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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 improvinc high
speed, frequent-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 Figh Speed Ground Test Center
in Pueblo, Colorado during the period November 1972 to Zpril 17,
1973. Final acceptance testing was initiated on March 9, 1973

and completed on 2pril 12, 1973.

The 80 mph transit oval, 9.1 miles in length, was utilized 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 SO2C final acceptance tests are outlined in Table I. The

test program plan and procedures are described in Boeing Vertol
Report D174-10007-1]. The acceptance test procedures and test
instrumentation were designed to prove compliance with Section 2.2
of the SOAC Detail Specification IT-06-0026-73-2.

This document, Volume III - Acceptance Testing, plus the follow-
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 Detail Specification.

Volume I - Component Testing

Volume II - Subsystem Functional Testing
Volume IV - Simulated Demonstration Test
Volume V - Post Repair Testing



TABLE 1

FINAL ACCEPTANCE TESTS

Car Weight 105,000 1b.
Nominal 600 Veolts dc

TYPE OF TEST TRAIN CONFIGURATION
Visual I-D and H-D Cars
Acceleration L-D Car; H-D Car;
- Initial Rate 2-Car Train-Both
- Time-Speed-Distance Directions
Maximum Speed L-D Car; H-D Car;

2-Car Train-Both

Directions
Automatic Speed IL-D Car; H-D Car
Maintaining System
Blended Braking L-D Car; H-D Car;
- Deceleration Rate 2-Car Train-Both
- Stopping Distance Directions
Dynamic¢ Braking Only L-D Car; H-D Car;
- Deceleration Rate 2-Car Train-Both
- Stopping Distance Directions

Service Friction Braking IL-D Car; H-D Car;

-Deceleration Rate 2-Car Train-Both
-Stopping Distance Directions
Emergency Braking L-D Car; H-D Car;
- Deceleration Rate 2-Car Train-Both
- Stopping JDistance Directions
Service Duty Cycle i-D Car
- Blended Braking H-D Car
- Service Friction

Braking
Ride Quality H~D Car

2-Car Train

Noise I-D Car

H-D Car
EMI-Electromagnetic 2~Car Train
Interference



2. BSUMMARY QF 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-directlon average (forward and reverse)
with two data records in each direction. Braking rates and
distances 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 differentiation 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
guality measurements taken on the cars following structural
modifications to the motor-alternator support structure. The
complete ride guality acceptance data package is contained in
the Appendix III Test Report. Results of the later engineering
tests are reported in the Engineering Test Report, D174-10026-1.

Test data for a 90,000~1lb. single car is shown in Figure 2-1.
Data for a 105,000-1b. car singly and in a two-car train are
shown in Figures 2~2 and 2-3 respectively. At the 90,000-1b.

car weight (empty car} the SOAC essentially met the ride guality
goal in the frequency range associated with the rigid body sus-
pension frequencies: 1-2 Hz. In the higher frequency range
associated with car body flexible modes: 7-15 Hz, the goal could
not be met with the existing car body structural characteristics.
The vibration investigation program reported in Appendix III did
result in a reduction of the maximum vibration levels in the 15 Hz
range from .26g to .10g. Although this exceeds the design goal
of .055g at this frequency, the SOAC is considered satisfactory
by passenger observations.
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TABLE II

ACCEPTANCE
(105,000 £8 CAR WEIGHT]

TESTS

600 Volts

i

SPECIFICATION RESULTS
PERFORMANCE ITEM . R n
‘ REFUIREMENT LOW-DENSITY lyTcu-DrRNSITY 2-CAR TRAIN
1. PEAK (INITIAL) ACCELERATICN RATE 2.7-3.3 MPH/SEC 2.7 * 2.7 % 2.7 %
2. TIVE TO TRAVEL 700' FROM A STAND-
ING START-LEVEL TANGENT TRACK 20 SEC 19.4 19.0 20.0
SPEED ON A 3% ADVERSE GRADE 70 MPH >75 >75 N/A
4. MAXIMUM SPEED B 80 MPH 80 80 80
BLENDED SERVICE 2.7-3.3 MPH/SEC 3.2 3.2 3.2
DECELERATION N
5. RATES (PEAK)} CYNAMIC ONLY 2.7-3.3 MPH/SEC 3.0 3.0 3.1
L SERVICE FRICTION| 2.7-3.3 MPH/SEC 3.1 3.2 3.2
- SV 7 :
ACCELERATION 2.5 MPH/SEC 1.9 2.3 1.
6. JERK RATE { / 5 °
BRAKING | 2.5 MPH/SEC 2.9 2.6 2.6
7 STOPPING DISTANC%[BLENDED SERVICE 450 FT 430 445 |77 g30
(__(FROM 40 MPH) J\SpRyICE FRICTION 450 F1 440 425 420
' (FROM 80 MPH) SERVICE FRICTION 2250 FT 1960 2000 1925
STOP FROM 40 MPH 425 FT 365 350 335
9. Egﬁﬁﬁ?ﬁgy} STOP FROM 80 MPH 2200 FT 1630 1600 1635
DECELERATION RATE 2.88-3.52 MPH/SEC 3.5 3.4 3.5

* Initial rates of 3.0 mph/sec. were recorded during Acceptance Testing
prior to final current limit adjustments.
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The results of testing the SOAC at the 105,000-1b. 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 during
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 guality 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 programs on

the 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 goal
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 with 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 little 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 strength inside
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 field limits 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.
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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 1lb., representing the light car
plus 100 passengers at 150 1lb. each. The weight breakdown for
each car is presented in Table III.

11.



TABLE IIT

CAR WEIGHTS - SQOAGC

HDC LDC
Light Weight at St. Louis Car 88,3204 89, 080%
Pantograph Scale Weight, March 15, 1973 775% 775%
*Equipment Brackets added at Pueblo 3204 320#
Miscellaneous 1694 1144
Light Weight at Rail Ready to Run 89,5844 . 90,289%
Lead Bars (HDC 328) (LDC 313) 15,416# 14,711#%
AW1 | 105,000 105,000

*Equipment Brackets - estimated weight.

HDC and LDC were loaded to AW1 night of March 13, 1873.



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 High 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 modified
General Electric U30C Diesel-Electric lLocomotive rated at 3000
hp for traction or 3400 amps at 600 VDC. Two auxiliary cater-
Pillar diesel~generator sets rated at 500 KW each (600-700 VDC)
were positioned around the oval to minimize track voltage drops
during high-power acceleration testing.

Figure 4-1 illustrates the basic electrical layout of the track
and the locations of the power supplies.

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

© General Electric 44-ton, 380 hp switch encine
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 Office facilities in the Project Management Bldg.

© Track communications: Four-channel Motorola
walkie~talkies.

4.2 INSTRUMENTATION - PERFORMANCE TESTS

4.2.1 Static test and checkout equipment used to modify and
adjust the propulsion, brake components and systems at the test
facility were as follows:

Equipment Manufacturer
Oscilloscope Simulator Tektronix
SOAC System Simulator AiResearch (Figure 4-3)
SOAC System Monitor AiResearch (Figure 4-4)

4.2.2 Carborne instrumentation used in the acceptance testing
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 qf.
each car and was connected to the various low-voltage logilic
and feedback circuits contained in the SOAC propulsion control
system.

The monitor panel performs several functions:

¢ 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 Car speed

Field currents Calculated tractive effort
Capacitor bank voltage Thyristor firing {(0) command
Motor voltace Tractive effort command

Plus additional internal system functions.

o Terminals for 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
factors derived from the calibrated meters on the panel. The
following parameters were recorded.

P-szignal

Armature current (forward and aft)

Field current

Capacitor bank voltage (third rail)
Longitudinal acceleration

Car speed

Analog brake current (BCP command signal)

000000

4.2.2.3 Accelerometer and Signal Conditioning Units

The longitudinal accelerometer for performance data and its power
and signal conditioning unit were supplied by AiResearch. The
accelerometer was secured to a 47-1b. ballast bar and oriented
longitudinally in the car interior over the forward truck.

18



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
rear 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 printed 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)

19



5. TEST PROCEDURES

Test procedures used during the SOAC acceptance tests generally
follow the procedures outlined in Section V.C. of the D174-10007-1
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 contreocller 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 BSelect speed limit of 3 mph.

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.
Handle remains in full power position for remainder
of ASMS Tests.

o  Record data as required.

o Select additional speed limits in following segquence:
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.

20
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O

BRAKING TESTS (Full Service Rates)

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

Start recorder.

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

Bring car to complete "hands-off" stop.

Record time and distance to stop.

The above procedure is used for blended braking, dynamic braking
only, 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

o]

5.5

BRAKING TESTS (Emergency)

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

SERVICE DUTY CYCLES

The service duty cycles are repetitive driving cycles consisting
of acceleration 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

5.7

5.8

5.9

RIDE QUALITY

(See Appendix III)

NOISE TESTS - INTERIOR

NOISE TESTS - WAYSIDE

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.

£.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", "MAIN LT", "RADIO" circuit
breakers on LVCBP and HVCBP. Observe that lighting and radio
function.

6.1.6 Provide 600 VDC. Turn on one at a time the following,
and check for function and unusual nolse 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:

Motor alternator running

Traction motor cooling blowers running
Alr compressor running

All lights on

Headlights and taillights function
Side doors function

Main reservoir pressure 150 psi

Air conditioning blower running

O000000O0
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Windshield wiper, washer and defroster function
Hern blows

Emergency valve functions

Track trip functions

Trainline functions for cars coupled

Hostling mode operation

Pantograph extension and retraction

End door operation

0000000

6.1.10 Set tread brakes (58-64 psi control pressure, 90,000-1b.
and 91-97 psi control pressure, 132,000 1lb. 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.

6.1.13 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:

Motor current exceeds 1700 amps.

Acceleration rate exceeds 3.0 mphps.

Peak acceleration rate is less than 2.5 mphps.
Any circuit breaker trips.

Wheels slide.

0000

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

Motor current exceeds 1900 amps.

Motor current is zero.

Wheels slide; circuit test only.
Deceleration rate exceeds 3.0 mphps.
Deceleration rate is less than 2.0 mphps.

O00C 00

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-density 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 reached at
the end of the section. During the test, third rail voltage

was a nominal 620 volts (+ ). Tests were made in the forward
and reverse car direction for two runs to the 700-ft. point and
one run to 80 mph in each direction. Figure 6-2 presents 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 egual to or better than the initial design
capability above the motor base speed of approximately 30 mph.
The reduced acceleration rate below 30 mph is based on the
revised current limits selected to maintain the braking rate
within allowable tolerances.

The acceleration performance of the high-density SOAC is pre-
sented in Figures 6-~3 and 6~4 in formats similar to Figures

6-1 and 6-2 previously shown for the low-density SOAC. The
performance is essentially similar to the low-density car. The
initial SOAC design capability is shown on Figures 6-3 and 6-4
for comparison.

Two-car train acceleration testing was performed to determine
the peak initial rate and the time to 700 ft. distance. The
large power demand of the two cars (3000-3200 amps) resulted in
a large track voltage drop from the nominal 600-650 volts.
Test run voltages of 500-550 volts were experienced which
resulted in a reduced performance level above about 30 mph.
Because of this fact the performance curves for the two-car
train are not included in this report. The data of Table II
verify that the initial acceleration rate and time to 700 ft.
are within specifications and that the two~car train performance
is similar to each car operated separately.

6.3 MAXIMUM SPEED AND ASMS

The service maximum speed of the cars is 80 mph based on the
test data of Figures 6-1 and 6-3, an acceleration rate of
approximately .65 mphps is available at 80 mph. Both cars
have exceeded 90 mph in a two-car consist during controlled
test conditions.

