 MHz readings must be 
interpreted as complying with spccifical'ion requirements. 

5.0 CONCLUSIONS: 

When l'csl·cd as dcscribod hcra in, !he S OAC domon51-ratcd comp I c l"c conformance 
to ihc radiai·od ini·crforcncc emission roquircmi;nts of Bo:Jing purchase order 
No. CT 885569, Appendix A. 
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