The Automatic Speed Maintaining System (ASMS) provides the
capability to control and limit car speed to the B0 mph maximum
or -additional speeds of 3, 15, 25, 35, 50, or 70 mph. This
system was tested using the procedures contained in paragraph
5.2.With the control handle in the full power position the car
will accelerate to the selected speed at the maximum acceleration
rate for the car's weight. (Rates for a 105,000-1b. car are
shown in Figures €-1 and 6-3.
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As the selected speed is approached within 2 to 3 mph the
tractive effort reference signal ("P" signal) is automatically
reduced until the desired speed is maintained to within +1 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 it may
be set at a reduced level which results in at least the P signal
reguired to produce the "balancing" tractive effort. The

P signal meter in the cab reads the P value associated with the
ASMS5 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: +1 mph at P = 1.0 to approximately

-2 to -3 mph at "balancing” P value.

The ASMS pushbuttons may also be used to decrease speed from
a previously selected value. With the control handle stilil
in the full power position, activating a command for a lower
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—-density 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 +1 mph of
selected speed with the tractive effort handle in the full power
position. A speedometer calibration for the high-density car

is shown in Figure 6-6.

6.4 BLENDED AND DYNAMIC BRARING

Figure 6-7 presents the blended service braking and dynamic
braking (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
records 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, is
capable of providing the SQAC's nominal deceleration rate 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 pressure
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

Figqure 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 tractive
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 close, 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) current,
the field 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.

€.4.2 Dynamic Brake Failure Simulation

During the test program but prior to the final adjustment of
blended braking rates, several simulated dynamic brake failures
during normal blended braking from 80 mph were completed. These
tests were accomplished to determine the time and rate response
of the friction 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 simulated
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 lower
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 directions, the stop with the simulated
failure is compared with a similar stop with blended braking.

As noted above, the stopping distance is increased by approxi-
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 friction
brake systems (see Figures 6-8 and 6-12). Test procedure for
the simulated dynamic brake failures was similar to the proce-
dure used for friction braking {(paragraph 5.3) except that the
dynamic brake was cancelled at 60 mph instead of just prior to
initiating braking at 80 mph. The stops were completed using
service friction brakes only following 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 test
data from a stop from 80 mph is shown on the upper scale and
stopping distances from speeds of 20, 40, 60 and 80 mph are shown
on the lower scale. Two stopping tests in each direction from
each speed were used to determine the specification compliance

at 40 and 80 mph and the general shape of the stopping distance
curve. Brake cylinder pressure is set to 6B psi as measured

on the cab pressure indicator. Figures 6-13 and 6-14 present
similar data for the high-density car and the two-car train.

The deceleration rates shown on Table II are based on average
over the speed range of all test points shown in Figures 6-12,
6-13 and 6-14. The deceleration rate for each stop was deter-
mined using both the accelerometer and by differentiating the
calibrated speedometer channel on the oscillograph. A time
period of 10 seconds or greater was used where possible to deter=-
mine the average deceleration rate during a test record.
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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 presents 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 resulting
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 rate 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 limiting system was determined

by evaluating the time-slope of the accelerometer channel on

the oscillograph. 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 cycle of repe-
titive 0 to 80 mph to 0 runs with a 30-second dwell time after
each stop as shown in Figure 6-20. At the design weight of
105,000 1lb. these repeated cycles resulted in an RMS armature
current of 637 amps. The design continuous current is 460
amps; the one-hour current is 600 amps. Thus the duty cycle
represents operation at a performance level somewhat above the
one-hour rating of the traction motors, but well below the

peak current rating of 750 amps.

6.8.1 Blended Braking Cycles - Service Configuration

Table IV summarizes the results of the 24 cycles of blended
braking performed on each car. A summary duty cycle plot is
shown in Figure 6-21 based on measured car performance on

level tangent track. The cycle of Figure 6-21 differs from
Figure 6-20 due to the higher level 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 28.9 MILES
TOTAL TIME 47.0 MINUTES
MILES PER CYCLE 1.2 MILES
MINUTES PER CYCLE 1.9 MINUTES
SCHEDULED SPEED 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 26.0 MILES
TOTAL TIME ’ 42.9 MINUTES
MILES PER CYCLES 1.08 MILES
MINUTES PER CYCLE 1.8 MINUTES
SCHEDULE SPEED 36.0 MPH

(RUN CLOCKWISE ON TEST OVAL)
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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 several stops
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 same 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
D174-10026-1 Engineering Test Report.
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II.

TABLE V

SERVICE DUTY CYCLES FRICTION BRAKING

Low-Density Car

-24 Cycles - {Stop to 80 mph to stop) with
stop time.

- RESULTS: Distance Travelled = 32.9
Total Time - 58.0
Miles Per Cycle - 1.37
Minutes Per Cycle = 2.4
Schedule Speed - 33.0
Energy Per Stop - 22.4
Maximum Tread Temp. - 320°
Maximum Rim Temp. - 280°

{Run counter-clockwise on test oval)

High-Density Car

-24 Cycles - (Stop to 80 mph to stop) with
stop time,

RESULTS: Distance Travelled - 27.4
Total Time - 51.0
Miles Per Cfcle - 1.14
Minutes Per Cycle - 2.1
Scheduled Speed - 32.0
Energy Per Stop - 22.4
Maximum Tread Temp. - 250°
Maximum Rim Temp. - 170°

(Run clockwise on 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 readings.

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-density
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
levels 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 to show com~
pliance above 35 to 40 mph and also as a favorable comparison
with the lower level for existing cars. The wayside noise data
was taken with "trued" sclid steel wheels at a car weight of
90,000 1bs.

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. Figure 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. BAnalysis 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 reguirements
were considered a goal rather than an acceptance criterion.
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TABLE VI - [INTERIOR NOISE LEVELS
SOAC #1 LOW DENSITY CAR
‘A" WEIGHTED SOUND |EVEL  daB(a)

ALL EquipMENT OPERATING

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

FRONT REAR
CENTER
OVER #1 Trk. OVER #2 Trk.
ACCELERATION 63 62.5 65 {2)
0 62 61 64.5
SEATED
(Ear 25 63 61 64
Level)
35 63 61 65
50 65 63 67
70 72 65 70
ACCELERATION 63 62.5 66 (2)
STANDING
(Ear 0 62 62 65
Level)
25 63 61.5 64
35 63 62 65
50 65 63 67
70 72 65 70

(1) Effect of track location not considered.
(2) Acceleration noise levels are a function of speed.
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TABLE VII - INTERIOR NOISE LEVELS
SOAC #2 HIGH DENSITY CAR
‘A" WEIGHTED SoUND LEVEL aB(a)

ALt EquipMENT OPERATING

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

FRONT CENTER REAR
OVER #1 Trk. OVER #2 Trk.
ACCELERATION (2) (2) (2)
SEATED 0 - 62 68
(Ear
25 63 62 68
Level)
35 63.5 63 68
50 64,5 63 69
80 - - 71
ACCELERATION (2) (2) (2}
STANDING 0 - 62 i 64
1
(ear E
25 63 62 65
Level)
35 63 63 67
50 64 63 66
80 - 71

(1) Effect of track location not considered.

(2) Acceleration Noise levels 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 ané 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 guality acceptance testing confirmed an observed
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 amplitude
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 the beating phenomenon
near 80 MPH. Data taken at the light car weight (90,000 1lbs.)
show maximum vibration levels at the higher frequencies (15 Hz)
reduced from .26 g's to .1 g. Although this exceeds the desian
goal of .055 g's at this frequency, this is probably the result
of manual reduction of the 90,000 1lb. 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 Detail Specifi-

cation. Appendix IV presents the EMI test report and the recorded
data.
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SOAC TEST LOG

ODOMETER
DATE RUN No. PURPOSE - CONFIGURATION READING
F’ R

11-12-72 001 105,000 LB CARS: THWO CAR TRAIN

NO. 1 (L-D) CAR UNDER POWER: NO. 2 (H-D) NO POWER

105,000 LB CARS: TWO CAR TRAIN - VIP RUN NO. 1 POWER:
11-14-72 002 NO. 2 NO POWER

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

105,000 LB CAR: NO. 2 CAR ONLY
11-15-72 004 BRAKING TESTS
No16-72 005 105,000 LB CAR: NO. 1 CAR ONLY: ACCEL. & DECEL. & NOISE

d TESTS: MOTOR FLASH-OVER EVALUATION (#2 CAR PDR)
' 105,000 LB CARS: TWO CAR TRAIN - VIP RUN NO. 1 POWER:

11-16-72 006 NO. 2 NO POWER

— = S — - L - g o o - L ‘. o
121772 007 105,000 LB CAR: NO. 1 CAR ONLY: MOTOR EVAL. AT HIGH

SPEED: SET-UP THIRD RAIL SHOES
1-25-72 ] 008 105,000 LB CAR: NO. 2 CAR ONLY: THEN 2 CAR TRAIN: RUN-

IN BRUSHES (LOST THIRD RAIL SHOE-ADJUSTED) CHECK TRAEN
1-26-75 005 105,000 LB CARS: TWO CAR TRAIN: NO. 1 CAR DRIVING,

(FAILED PDR) THEN NO. 2 CAR DRIVING-VIP RUNS
11-29-72 010 105,000 LB CARS: TWO CAR TRAIN THEN NO. 2 CAR ONLY: VIP

RUNS: SPEED LIMITING, RIDE QUALITY, NOISE TESTS
NO. 1 CAR (LOW DENSITY): NO. 2 CAR (HIGH DENSITY)
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SOAC TEST LOG

- ODOMETER
DATE RUN No. PURPOSE — CONFIGURATION READING
105,000 LB CAR: NO. 2 CAR ONLY:
11-30-72 011 RIDE QUALITY AND NOISE TESTS
105.000 LB CAR: NO. 2 CAR ONLY:
12-1-72 012 BRAKING PERFORMANCE
) 8.73 013 105.000 LB CAR: NO. 2 CAR ONLY: INSTRUMENTATION CHECK
OUT. MOTOR FLASH-OVER INVESTIGATION
105,000 LB CAR: NO. 2 CAR ONLY:
2-9-73 014 FLASH-OVER INVESTIGATION
2 12.73 015 105,000 LB CAR: NO. 1 CAR ONLY: EVALUATE INSTALLATION
| OF NEW MOTORS
> 13-73 016 105,000 LB CAR: NO. 1 CAR ONLY: EVALUATE MOTORS AND
MOTOR INSTABILITY
S S S T T e AR I e R o) VS
105,000 LB CAR: NO. 1 CAR ONLY: INVESTIGATE MOTOR
2-13-73 017 INSTABILITY
> 14-73 018 105,000 LB CAR: NO. 1 CAR ONLY: MOTOR INSTABILITY
TESTING, EVALUATE SPEED LIMITING
105.000 LB CAR: NO. 1 CAR ONLY: VARIOUS SYSTEM CHECKS
2-20-73 019 AND BRUSH RUN-TN
> 21.93 220 105,000 LB CAR: NO. 1 CAR ONLY: VARIOUS SYSTEM CHECKS
NO. 1 CAR (LOW DENSITY): NO. 2 CAR (HIGH DENSITY)




)

S0AC

TEST LOG

-~ ODOMETER 1
DATE RUN No, PURPOSE - CONFIGURATION READING
2-21-73 021 105,000 LB CAR: NO. 1 CAR ONLY: SPIN-SLIDE SYSTEM
| CHECKS: PRELIMINARY BRAKE TESTS
105,000 LB CAR: NO. 1 CAR ONLY: MAX. ACCELERATION
2-22-73 l 022 CAPABILITY CHECKS
105,000 LB CAR: NO. 1 CAR ONLY: MAX. ACCELERATION
2-22-73 023 CAPABILITY CHECKS
> 2673 024 105,000 LB CAR: NO. 1 CAR ONLY: RUN-IN NEW SET OF
BRUSHES, MONITOR MOTOR VIBRATION
22773 025 105,000 LB CAR: NO. 1 CAR ONLY: ACCEPTANCE TESTING-
BLENDED BRAKING (INCOMPLETE)
> 28.73 026 105,000 LB CAR: NO. 2 CAR ONLY: RUN-IN NEW SET OF
BRUSHES: MANY PROPULSION TRIPS: CHOPPER PROBLEM
- . e e P ST - T T T
»-28.73 027 105,000 LB CAR: NO. 1 CAR ONLY: BRAKING TESTS, FRICTION,
BLENDED, DYNAMIC: SPIN-SLIDE PROBLEMS
31-73 028 105,000 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: LURCHING AT BASE SPEED AND LOW CURRENT
3773 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 (HI

GH DENSITY)



SOAC TEST LOG

N

DATE RUN No, PURPOSE - CONFIGURATION

ODOMETER
READING

105,000 LB CAR: NO. 1 CAR ONLY:

CHECK CAR FOR CHOPPER

Bt

3-2-73 031 LURCH PROBLEM (RUN 029): NOT FOUND :

N 032 105.000 LB CAR: NO. 2 CAR ONLY: BRUSH RUN-IN: FULL
SERVICE BLENDED BRAKE TESTS: SEEMS OK

1673 033 105,000 LB CAR: NO. 1 CAR ONLY: TROUBLESHOOT SPIN-SLIDE
SYSTEM: INDICATES SLIDES ABOVE 50 MPH

3673 014 105.000 LB CARS: TWO CAR TRAIN: CHECK-OUT TRAINLINES:

DRIVE FROM NO. 2: MANY PROPULSION

TRIPS

105,000 LB CARS: TWO CAR TRAIN:
3-7-73 035 RELAY PROBLEM, CHOPPER LURCHES AT
- JBALANCE TRIPS IN NO. 1 DRAGGED NO.

105,000 LB CARS: TWC CAR TRAIN:

CHECK TRAINLINES, C/S
V BASE CUERENT UN-
1 HANDBRAK

SPEED CALIB. E&1 CHECK

3-8-73 036 WITH LOCO, HOSTLER OPS, COUPLE/UNCO?PLE, CURRENT UN- 2247 ¢
BALANCE TRIPS_IN BRAKING (WET RAILS) '
3.9.73 037 105.000 LB CAR: NO. 2 CAR ONLY: BLERDED BRAKING
ACCEL. TESTS (0 TO 700 FT.)
105,000 LB CAR: NO. 2 CAR ONLY: BLENDED BRAKING, |
3-10-73 038 FRICTION BRAKING, SPEEDOMETER CALIBRATION 2345
310-73 039 105,000 LB CAR: NO. 2 CAR ONLY: BRAKING TESTS, FRICTION | o
AND DYNAMIC ONLY
105,000 LB CAR: NO. 2 CAR ONLY: ASMS TESTING IN DRIVE
3']2'73_J- 040 AND BRAKE: ACCEL. TESTS (0 TO 700 FT.)

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




SOAC TEST LOG

ODOMETER

DATE RUN Ne, PURPOSE - CONFIGURATION READING
3-172-73 041 105,000 LB CAR: NO. 2: DYNAMIC BRAKE "FAILURES" FROM

80 MPH - EMERGENCY BRAKING !

730,000 LB CAR: NO. 2: CHECK-OUT OF 130K LB. VMAX =
3-13-73 042 50 MPH WET RATL S/SLIDES, INITIAL ACCEL. (CHECK AND

SERVICE BRAKE FROM 40 MPH

105,000 LB CAR: NO. 1: CHECK-OUT PROPULSION SYSTEM
3-14-73 043 MODIFICATIONS - INOPERATIVE FIELD PDR AT END, REDUCED

DEAD TIME TO .7 SEC.

105,000 LB CAR: NO. 1: CHECK-OUT NEW PDR FIELD SUPPLY:
3-14-73 044 CHECK NEW SLIP/SLIDE SETTING (UNSTABLE FIELD SUPP.)
3-15-73 045 105,000 LB CAR: NO. 1: SPEED-CALIB: TRAIL RUNS FOR

BLENDED BRAKING, INITIAL ACCEL. MANY SLIP/SLIDES

~ TO5 000 L8 AR N0 T TR DU ST/ ST I0E PROBLENS BF

3-15-73 046 INTERCHANGING CARDS IN PCU - FOUND NOISY S/S CARD:

BLENDED BRAKE

S S R —— - Ry T . L =
316273 047 105,000 LB CAR: NO. 1: DYNAMIC BRAKE ONLY TESTS:

FRICTION BRAKING: BCP TOO HIGH - S/SLIDES

105.000 LB CAR: NO. 1: INITIAL ACCEL. & TIME TO 700 FT.
-16-7 8 v R N AND EMERGENCY BRAKING AT
3-16-73 04 (Ar180s BEE KENE RRACTIO E A
3.17-71 09 105,000 LB CAR: NO. 1: FRICTION BRAKING WITH REVISED

: & BCP'S SIMILAR TO NO. 2 CAR: ASMS TESTS

3-17-73 050 105,000 LB CAR: NO. 1: EMERGENCY BRAKING: CHECK QUT NEW

POR: BLENDED BRAKING CHECKS: INITIAL ACCEL.




SOAC TEST LOG

ODOMETER

DATE RUN No, PURPOSE - CONFIGURATION READING
3.19-73 051 105,000 LB CAR: NO. 2: CHECK-OUT PROPULSION MODS: CHECK

LOW I, BASE-SPEED CHOPPER LURCHING: CHECK EMERG. BCP

706,000 LB CAR: NO. 2: INITIAL ACCEL. TIME TO 700 FT.
3.19273 052 0-VMAY: BRAKING-EMERGENCY AND BLENDED, SPEED

CALIBRATION _ L _

105,000 LB CAR: TWO CAR TRAIN: CHECKED OUT 2-CAR TRAIN
3.20-73 053 CONFIGURATION COMPATIBILITY, CHECKED ACCEL. & BRAKE FUNC-

TION - OPER. FROM #1 & 2 CAB, LOCO OFF LINE, e

100, : KIN: RUN FROM #1 CAB - BRAKE
3-20-77 054 TESTS BLENDED, FRICTION AND EMERGENCY - NO 80 MPH DATA:

WEST DIESEL ONLY. RUN FROM #2 CAB-BRAKE TESTS -BLENDED 8OMAH
3-21-73 055 105,000 LB CAR: TWO CAR TRAIN: BRAKE TESTS FROM BOTH

DIRECTIONS, COMPLETED BLENDED AND FRICTION

105,000 LB CAR: TWO CAR TRAIN: BLENDED, FRICTION & DYN.
3-21-73 056 BRAKING FOR BOTH DIRECTIONS - ONE ACCELERATION RUN

e T T A T T S e w . fan ey . —

105,000 LB CAR: TWO CAR TRAIN: ASMS RUNS AND RIDE
3-22-73 057 QUALITY TESTS FOR GSI
3-22.73 058 105,000 LB CAR: TWO CAR TRAIN: TWO CAR EMERGENCY BRAKE
: TESTS & TWO ACCEL. RUNS-COMPLETED RIDE QUALITY RUNS FOR GYI
3-26-73 059 105,000 LB CAR: TWO CAR TRAIN: CHECK-OUT OF CHOPPER

MOD. & PDR STABILITY CHECKS
3-26-73 060 105,000 LB CAR: TWO CAR TRAIN: CONTINUED CHECK OUT OF

CHOPPER FIXES & INITIAL BUMP (LURCH) ELIMINATION
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SOAC TEST LOG

" [ opomETER |
DATE RUN No, PURPCOSE - CONFIGURATICON READING
32873 061 105,000 LB CAR: NO. 1 CAR: ARMATURE CURRENT CHECKS ON
FWD & AFT TRUCKS IN BOTH DIRECTIONS &BRAKE. GRID TEMP.DATA
705,000 LB CAR: NO. 2 CAR: ARMATURE CURRENT CHECKS ON
3-28-73 062 FWD & AFT TRUCKS IN BOTH DIRECTIONS & RIDE QUALITY TESTS
FOR GST WITH 3" SHIMS REMOVED FROM TRUCKS
) 105,000 LB CAR: NO. 2 CAR: STARTING LURCH CHECK AND
3-29-73 063 ADDITIONAL RIDE QUALITY DATA FOR GSI 3100
3207 . 105,000 LB CAR: NO. 2 CAR: CONTINUED RIDE QUALITY TEST-
: ING FOR GSI WITH 3" SHIMS REMOVED
12173 06 105,000 LE CAR: NO. 1 CAR: MEASURED FWD TRUCK ARMATURE
CURRENTS FOR ACCELERATION FIX
4377 066 105,000 LB CAR: TWO CAR TRAIN: EMI TESTS AND ARMATURE
CURRENT DATA
T T R — i N o e 2 — N oy
4273 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
T05 000 LE CAR: N0 3 CAR: —CHECKED OUT INCREASE CHOPPER
4-4-73 069 DR Ll R oL EmMS E1Th PROPUNS TOR TRIPE E 3401
BIFFERENTIAL CURRENT TRIP LIGHT
R TIRUE CX OUT WiTh
o073 070 102,000 RB L GaR a0 03 skhlEn KRBT RUNER cRHFCK OURANE

CHECK




SOAC TEST LOG

T - ODOMETER 1
DATE RUN No. PURPQOSE - CONFIGURATION READING
4673 071 105,000 LB CAR: NO. 2 CAR: SHUNT ON FWD TRUCK:
CURRENT SENSOR CHECKS
673 072 105,000 LB CAR: NO. 2 CAR: SHUNT ON AFT TRUCK:
CURRENT SENSOR CHECKS
4973 073 105,000 LB CAR: NO. 2 CAR: SHUNT ON AFT: THEN FWD TRUCK
CURRENTS OK: BLENDED BRAKING: INITIAL ACCEL. RATES
T05.000 LB CAR: NO. 2 CAR: SHUNTS OFF: INITIAL ACCEL ‘s
4-9-73 074 & TIME TGO 700 FT: 0-80 MPH (3) DIESELS ON-LINE: DYNAM
BRAKING: DUTY CYCLE
10273 075 105.000 LB CAR: NO. 1 CAR: CURRENT CALIBRATION CHECK S/
SLIDE: LURCHING AT 20 MPH: TROUBLESHOOT PROP. TRIPS
105,000 LB CAR: NO. 1 CAR: CURRENT CALIBRATION AND
4-10-73 076 TROUBLESHOOTING
R = — T TR AR T ey - =
4-11-73 077 105,000 LB CAR: NO. 1 CAR: BLENDED BRAKING TESTS
105,000 LB CAR: TWO CAR TRAIN: ACCEL. & BLENDED
4-11-73 078 BRAKING TESTS
105,000 LB CAR: NO. 1 CAR: DYNAMIC BRAKING;SERVICE
4-11-73 079 DUTY CYCLE |
41273 080 105.000 LB CAR: NO. 1 CAR: DYNAMIC BRAKING,BLENDED/

FRICTION DYNAMIC BRAKING ONLY




SOAC TEST LOG

" ODOMETER
DATE RUN No, PURPCOSE - CONFIGURATION READING
== —
_ ——
41673 . 90,000 LB CAR: TWO CAR TRAIN: MINOR TRAIN CHECKS:
PANTOGRAPH OPERATION
1-16-73 082 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
4-17-73 083 CHECK OUT
41773 08a 90,000 LB CAR: TWO CAR TRAIN: DEMO. TO TRANSIT
AUTHORITY PERSONNEL: ACCEPTANCE DEMO.
11773 085 90,000 LB CAR: TWO CAR TRAIN: DEMO. TO TRANSIT
J AUTHORITY SPECIAL RUNS & TRANSIT DRIVERS
1-19.7 086 90,000 LB CAR: TWO CAR TRAIN: VOLTAGE MEASUREMENTS
(ENGINEERING TEST PROGRAM: ETP)
e N Ty PG e~ L —r L . -
1-20.73 087 90,000 LB CAR: CAR NO. 1: NOISE TESTING SINGLE CAR
INTERNAL-WAYSIDE (ETP) (ACCEPTANCE)
90,000 LB CAR: NO. 2 CAR: NOISE TESTING SINGLE CAR
4-24-73 08e INTERIOR-WAYSIDE (ETP)
90,000 LB CAR: CAR. NO. 1: NOISE TESTING - STRUCTURAL
4-26-73 089 INTERMAL-WAYSIDE (ETP)
1-26-71 290 90,000 LB CAR: NO. 1 & NO. 2 CARS: VIBRATION ACCEPTANCE
ONE CAR DEAD - INSTR. NO. 2 CAR (ETP)
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SOAC TEST LOG

ODOMETER

DATE RUN No, PURPOSE - CONFIGURATION READING
4-27-73 091 90,000 LB CAR: TWO CAR TRAIN: VIBRATION INVESTIGATION -

VERT. DAMPERS REMOVED (ACCEPTANCE)
4-27-73 092 90,000 LB CAR: TWO CAR TRAIN: VIBRATION INVESTIGATION -

WITH AND WITHOUT SHIMS (ACCEPTANCE)

5-18-74 110 90,000 LB CAR: NO. 1 CAR ONLY: (WAYSIDE NOISE TEST

(ETP AND ACCEPTANCE) :
7-5-73 129 90,000 LB CAR: NO. 2 CAR ONLY: CAR CHECK OUT AND RIDE

QUALITY TESTS (GSI) :
7-5-73 ‘]30 90,000 LB CAR: NO. 2 CAR ONLY: CAR CHECK OUT AND RIDE 5996

QUALITY TESTS (GSI)

T S e TP
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APPENDIX II

TEST RUN SHEETS

Section 1: Performance Tests
Section 2: Ride Quality Tests
Section 3: Noise Measurement Tests

Section 4: EMI Tests






SECTION 1:

PERFORMANCE TESTS

SOAC ACCEPTANCE TESTS

PERFORMANCE
LOW DENSITY CAR (No. 1)
CAR TEST
PERFORMANCE | DIRECTION | RUN RECORD NUMBERS NOTES
Acceleration: Forward 076 345; 353; 421 Also;
& 700 ft. Reverse 076 350; 356; 422; 437; 443 Jerk
T & D to 80 mph| Forward 076 345 -rates
Reverse 076 350
V max. Forward 076 & Also:
Reverse others ASMS
Jerk Rat
Braking: et ates
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 080 253 thru 307) 40 & 80 mph
Service Forward 049 1059 thru 1125 "
Friction Reverse 049 1134 thru 1201 "
Emergency Forward 030 235 thru 315
Braking Reverse 050 320 thru 341
Duty Forward 080 311 thru 358 (Blended)
Cycles

411 thru 509 (Friction)._l

Ii-1




SOAC ACCEPTANCE TESTS
PERFORMANCE

HIGH DENSITY CAR _(No. 2}

TEST
PERFORMANCE | DIRECTICN | RUN RECORD NUMBERS NOTES
Acceleration Forward 074 146+ 200 Also:
& 700 Ft. Reverse 074 154; 202 Jerk
T & D to 80 mph| Forward 074 146 Rates
n u []] " (1] " Reverse 074 154 11
Also:
V Max. F&R 074 Various Runs ASMS
Braking: Jerk Rates
Blended: Forward 073 1116 thru 1145 "
| Reverse 073 1156 thru 1211 "
| Dynamic Forward 074 213 thru 228
i only: Reverse 074 232 thru 246
‘7 Service Forward 039 159 thru 254
| Friction: Reverse 038 1116 thru 1154
|
Emergency Forward 052 346 thru 407
Braking: Reverse 052 318 thru 340
Duty Forward 074 252 thru 336 (Blended)
Cycles: 346 thru 437 (Friction)
II-2




SOAC ACCEPTANCE 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:
Blended: Forward 078 1141 thru 1157 "
Reverse 078 1229 thrua 1246 "
Dynamic Forward 078 115 thru 132
only: Reverse 078 1254 thru 108
Service Forward 054 330 thru 430 !
Friction: Reverse 055 1043 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




SOAC ACCEPTANCE TESTS

RIDE QUALITY, NOISE, EMI

LBS.
TEST TYPE CAR NO. TEST RUNS CAR WEIGHT
RIDE QUALITY 2 (H-D) 10, 11 105,000
(Section 2) 152 Train 57, 58 105,000
2 (H-D) 62, 63, 64 105,000
152 Train 90, 91, 92 90,000
2 (H-D) 129, 130 90,000
NOISE MEASUREMENT
Interior/Wayside 1 (L-D) 005 105,000
Interior/Wayside 2 (H-D) 010 105,000
2 (H-D) 087, 089 90,000
(Section 3) 2 (H-D) 110 90,000
EMI TESTS 142 Train 66, 67, &8 105,000

{Section 4)

IT-4



SECTION 1. PERFORMANCE TESTS
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- TIME AND DISTANCE TO STOP

DYNAMIC BRAKING ONLY
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~ 1) LEVEL TANGENT TRACK 4) WHEEL DIAMETER 30 IN.
_ 2) TRAIN RESISTANCE INCLUDED 5) JERK LIMITS AND DEAD
(ZERO WIND) TIME KOT INCLUDED

3) GEAR RATIO 4.78
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4,3 Automatic Speed Maintaining System

4.3.1.

4.3.2.

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.

Gwnb. 049 3007 /73

RECORD SPEED INDICATED | Lo/, ~my/
NC. SETTING SPEED

1215 3

/2t7 15

/2/8 25 25

/219 35 w1

/220 50 7

/22/ 70 70

/222 80 Jo

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 configquration given in

e S By 087 36

RECORD NO. SPEED FINAL INDICATED SPEED
/223 80-70 7e
/224 70-50 S0
rxye 50-35
/228 35-25
/227 25-15
/228 15-3

IT-23



Q" AT S T W AL S AT WA L
P
3

SOAC_TEST At o050 |

T BT S e 47 o P i L R L e

LATE @;hs % e ;f;%e o0
i v el _ . Pm ¢

AN Em&Ze.cwcr Bﬁmf/ué
- CHECL. RUENDFO BRaKkIVG WITH LOWERD g('p S

— CUEK oUT MEW "PRoOverion 'PDR
ACCEL. £ RRELE

HEATHER CORDITION: ~
WIND SPEED] | B )
: PARCHETRIC i AMBIENT AlW ARt
el oAl h MEE it a \..I_Illﬂ.x‘ﬂ'-
DIRECTION PRESSURE | § TEMPERATURE  fzvg ‘;
I ¥

TEST CONTROLLER - S Rosk
N .
JPERATIONS DIRECTOR ﬁ,__-_B:&.Z_':EZ_; YOTGRMAN mw@%dﬂ/ﬂ

DATA CONTROLLER LC)E@.&M... © O EROUND CORTRGLLER

s

[NSTRUMENTAT EON ‘ rean MONITOR K. ASKELL

ADDITIONEL PERSONNEL 3. \bGede (2 Guesr: 2ush

VEHICLE (ONEIGLRATION. | o |
'fc-“*’z /osooous LD cBR. g

THE FOLLCHING FAGES CONTAIN THE METHOD, "QUICK-LOOK
INDICATORS., TEST DATA AND RECGRD WNUMARERS FOR
RECCRDED DATA.
\ CHOMCES: RepLocro ot O- ST‘;L.E PDR wiry PPODUCT'IDU

—Scu:rcem 2 (MOS8 SuRiins RVM & 3250 P,

= pem Oscitl. [y REV-D izsg&_
WiTh E0M RO SFAST LESS WA

- SECOND SE7, s

B

e

-

- B,



m 1 T AR L T L

RTINS R PTG AN TR THENL T DL P il T O T W I I T DT B L P

QLé:zuD.co

P AR L -fv

5@,&(’.—“-/ /.-JJ

 (oMERLLD ”’#W/ SE~FWD

B TECRW A TR BT S G BRI PR S I § AL

Lt s N

Jﬂﬂml?mdP 1

%2)

9%~

D0l 1y 20t SEC > sepwer

2/.0

QU -FV D DIUECTIOA.

S ; ey
i TIRE TO DILTANCE RECORD E
SPEED STOP (SEC) | TO STP (FT) HUMBER |
Ivo, . —— :
i [
L '
| ox|
N | ~
0asT ;{T_‘fef) 40,5 “/S:’jA I AY 358
Aa gL, ’ +l?_( 1 ;- — '
AP T 34 352
60 | >
o] |
- — ; —_ _
; oJ i. j .
. ) o f v ! -1
| 98| S0.§ | /808 | 34¢
- 5 (59 g

S ~—> OSC/LLOGRAPH

O

"11-25



CMtE&&mKN '%Qau ma

TTLUTREE SRR et M iy Lo pem

VoS Kiy

;,oﬂc,*\ ‘j

)
LD sf

i ossrwse= PEY  Run e ogr)]
INITAL | 'i:!ﬂE 10 DiSTANCE RECORD | R p
SFEED SToP (SEC) 10 S16P (FD) Nbek]d
LA
0122 2,0 [[S~ | 320
20 |
Ntz o | ST 322
was| /o | 85T | 3z
w§s LS | 988 | 327
80! (8.0 8z | 3%H |
E w|lY! 25.% /533 1336 .
98 220 | 6t | 39/ |
Je ?’W 7 ey
EA =
,33’_?_3%—— 3533 Sy 75
&S 5

I1-26



PR W T TN AP T S

%@mc Y 6&!/041&

TR A W LT UL e v

Eﬂw"%co.

IR N 2 |
INITAL TI¥E T0 DISTANCE ; RECCOD E
SPEED STOP (SED) T0 STaP (F7) ? NUMBER ?
b - 7; - -
!
] |
e ZsT év% 10T S/§
h 424 1/ &7/ ! 376 I! 3 |
| wfihS (22 | 30 3
- i . C *
nel 8.3 847 | So¢ |
wigp | K.3 | /58S I 259
w gl 25.D | K95 | 235 |
Bz BE 3 152
/395“ /5‘5"% - W? 808
33500 -
w57 Wy
3% . e



’ P Qoo at DOUAAC AL, LT L WG
TEST BUAM Y anrae@c RAKIN G
OSD 3/nl73 /osaéc? (R
, A, [DIRECT= |TNITAL [STORIUDE [ [DECEL. IDEPEL, [DECKL, 1,
& 4. jond | SPEED | DATA  TimE J;;'e Rérg 45@, SVAE L
T { NI e - -
T % ol [re] | 4 o555 s 3
A R el mph |SEC | Gt |SEC o, b e | g
235 W |80 |28.575815%| — 12,0R,4 4 3.0 (296 e
282 |n |l 30.2?.st.31534 -~ B./3419.4| Fe2 3.0 el
o4 | | el eolBrgn 12,8134 14.73.5 |3 |s/s e
08 v |n e |e 1BASIS| - 12,7|3R14.8 3.4 3.3 | —
Zy | | BSHSR) 3% -~ 128325$0|.6 3.7 |sk -
L3 0 | 142 BoSIh 736 = 12, 136/50| 3.8 159 N
/s | in |23 (2268007~ SRISLISH| ¥ Y |13.9 ISk fom
i 1 |
s20 w Revi2zlzz oS- olkils| 38 1.6 |3/s e
- 322 | v | o 140 203359 - 26I3SE0| 3D 3.8 |S/S | e
“ozg ||y skosine3sr - 3030150139 15,7 | | —
S =29 v | v 525187 048] - 3.4(3.2]4.3|3.Y |D3F% —
N 320 | " Q59808 — B3 44 ] 1325 b
236 |n v {8BoNF fs.s S| —~ 272157213,/  |8S.0F p—
- 347 | | 80 P& 2204 - BSISRES| 0O |S.]  —
B B & BLEMDED | BRAKINIG ChECK ~———
R4 fow |[Fwe| 80108 s ligrs| . 812.2|27|3,01 2,95 128 -
2§z | | o [dokesialsiel-binsliolnt |z |28 |iose| —
- BSs || Hos| . YS94811.6 1283203130 2.8 |.bsec| —
o . ] _;.g;e
I Rers

g

V.Ilréa.




SOACTESIRIN | OF &

oaTEs TIHE- F1ERT . fe10°
e s | e FVEL Ve
] B s

. — e m—— —_— e ——

CURPOSE; - CootPrr. Bose SR'?-%‘O; lLow T CirEAL-
— Riswosn Breécive 40< 8D et
— Eingilorvey ORFIVE
— T AanTige olc' (’£m2ﬁ7pms c 0200 €&

WEATHER CONDITION:

WIND SPEED | | - |
PAROMETRIC! | AMBIENT AR (5 ART
PRESSURE : TEMPERATURE l 5 ‘

- DIRECTION , %

i J !

TEST CONTROLLER 2. PM

- OPERATIONS DIRECTOR ; HB-ZUEY VOTORMAN W Cu g/
DATA CONTROLLER M [NfLLaum2, = GROUND CONTROLLER P Reoww -
INSTRUMENTAT 10N | REAR MONITOR & PHSKELL

ADDITIONAL PERSONMEL = _ ___m__“-;~.‘n_-.__. 

VEHICLE CONFIGURATICN;

g CAR 1 JOSrO (& H"DC/“-?-g

B L T s S ———
A ek r—— R A
R et e e e A A w4 e G mm—

THE FOLLOWING PAGES CONTAIN THE METHOZ, "QUICK-LOOK
INDICATORS., TEST DATA AND RECORD NUMEERS FOR
RECCRDED DATA. :

L M VostiucdEs  DuRiM (o ppeR LURCIES o

I1~-29

v
- .

b .

R IE D SR o "= N G A, "o, v ;. 1y R



253
257)

GO0 ELS p

\/m BN

DiIR Mg 50 00 Aﬁfﬂ-,

=00~ Cw >

oey ~lry 2000
oCw 2/ /
Foun—Cls 2005082 S

II-30

D7 rph
28 mth
Joo’!
V.77



TR WA BT Y

L TERRCREy T T T TR S
: s AT e .,Hf;?_,ﬁ,:?f.:,
o {_: ' i _ fﬁ . o "“‘ EV ‘ B | I]
IR ! THEE IO ¢ DIVTANCE ; ceECGRD 1
- i SPEz i STOP (SEC 10 ST (FT) RUMEER i
T e T T
| |
20 5 .
- - L, [
. o1 | 2% /a2 Qs | |
R A I LGS S N - IR N .. N
. T T t
. t SN Y ;L:v?"/u.s 3335 ; 33%
- f : | b T 1
SR b LAk By | 333 j
- . T
B0 [ 19/ w 31T P33 |
) ‘ | ; Sou—
% 6 (6o, s/me 994 | 3 |
i - g | - P T
¥ i cul ‘?.°; _?%H_,/?:i ) % 1435 ' 323 ;
" SALYAN ! I Y/ A
j

1433

33500

31367

3350

33465

1433

33%

! 780 i 5/0
3o 335 H 3o
32 34! 300 JCEBS
] #39 79¢ . A

N S0
32705

95

II-31

330(3-



a1 T S At o i St o S S A SRR

. ; EM ELG N G

TR L T e IO i R O b AR S Y e

Col M Z y-D

2 |
P mep-cw | _ o5 4
I )
INITAL TIHE 70 DISTANCE RECOPD
SPEC] ST0P (SECY | T STP ¢FT) NESR
- | i
E,
ol S 1 | |
MX | o f S j !
“ % 7/__7'3 | [0S . | oY) J
HHH ! o ’F ? i
0 | W%/ | 315 ] qoS” |
G\ w/s oL i
60 |9 | /1 L8 { - 359,
6159 . /B3 i | 3ss
e B i et ] .
% b | TS | wSasb | /%09 . 80
g _ 0% j |
: ! , ' -
{ 0 13 l 2495/24.% i 1477 390
‘3;.?477 3RO 22 5’60 SLg
2N ST =% 2-170% YA
LER [ So8 V66 S6
22 25 31908
P Y il Y\ G
112 .
II-32

NS SR Y SO
.

v e Vhume s dre .. m aw

P U

A sl Ae 2P

.
i WA P man Bl ek vt m—— 8 .-
4 2



.
PN T o Ty

. "o
*

igf

@

"I,CquL“D AR ML D
oy
AN - cowd | osr ! |

T TR POTT ST TIRT T TIRANES LI NRUTIS T SRR M TTRAN U A JBRT AN 1 R n*?.wa!

— ¥ { 2 9 S v ‘rm-ummlrnnmww—v%m—nw-vx

AL TI¥E T0 DIINGE | a"gta

LSPFED STOP (SECY | TO STP (FT) | NURER
™ ' - f ‘!‘ —
i | 3 ;
. : |
e | {
;"" &1 i EX ) : yss 429 ﬁ? o
! My | —/ s, 5 I 42 |
{ ~ D '
TSN B A \*“7/\‘\5 % 43 vis i
60 !
e - - : §L
l h j . : |
Z o ! S : g
% cu ) ; - i Ui Seperan
i 50| M9 -m./ 9.0 i I'ﬂ‘/ [ /) |
r ] * —d ;

3 2 0B 3 ;
118
’

:

;

IT-33

E.'_. e g ok ome . .

LYAL K
P

5103L

S T T e

e gt

e ko Wt o .« 3 " M A mme - A



A Rl AR R TS MU L P Y, T Al TV R e

Ti#E TO

STOP (SEQ)

con NS L W-D

h
I-
!

ON

AT---L - -

1
DISTAKCE f
T0 STV (FT) |

vl A I S, 0 ST

RelTRD
fellie R

- "I
T T S S T SN SONG TR S TATE AT MR T S MMET Sl AT TS, 4 a3 e A

W IR a—
i ' ]

o
‘ T |
ﬂg . , [ :
- S e - i ...... J
90 SR WA IR L 4573 :

4)

Vi N

ug—.;.mwmmr e

4

|
|

N /74,3

Ly

B0

23 /133

i e - ————

433

738

1
W ST B T LR PR

II-34

LR S T L e e Y

[Res WFgres SRR S SRR R

. med . e

AWl Tk B et ey o e e s -l e e



SPLD oD

freceep MNE

SO0

5o Y
Vo

511

SPLGD
4850

£

I1-35 y

T

165 /1%,
94>/91

|'>.L7-' /] 354

20 I W

e

¥ ¢

A
2.3

A3

: 'n/')LJ;

1.\

-



Soal WY 7 e (AT ACALEUATRD

5T R O¥L 3w (03
v
’ CUR TR Voumses | el
SRR [T | TR () |F7e Tom Mg,
ho < ST ‘mmys‘_.; P BPT Ty AL
_ Pt - Cw
5y o los  lesy 81) eos | I Vmox * TIMPA
55 i & L9 g7 Loo i _
2 w3 | w73 | et 5973 22 - | Tveyee =7
P 4.3 | 2.44 873 FoT 575 2.5
o3 | 2oud esf sof 563 IS Ta 2 FIET mor
a8 {3 By 790 556’ D _
tons {1.32 S04 Rk ER 2.5 7 U
s e ] V% Lo S4g Y6
AT ERT Ty 49 Y50 31y i .
lo 1y Y7 itk 139 450 E{AA
g | et N3 | yg Sy 9.9
W% | N hk 9 2453 | ws? ~lS . _
w438 | 133 | M¥ s | 440 435 Yoo 1.
- v - oo
" 2.40 .
515
FAR Y| _
- .y
F o C
25y - |
U b -
¥3.¥
B} _ o PeD - cw
256 i B - _
Sy .
HA? . . - ,
.. Y22 B e e e
- . - T 1
] y e
1I-36 )" . L
. - — b



'l“:-'l& {].

futd

e . i -
. TEST ot —7:-'?.42: i &6 TTESTY
OS2 2973 VoS 000 T8
M Eereg el o A S Ve e AdeeT
e [ e Feomy [MePor [V Bpen b [ e 7
& © < T R M ey
OB g, |2 ) PTSER | 7 S
_LEMERGEMNEY | BRAd oG )
- L ) N _—
el ke [y |9 (77 et ] = pazfsac e |29 ] 30y I R
23 e Y e [y et W | - B9 R jdov | 207 ) 349§ s Vo
Rc-TE-TN IR L KO AN PACH RTA S TN S 5 F,w 31337 %29 s |V T
w2 fufw Joz Lo |melen] = apacfvi3yi 1227 | Sis v o
T O O A X R R PTI IR L T e ET-A DTS I WA I FAARE B Y ¢S I B
228w P ey [3s|ns s | - R3LfRUT [ 393 | 380 [shwm | v
240 _[% oo {\BDS wuﬁ = 3¢ fuz {rsy | — 328 |55 v
v Jew [mo a9 1o (2] | - Baf By 3 ‘Ei.u"a" VAT v 33::
g0 wof e 1YY s sl )~ laaciany gt 303 2.88 ] v 5:
wes e 1o dsaesina e |~ fesefas it [ 336 |38 Ly e
39 | [ v fsedoashia A ] - Bazfass ey [320 0 f e i |0 4o
402 e I inshes [ ] < we3teajyn ] 305 3y v
4% | [ fao Bes (e ws | - e Bty [ 35 3w fsuT T VO
407 Yl 2o hevsihezfios | - s 5’-75‘!?-2*3 - AW s
) 'E:LEMD:@) %I__K_}Eiuzj_g__ R
o fows feev g [y jws [ e eadfes ac | 295 2.5/ | e | Y
an [ e Y peeiong fryo fwo fesyisy | v |95 | A_V'
B b s s M s lo fes3erpas | 3e3 [ 28 ) T ] T
&l v b |4y I3 s fsrg jrzy es|2osfesy | 285} as€ N R A
a9y SN RO RS CE SR NA 8 (200 [ A PATH SF S TN S XS S S B
] _ o 37 VT T ]
i ... - - h N L- B



]

SOAL ACLEPTRWLE TESTS
PRAK G

WhaanLur

(— Da T ’ 3[1"‘7 b]

- REZ

{oresc,

RITAL
SPEED

STEPPI RS
DaTA

| LQ*

—_—para bEDSL oo t w7 en

-0)

oS ¥ LB jcar

o>

T

®
g
[4

Ca

R

N

D

W,

E

i
Mg

SE&

o
g T
2

™

Bl |PEcEL

AEPT,

D

79
19
4

44

L E|

G 3™

N7
7
»5
s

23s

MAS
L1EY
M4

—— -
—ee ——t
—-(j —— -
i B —— —— e _— -—_ —_ -
—— ——— —— - _——— .
—— RUSIDRE [ ___{ R
—rie e g = [ —e - —_— . —
' —r— —
—— — ———— — -
— ——— - -
e —
Ve i - p -

e tma—— e w— S -

e s ey P - R

|

et gy e e e . -

————

——— - -~ - -
——— ———

——— - I

——— e - - k.-

. o - -

| ———— - ——— - -— -——

L
M2
N7
asls

44y

233
281
244
lL.eb

269
2L
725
225

k2t

1 38l

224 | 294 295 ke
235} 295 | 2.9s —
2o% | 29 2.82 - ; ;
295 | 228 | 2.%9 —:; - v
| ) 789 ~

— e —— ] -



N2z ca (,H~D) YPEEDd

/1933
R 0%
SPean TME ol
vy Zaca?f
49,49 284/28.4
294 SIRTETR
kK 2.9/ 3%.¢
) O-":*)/ (@owo )

I1-39

»

CrAL g
SPan T SPEEO- ToLLE
CALL TUmeas
©.8/8.7 (D13) 4795
n2/329 ( 31_')) | 32.9
RIARIAD %S,



» O AT A KA A )
SOAC TEST BB Se_ os4

Eats _ _.u'rm-mmm:j

BATE:  [=/20/93

o Lo ST A A YO Lelnrl CAaEALS Arer)

D QE .
il )RR LT TEsTy ~ Buardw
o PO G

D/ =t -

EMELE NN

HEATHER CORDUTION: *

WIND speen] ! _— | R
| | AMBIENT afn  (START.

e BAROMETRIC

DIRECTION

PRESSURE § . ° | TEMPERATURE iﬁr@m

- Cear 1 cag 2) \eSk LR,
/ )
e - _ ]

, | , |
 ADDITiONAL 7ERSONNEL Gagy _ w0 ey g_;_g_;)_ )

»

— —
TEST COATROLLER 1% ToAs)) ICEVL-%T‘ ‘m"m)

CPERATIONS DIRL.TOR ey _NoXieny | poTORMAN ThHu  Cuniaw

DATA CONTROLLE! \Whan " FAMLALOL  ~  CROUND CONTROLLER

INSTRUMENTAT N Gz D25

RSAR MOXITOR™IC  BASKGL

e e vras B T e ¢ e =4 P e i ———— ——— e . - . e, = =

VEHICLE. CAN 1GURATICH .

1

THE FOLLOWING PAGES CONTAIN TWE METHOU. ‘QUICK~LOOK
INDIZATORS., TEST DATA AND RECORD MUMEERS FOR
RECGRDED DATA. .
NeY con D Ivee
" ma ST

CotderT T WP TV 300

II-40

-~

Or—-

o —

Y

Tohe Ta W -
- e

-——— A

e e o ns mmm  aem a.

o r PR

-

- -

ey ey

- —mrm



329,

13317

2o 0S54 -
— Rl Dy TP Y e - = - i
% CAR  TRAIM f;
Cow - MY o - 1
rl,-)u--—-um% C-T;C-“ L ITp LWSLW“ Ac-rt.,\r
' INITAL TIME 10 © DISTANCE £O0
SPEED STOP (SEC) | TO STOP (FT) NUKBER |
INvD
- | ) fo AR
20 |ns| 88/s8c 4] 324
20 |218] 9.0/4.5 | 4] 31|
~ | ug PilAskle T 8%E 7 T
o 3116/ 1e3 85 3 3L
40 14) | 133 /M 453 307
O E 806 | YRR 1o 300
) 60 Lo | . /T | oo r<o :
S, 18090 ) 28/ — | 37 23
> 8 1N | 6.9/200 =y 22y
@ 22500 RS A 350w 3 3E0D 33U
avil, %134 32420 V1500 3 1768 33317
OV T 3% 1o /32 TT4y3
Y3 B3ete 3350
( L LA B33 33355
- SY 3 500 797

I1-41 -



Row o554
P LSO AR O M R R PR T T A Nl S T ENRGR TECRLID T TR DA A A AT Sl L0 P S AL TN TS 2 WA i e SR LA e T e W

| TRAeTN - s 4 ol FeD |
-

E’l

J

| WP D =
rcc'w erw S I '5 _L.Lq (%
L IRITAL TIHE 70 BISTANCE RECORD | ~290°
SFEEd STOP (St0) 70 SIGP (FDD NUMBER 5
g
o — .S'L‘f’ _
L w1 %,/7.7 /3s 330 et
I | 2409
i W lwo | S/ 129 ?-*"’"f 38
A3/ o 3353
| R0 1
w91 v )% 44ya 344 2
b ~a .
i ' 03de 5
;50 )< 5.2 /18. '
§ 3|56 ] 18.1 g3 SING) 3350
| 80 |o | \9/he g2} e0¢ 335—7—;
|80 |4 | s/ By J16 —
80 |Dy 1 288/18.0 1408 g3 o 370S
A T 13 v 23 g-o-f_;v -5%3;,(,9 ' S DY N 3 L\.m,
32y ¢9 3675 31}%3_ 317949 Y2 379 |
) P3605, . '
5k (L7 4 —§31 42
o m, 3
2,1“‘1“13 1182
151‘)‘ | 50D .

Ir-42



- - oo osY ) 20/ 73

s o e TR TR AN SO TR Pl S TS LTS SR s ity ISR AT A G b DA w]

_ ‘j,cmljﬂm M) et (wD
les Kl LB Ced DG !
_ é L:MLJ-S L.'NL‘V

e e s
e T —— e Ty

IKITAL TIFE TO BISTARCE RECGRD
SPEED STOP (SEC) | 70 STOP (FD) NUFRER

20

20

" TN B

4

i '
| -ag 50|62 | 193718.Y 859 440
|

@
o
be -
Ll—‘wi."’.tf’ﬁ"u_:.--"-:mv_mm' o

) 27294
- 859

I1I-43




V | ‘
W osYt /w07 o
T o TR Y
N =Gl TV ‘i
__ Bw ;;‘L Fwo — _%! '
INITAL TIMNE T0 DISTANCE RECORD
SFEED STHP (SECY 10 STGP (FT) HUEBER
Ju 5 |
| o $.1/179 12| 51 |
E 20w | 5/ 117 Se3 |
5 0 MpS | 158 )as b 43T S/7 3‘1}‘{%
i - : 57
w0 Y 1ss/sh 450 S/ e
] '51’:‘::_'"
g 56149 l%,'}ﬁ, ) 9.0 l LG Sey 3‘-‘:'{;
E a0 '53 '07-7—/}"7.3 T)% 453 i .,,‘q,n
: .
L
k fTD 1 ™
]
2,2 9)¢ BYAE'AY 31D
) &V 3 o =31 ST
YL A2
IT-44 | Y



s e STOAC ACLETTROCE TESTS
WAL AL _BQAK"”Q : : T I ofF /
—pur nF 059 contig & 2SR TRAW E—
,. 'FE..'}‘."EQDJ_ LT e oS Uk
- ;b\?.ECT IRMAL  [STEPPING % " TECEL [PeEcen. |DEEL |

REC sPEEp_ | pame [ S [ [ Revs | ave [ave o | S ACTPT,

: e T s Rl o ey |
- N LAY 'ﬂv Mgl 2T K Wl Mk NTereE k)
A Rl © € E e U HPw/ MPH/ T'5
% seci VT lsec "2 SEL sg.

T | 4 EBLEMDED | BiEAKING

. oo R oy (@ Reg )i e {20 fzeclzen] 2 s
238 v v 10 163 e oy I3t lzer jree (320 | 7 | 294

2L 160 fsg [na llose |t |298 {303 |03 | 2.99 2.9 PR Y

T 2o bor | fer Lo o Doz 9T 269 |35 {38 | Led FR-Y v 11
- g vl e A fseas e | 483 1104 1308 |29 {82 | 29¢ | 295 ~ [

SR P[4 fHras)les S 0 (02 BB j25¢ | A58 2.94 PR

R ' w4 fuons s fsoo fuly (223 280 (230 | 286 .87 N
T Lt s s i 1068 24 3 30 | Q07 2.94

s " ol e [B7 114 Jon ndY 3L |36 | Ve | 308

§ .

IS T I ERehod TRRAKING T T LT s

L A30 femw [Rep |13 1gfs shisos i hiog A fuas 2o k) b L T
A& b g s ]reefise by g [y fuse | 2ud

e b b eo sy s [ oe v RS | Res _ lass VL =
=T T A PO O I8 - (2O PR 50 SRV TR kS A T <
N, o BB L 2 CRCH AR IIC N PP L AN eV R S -] S 4-3

T IR LN YO CERYS SN RTON BTN SN SECR TR i IR 230 R B 1"".'.“?
-1 A SR B 7B EWEIE e B (A IR B9 s RL 3L N
22 1Y U [wes] B s jlos|z T 30 [ses | gt _ | 32

AR N B N BFLEDTDED_. [BRAbog T T T

cw leevls3 s |a=i»s | L) VL o
= N LU LN ROV SN HI=NTE ACCITN R N N B I
=31 I TR N S LW NESrd 8 . ) 1. o o =~

_ - .. _ -
=T R A T LN R B N R .t
-2 L U - T E-C BT I

i
i
1
l
i
o
1
I
1
A
asn M
b
| ;

Sy

|
|

s P e pes el

5O NrY

|
]
!
!
!
a9 eladiy

|
H
1
L
t
\.un;: B
Wigda §
'

!

|
l
|
!
1
!
'

II14 45

" admag




. .. mwmm-"mwmrg . . ' -E
AC_IEST Sl { 0ssS | o
Y : o . P
- — . BYRET  K1oF | ‘
GAVE: l“;/‘L//’)} g TIME: (9.0 ;12735 .
o COMNNUGT R Cad. ‘m.,qu Bmmpe TEST -
. }:lgn ?:fgp (8orvw) T,LEHDGD, ForeTa LT L I e OICERM

g B0, 1TLETE, Ehwwm/ TRe~s MO L A%

WIND SPEED P " o
p—e—  BARCHETRIC AMBIEWT AJR |51 ART.
| PRESSURE TEMPERATURE  heprg=

DIRECTION

TEST COUTROLLER BB TROUSH )

OPERATIONS DIRTTOR Tt MWARLEy ©  pOTORMAN GARY DAY ;
. DATA CONTROLLD! AT Pavimveld,  CROUND CONTROLLER _Bi) HASKEL s |
INSTRUMENTAT.JN FRAPK  DoScwR (o)  RipR MONITOR GAty _ WwobRy

ADDITIONAL FERSONNEL Gos YW (65T),  Povmns _ 2 . (6%»0 waon)

U e —- f e e mmsms ison el s R o -

VEHLCLE, CONEIGURATION:
Fatm 105 K B
[ -

i i ™ T A M e . s AR e = e — . s s bl — ety —— —
- —_—
— AR el es U et b R S i dmam s

THE FOLLOWING PAGES CONTAIM THE METHOD. 'QUICK-LOOK
' TNDIZATORS, TEST DATA AND RECORD KUMEERS FCOR

RECGRDED DATA. o
Mo  CRRHGES T L
Fevrp e TDHIRLE 210 Corrgdtrm W | GlR_

Loowe - Retimcsd BT 5 Fixen,

T TR e i ST el Y B iy s e

iy

i I P
Il

RIS CorNTTr-y VEtu-; @@9 o Oy

T _4¢



l

S

o 055 |
TR0 HIRKING
2 = &l TILN W

T

Chr  TATULA N ~ 3

am

LT TR LR T TG mmymfm: e [t il s L B Lo g

NEL Col,

AL A MRS TN T AL S PR O MO T e T € R T T T I R S T S T

Loy ;1

: B e Bt R

it TAL TIFE 70 BISTANCE RECORD
| seEe STOP (SEC) | 70 576 (FT) HUKBER
| o
L ow || 9 33 1040
.1 - —
1
| O | géles 119 o3¢
¢ ' |
. U 1 \t»"‘/.\é"5 st Joj{ 2
R L Py IE- 443 lorsd |
E 50 |60 | /A oo 107_‘1‘
L0 joi | 7ve/ T josS (618 i
(3 |79 | A9.6/28 192 o
; -
L RE 9 Bl | s oo/
t NS | 28 /755 E — 9357 J’

L 3274 _
VS e Dl wise
1765 [ 797
IT-47
——— 3



. U O‘:-_'E: -

eI RS S TN TR A ARSI AL VRS LY ok B ST I L S mwwnm.i
l
[}
i

f'a.wvolﬂ; B ENIG, NET Cah Ko Tium
1 2 el e

Lcw 'D\%{-—TNW - vo

S IR S S
v

et

oy a—

. o N -
i#}TAL TIFE 70 DISTANCE RECORD
SFEED STOP (SECY | 70 £70° (F1) NUMBE \a
\~D K

. 1330
b ow || 83— 33 | o A
i | -1 3 o
| ©|n | psl8d 119 03¢ ¥
g ‘ {3
I b B P et Yss'f P30 ey
5 1\ ) ‘ I EaEY”
E 40 14T l[ \s.%/\é-'; 45 [0l 335:.,5
i 50 Lo | /14 Joos o2 |
¢ / - 3
f Y,
A AN s 1757 o &%
1 - -}
% 80 |?o 'L‘)-'L/ Db IDLS 100/ 32%
\ s | 373 E — sy |

3350 | 335 ¢) 37 _

2| S ‘l,|‘a'_&_?_ -’D'%"U Y‘m

' 1265 | 757
I1-48 - | e
~ — 3

R



Lowe 0855

_ A ER G RIS G T r——
ﬁ =3 -eh% i u AR
) icw —ew ML Cen
PRI TIRE 15 DISTANCE RECORD
i, SPEED STG? (520) 10 ST6P (FT) NUEBER g
- ! [
- i ' -
_ - w (.?fcb /("q /03 ,043 13‘”)‘
) 11 Z0 1 4’
ols i 20 {vr ) I 1723 1047
_ v
Q| W g3 | /1 4o 1os e |
. / a ' ;
L oLt ' 13/13%0 399 losy |
5, l . ’
R o |w 1w/ e, } 3% los z
/ ‘ =
| af (p ’ o C? . Eﬁi o
¢ ol ‘ 1% 1o, ,bd ¥ :?’6
- ;_ / ' oy % 7/ o
L 09 [ Teb /ol 1763 ny
) z D9 [_] v 1754 Ny j
2273 Y 33543
3 |G B B
TR
—J II-49
m——"



AN

055

80 | a9

; D BIALING ]
e TwD , ,4
g - Pt 'mn: ) h:i el "C{_::{;* . -\-mmwm..,....,.,...m,.,..,,.,,ujg
- o ‘\l-mmmns--., # -qmmu“wmm-.\i
[HiTAL TIE 70 DILTENCE PLCN?D ;
SPCED STCP (SEC) | T0 STOP (FT) | KIVEER
T et %!
¥
R
i ) : "f )
Jdomlen | 8I/83 0 gy 129
\ - ; : ! .
~ \tlg 50 143 | Q ”aﬂ'/’b,t) | So8 I '3‘-/
60 r
60 | !
e e p— |
[ | [ 98/858 1 109 ; 4> !
% DN | "
; )70 i :
1

T

?ﬁrl/s&z |

1201

RE-S-tay

. 33}13
477

'3}%1—9
33250

33500
3199 |

.:J'S:og

T 1909

II-50

Y350
31966
T

—— e = R N

— -




21 WL S ———

P Chir Dhilehed

g eci— -~ FP
3'2,"‘C-nf2. N s

T LD UTIETUR, T DT L EAAMETR S TR TR T

e I

. ;1

!

1.
Bl RSB WO I W TR W RETTARE B L T W B i T

. P o - = A BTN uj.m-m- LU TR TERIE L ST cm.;i.-v-a.--u et LA LD
PNITAL TIRE 106 LTANCE MECDED E
SPEED 5707 (SEC) i 16 TP (FT) | RUMER
: ;
— e ™ e’ e + ,..,f
’i 29 l | | i'
P ; o 3
} it ' !
i ;s
; n9 - ) - i
ol ‘ g
iJ L J]
1
- B . .
- [ | ? —
T . g ' Q,cr‘:‘
sl WS I SR |
{8l &0 sy SRl R Y 4
¥ - N 1 ’ T
1 oo { i p
{ du | @O ‘5!,/'51,‘2._§L l‘%‘l}. ; 121 O J
39TT 33900
ERkARE 12009
S 79 1
 1I-51

- - e i iem e e s w

L R A b e ol o

A g o R T mm e lade ] mm b o b



SOAL ACLTETRWLE

&SR

[
o RALLA S TBRAK NG [ of
'.'DA'TE..'m LT e los ke LB
_ ‘ ‘ . . e e e . .
Ippect, NITAL  |STEPRING v t_lT CCEL IPEcg, | DkeEL <, ‘
TELC PeEp | BavAa [ T | RATE | ave AV | S ACLERT,
b T N -
> 0 LA N ¢ s g (Mciomei YSPEED
O N N T D N A N M s -1
ARIRIRG v lse | Y | T
¢ Sﬁﬁ T 3E&n zf} &®.
TIRLENDED TRRlar
'E__.—-‘ CI.-J QW L . ) - ‘; o - i
oy | | Iws|rs By nes i v Rad|zee] s . | 252 v
voro |l s i fes ey fieg [Rsb [ zse | zee |29 . -
oy | oo Soler s s heds P3¢ |28 ese {29e] 2.3 e o
Wy | v | Lo [segsius el b [235 123y |29y | 2.9¢ 2.%% T T
. v YU |90, WS [99S | O lusy 84 |2l .68 £ 78 ﬁ::’:ffﬁ" -~
i 1oyl by I3 s 1S (M |8 Jaey Rt et ] 256 290 —
Twse 1Y fu e laqg b | 1208 el [2nl | e o) _ v o
Gledo gt easna iy o lagy [rel juse | vl 1ol "
; .
I : FRICHON “§R R Ry
Twe o |t [ | (i o i e o o |eed =
ey IRy Psebwa o o b 5% _ Ly} {/ﬁ
oLl e T ks psa fed |6 [e3s Ras e $3e Y3 ) .l ,Hq\ﬂ'
W57 e 1 bl s, s by fest ey M | 2y Y | oo™
‘Q\éhl ! _'1. - q,‘.__ }5'_;. \x'-é‘ 35?.. ‘L'% :a'_)e 3.[’:{’ Li‘ﬁlg 3'7-l,+ ‘S'C}O e _T‘_E*“)
VTR0 S ST B0 ho R O I Redaedll BCL-S5 (292 3z~+3_\1a1_ : - — ) Fl
e A A ey s e s |3 (Yo Lt . .EZ“.’_
eaz_ a1t v fwdles i s i M‘, R
I [Rdavbey w-,mu@; o R N
ol | fewe |50 Peos s Iney fiod ek [2es oo a0 L 3ST T T T
BRI KON B B B0 SR DA TN RACH (P2 r2:270 RANSY I KA I VYN N I
by Uy s fed fses | = szt [Tobe T ek T T T
ng 1 YoMy o s Ny 3 w3 | |29 2.6_ Qo _ o
—_ ) T Opend RS T T N S
PRI P90 §-0 0 R20c) BT G5 I N (AW BYSY TS SO 2 S D I
S Ll s Penime [0 196 het 255 s | 28T | as .
T N N D
A ¢ . o ’- '
(0 : )
: L II-{52 T



t . o | oo rmnmw”w;v w,m;,,; | . )

SOACTEST R 0SS @

CATENAR TR ATV Mt e L

T re, I o BERETTTEEETT
BATZ:. r"',/'zl/')B ! ' TIME: 701 E LY J
-_ ) “m_d: Gl T 2 T o T A e 8 LI L

[ . -  Em e b e et - - —— -

-~ TURPOSE: @ EMEN-Gio Ly %mm_.t_ T ST
' 2 TTERow— TIRCTN ) s SGvi—¢
- o SPELD  Swwriovy ©r— EOWEr T oo
‘ oy "WL/)C—(.(V: qu -5 8“)
©MEATERCOMMTION:
Yy L
WIND SPEED 126! e}
) 1! ‘ ' e 359 % i
ot 'B*‘ROHETR!C‘F ©§ AMBIENT AR ISTARY ;
- DIRECTION su ( PRESSURE g ' ]l TEHPERATURE igo;ﬁ'svmlr&

- .

TEST COGITROLLER _Ben _ Bios)y

C OPERATIONS DIRILTOR 3__WAR Ly - HOTORMAN GA%S  PAVAS

'~ DATA CONTROLL%! MAVT  TAvupMay CROUND CONTROLLER DICK IANSY Qs

IHSTRUMENTAT.JN W% Paivkn . RIAR MONITOR

- T T T T e s R - st o e e = e et e 4 o e

VEH] “,E f ANEIGURATICH:
’ c;m} cm@ \os ¥ \:S

THE FOLLOWING PAGES CONTAIN THE MEVHOD, 'QUICK-LOOK
INDICATORS, TEST DATA AND RECORD NUMBERS FOR
RECCRDED DATA. .

II-53

. ADDITIONAL rERSCNNfL GSnLY \JM___E_IZ_;J)_ Swvs \Clmx. A, T j_-,-_.,.o_{j'm

LS
e &1,

- BeHUN

A . I

P T

—

EERECE YR n £ bt B 1
.



Yure o<6

LT AT AR R R TR TR I A ST A AT M e Tt . iy 1

LEINEL LGy BLALNSG _ | ;
L=anl TTRON o i

Y
A TSR

)

v

C - ~ L CAG i
m e o AL P ITTTRLTLIT TR Y UL IDEETAY STRWATE PR TG ST TRADED YRR SO AL IR TR el D A e s P WHUE L AL

Sy 4 i 0 g A AT e R B A3 e Y rmdummmm*puﬂmamwmmr\
o ¥ H

; 3
i

DLTARCE | RECORD
TG STP (FT) NUMEER

-
ILTHL Thie 10
SPEEY STOR (SECH

e B e e Lr——" = o ——
a0
s

i eh gyl dade atiehlie l—

|
i
|
!
|

H
e 8 gl ;e P - Lo R [ W T

o
i
¢ 2
\N
L
&
. e,
Y
-
&

2\ R .
Tl s [ ms | e |
L wllns 3 24
L6006 |20/ 1b E “06 292 ;
| ' o r.ick-4 ‘I

|

f
T }
U5 D9 1w /s i /5@ | w0
8 - e b e bt v e ]I.__ e 1’
t 5o |79 | 27 /08 0 18Y ' 13 J
| S . i . :
[ - s | 1 R
i ‘ 137 1

3yl 3
EXN L E L'f--g ‘Y 737

%19

IT-54

R L R

. S B A BFml B i i v e Ll mn i B o e n s -

=t gl vt i ANL o Shml A . e . e st o D



LD eI e TR T L e W B S N AL T el P S R A B Y TR NI | AP L

e B e R RIS i
T -1 D &

Clwo i
i

- LcRR - TRAW HelLA_B

= LMW

ROE L

DL | TRETD DISTANCE ]‘ RECORD
| SPEED . STOP (SEC) | TOSTOP (F) | NUMBER
%ﬂ f 2 _ -
| |

e e
M R B O Wi

: i o [

A RSN T SO O v B I
oML 3/ = vso | oagL

Tl e T T e B AMTW T IR S phs ke Gl ) AP TRy At} B aeiyr e )T

1

RS PRSI -t

(AL FUPROITERE P e L M T e e

A
K]

el e g -

AN -

e ———

:
i i
| !
j !
! ‘

3
£ 1
] .
I i
I3 .
k H

i

[}
| |
} [
-\’ "
3

FE SN S SR

-

e B L T Yo epuryun

I%7/18) 1 L

e v e ._-..-..-._+...__._.... O

50 L5/ Wo (ST

3¢

—
e e e e e e e s,

XYt 3y oo 33%00 Yoo U
311 45 St & 1 3793 RLSHD
|655 ’§27 gLy

II-55

AP R o g Y T bt s < s N

e b . AR da¥VE i . gl e o e arin b e P M A



PacCoh ﬁJ:EJE;'7

At I~ Cew -LF’wD)
Tmie T How | = '243~// 0.4 S
SPren & q,o-w(ﬁ s DL ™mPA

& 4 |
TME @ Yt = wd / 20.1
SPeep @ 4=t = L

e N ‘ -

T v TR e SrH— g ——

II-56



oA ACLEPTTRWICE TESTY
TBRAK NG

— P D nE 05& Corv G : 2 A% TTI N v —
LM T A e - Lam
. - WAL [STERRING : TECEL [PELE. | ORSEL |
ATBIRE e :
REL REcT, SPEC D DATH AD%:' i—"‘"‘:-‘- AVE \\nw/r.\'c. QM ACLIPT,
. T P MCRLOMETIR | STEED .
) T? c i T, Y ’51— T‘“ QK" '*f GA L g De) P\E
2 b a I'N 'R, | Me Y et 3 [ - M
’E; % D A £ n?, d ™ (e MpRa TS
SEC] FT SEC £t SE.
EMmERS Sad v B oGy
eI N TR I PR R ST R XY - T I
Y BB | T %A 34U | 29y | TEE -
Casfes | 98V | = lzeeiz3. 479 | 34 3-2W 533
RSB b | = 134) {3y |Se0 | 390 3.40 R
%5 s3]~ R sy (3e . | 3.99
WS [WATNSE T |32 |13 [Seo | 403 ..
R e | — 3wy [a3g |9 | 433 432 -
- - . ' A- . .. . —-] - - = - - - —— —— PG
EMEF GErocly BRG] S
%05 159 W |- Jzus Lol [4od | 29 298 N
WD AT | 7t [ des | T o) ) . R
el el e ser o I 2us_ A x2 ) f &7
o feM [ Yoo - e (33 M [ ey 3 |
az | ° LGN EIEST U N BN Bt ER RS S50 L2 B T W S 012 e
TS S D L AL 18 Rt Bl D Il 5 B N2 SO (. 2% SN DUUTN
- CCIN LI S R 1 e W AL el CRYIR SV CE N IS B 7 20NN A S
—— z . A NSO SRR B
- . - ') -
TII-|57




-

'05‘3

i T

/23

Y

B R it T

rrr ey oL oW - =

£ ——

e

B R L

[P

o
- '
. L
. ©or
: '
SR
' L
| P
' Ly
S
N - 1
[ '
o
. i
4 ¥
[
T
R :
[
. H
: H 1
Yoy __ i
B ,wl —
P
;|
.

N B
L T
R
o
.___
Dol
LI
Py
Cor
[
[

g
B
|
~ S
-]
LLANT
M
\\w
Y TR
.'.

—...-_

29,V
O

L om e

25)

P R i m———

e

M m s

em A -

r
H
b
i .
y
4
’
i
[
P
H
m !
'
f
\
4
,
,ﬁ ;
P
‘A.||.l,
i
] i
i i
e
. '
[ .
T
1oy
bt
o

t

'
” T
o
N .

.
Lo
Yo
i
Tt
. '
P
. i
I

1
i
[ B
R
!

P e

e RAB

co
[
Yoo
'
[
3
o
o
Lot
+
i
3
-
[
'
f
1
]
H
H
T
|
v

TR S et

A

7.

by
1y
o
i

il
.y
ot
L b
I
o
L
ﬁwq
P
E |
Y
Do
!
-
Py
-
Lo
N
-~
N
i
.
||
m”
-
P
o
P
RO -
I
R
_““
byl
1
R |
L
-
P
o
; '
N
_|_.l
)
[

1

|

4+

S

.
-
i '
-1 i*i
Do
[

vk = marr . m e e e

f e ———

C o aane o -

c o

o-r +
SRR SR ——

i
i
b
| S T
pe-
e
' o
oo g
[ ;
i 1 3
f 1 .
SR
oo
o
Py
b i i
i
P |
D
H H
i m i
o
oo
Do
i
e i
N
b
P
o
Jeo b
|y y
| s i
ot
o

e i e b

o e amas

) R

O e L

|
!

R

e e ——— e -

e e ———

- m——

—

————

A e

-
w.
1
[
P
.
-
| I
.
a
!
.
R

SR

R

B ke T

O AU

T

e ———————
s e e e

i

. _..._.i._.__. —————

i
e wrmer e s i

o

e

- e e
'

——

i
”.
Che
“.
-
_"
_._.
"__
“;
.I_I.l.
oy
P
i
i
1
.

B




SMILCOSTRI | O 7 —
| e

WIND SPEEDI
_ -, L TINE: ST
DATC: lérf}‘ )3 ?3’5[ ﬂ 120 DIRECTION l_
_ ; )
PURPOSE. (P Cperic evT oM OR S HNT CRREUT
. AFT s FuD TRvaL. ~ AMBIENT Ali
. DiFF, IT TRIPS /wvel]ie. ~No TPIPS/LM-H'S TEMPERATUR!

BUFWDED BRGNS
S  Twi) /ﬂg_{/_gfw__ o 954_1_9/_57} .<_é’_ 44,;;0 Lbzrs_ (m.w, am\’)
- VEHICLE CO;IFIGURATIO}L CAR 1 JOT @00 ‘8,

 LURRELTT SHUMTT oA T Tk /U'Tlﬁuy
Vo) 10 Fuld TRvek (/052D |
- femevEs pomPrETELy AFIETUITL L

. | OPERATIONS DIRECTOR P22 voTorMan . AHIX.
. DATA CONTROLLER _ /2 &oRord GROUND CONTROLLER
. INSTRUMENTATION REAR MONITOR

ADDITIONAL PERSONNEL (GFwr 5,20“,»,4// Oy <.,:,<-_n.p_5,
/

CO/UCXG' Alrse—
@ IZEDUC;EO I ,v//% Fom /C/_ir'()é/ ('//@ @OW“/“Z'/3

F%;i?fiﬁ‘
@ Peis 4/n smRT VP Sw“”"7 |

—-DISCU/U,VEC FrRom TUPPIN e= -
. QEH?C[/CB oA 1TO2- #Wbﬁm ﬂw/{ SV/)PL-y 7>
LITE BULBS
@ Ovm“&;—u; /_/7-5 oN W ITOV T "f?—fp—ﬁww)
LOG’_SJ_ (IR0,
H’N’E. 0 AX T2 o P, LFSJE{ aF_‘ Pﬁap,
oM THE FLY

L cae SHLL GOT- 0 VAR URREUT LIGHT DYRINVG oy 023

N

II1-59 r



T e ,
\:‘j, .._’;':U % ;{'_'3- N L\
Y ( uDIA:L- 7ol ¢ A {
R4 ZALL
et e SR AT s A FLDE H] AT e
o /2.5 A // Ko | AF o LN ARE i
N 5 prd S htE 2 ArPS
/! EE M b7 o O AMFS
n T )R A5 D AATRS
e J¢.0 TR S OO AMTS
" 'S G SR F¥ o AMTS
o bom (st TR )
Lt A 2
T > S I 2 G OO AAyFS
25,0 T S0 70
_ 77.5 DA sso
7.0 va 58 "
395 BeAs Fo0o

¢/ y25

II-60 i

P w0 A

/)r:_‘ 7
RAE, BT S
EALS P DR N

GED  AS P

&83 7/
sry
Sy e /
e !
’- ‘ ’
S 67 ’
/O B0 AN\

PG LA 2
O’/’D '()
65— 7'
o055

| 2"5’6” 2/
36 7



X ANIILY LIS T TR LT wgr ¥ PO (A RS RN TY, WA 3 P T SO “1

- BLEVOED 22 D f
BRI IA ~ | |
| RO oo o Bow 073 |
INTAL | TIMETO PILTANCE RECORD 3
SPEED STOP (SEC) | YO ST (FTI | HWBER |
i . | DECELS {
¥M0 A0PR0X, }
N
20 |

—

P90 | [He S - 457_-‘/\3‘2 I4S

B I N A=A oA e -.i
.;"‘ 43 % /3“’% 40/7 =-3,2 1 //3/7
- 60 o
B0 l _
- Ry i
VAR IR N e
wlpg | 22,3 | 6o
29800 g

N wﬂ//SowM ESE
109'— cw = [IS3 — /9.2 SEC (2 weTtwes)

- ) , | IT-61

- L e e e S me R o meRem N

ki Bl g am A mieie - - e o e e -

e

P T Sy 4.



D |

; BZG—?UL?@
1 RRIENG |
=7 o 273 |
IHITAL THETO  |° DreTance f RECOED
SPEED STOP (SEC) | 70 SWP (F7) | NURER
. L —,WWW T | ..
WD AvPeox, | ;
20 '
2 | ,_
w40 |- IS, 6 1428 3.2¥ /2]
wido | (4. O 428 @25 | 207
.60 | '
0
8 (325 s‘
80|50 25.7 R }S'/Q i 1202
9|09 | 285 108328 50 |

II-62

B T PLUAE Ap -.Ln-—.n—.—-.. e s iognp b
]

- e e i ke g . N o e e e

. T

PR S PR

5
N i R S s e S g e - L e e - . el

A



Lo IR ?? : - , WIND SPEED|
. o) N —_—
e i . i ' . I .r:a IRERY; l 1
DATE: 419113 _eon| TINE: PTESST 4a4i DIRECTION |
mmsa @jffﬁf-mmus- OFOOt & O*£¢*?‘| | B ’
_ () Dwemic Oracive WLy  AMBIENT AIR
(dovry (yoLe — TEMPERATURE
. VEAICLE CONFIGURATION: AR 1 @ oIS
| it
(vRReET S T~ KEPNFLT
TEST CONTROLLER /% @052’/ B
. OPERATIONS DIRECTOR B Ogsu voTorman  J- /X

- " DATA CONTROLLER

8 LrRop

INSTRUMENTATION

ADDITIONAL PERSONNEL

GROUND CONTROLLER
REAR MONITOR

L Nerser  deceleRATOvS
P T DIR,  TIME TO | M- SPEFD | RECORD | 8L peonotrh
o | P
- - DOO&'A 4@1:# Mo, Ry DATA .
| ' o et -.‘7’ . 220»&::&/ 89 &Y/t
. - f 560, ‘ pu I
- hFivo tw /{89:? " Q‘?_‘mph / _6' il 71?.2;;2':.
R I A i
: . /9.9 « P “?OO """" — —
Fup-ci/ (91 IV onry 205 /z. 75 AVpt
el |16, T o
B 2 A S I e S
. - ] T1-63 B




Sodc BEDevsiry (o (
TEST BUA) O74-
ACCELERITION

#2)

(4/9/73)

D).

» | D12~

ECT-
JoA

(o )

INITIAL
RATE

TME
@
TVITIRL

EES

N
mh/sse,

AWD-Cw/

2:80

ﬂ.¢7‘

257

(§5)

VOLTS

CEBIL
ACCEL

oS

4
VéTS

BRSE
SPELD

%=

B4

e
D00€t

SEC
WATER |

19.0
/6,9

TIME 1o
WO Lt
os5altL.

(sec)

19. 2

SPEED
e
n-ph

4% 2

m_—-“ —_—

@Z =L

2,00

2676

628

195

42.2

604

Fuocw/

A/RY

275

ARY

§70.

/%2

46.0

38

02

EEV-ccw

Ze 00

278

628

6lS

19§

46,6

603

| Ale.

746

E@’

1S4

Je O SE
A/

JERK-
CHTE

(mPhkec)

2,3
S
2.2

Z.4 |

II-64




SonamiC. BRKING WLy

Fwd - o/

T SR TN e T

Lr”’\-’l‘w TR WA I BTV T Ll s e oY

AT P

B T

WS PR T T A N AT O A AR n—-m- LA L

H@a{& f’f

w/“_

;mn-l—?

RECORD ’

INITAL THHE T0 DTG
SPEED STOP (SEC) | TG STP (FT) NURER )
|RETE. |
O B
20
2 B
40 9O “‘/ gb 7# 454* S, O 228
wig0 | IS8 4B 3.0 | z24/
. i
- b0 B 1
I ]
| T !
80 )8 | 2?.- 7 1794 3.0 | ng%
wog| 205 3430 a3 |

3
29235

© T /)36

II-65




D ) &~
_REV-

{Mmmm P ST LA LT AT GG A
r

e oy e

Besriwe ovty
ron

. - . ¥

| v oI i

TRV . B=UKIELL Y1 DO iy £ el WL S 1 o i exr il
. AR . - T

EETH AV " A R UL

EZN N

H-D caR |

WOPSRS M T NP

DINTARCE

Wy

INITAL TIHE TO RECORD
SPEED STOP (SEQ) T0 STP (FT) KUMBER
_ e |
TAD :
20
20

3./ -

1EX

S e A Tba

b e s e 2

158513,/ +

3./

o

.11-66

[—— -

e e b dre P e ol A - mem

[P USSR

P I G TR S B I

- A PA meR . ek e

.
S Swe, L e



CAR #E

H1-DEA,

TV TTAH
SHFD

ACCEOTANNE TELTS
RONS 2 093 &0

STORPAW 6
o

TME
Grey !

€D

DEAD

t’mf

DjeT POz

R

b

DECEL,
RATE

ArCELTR ~

CMIET D

SEAEL

RATE.
LY+

O SoCo-S

~E kst

e
1Hes
435
140
(145

BLEAMD

2723 |
273
/3.8

/660
1620
407

/4 2

457

Léy
Y,

/4.3 1457 1.7

D

% |24

2/
b
2o 3

-._1#

3.0
3./
22
1.2
%3./

BiRA

3“21!
3,006
=220
3228
2,30

VG WD - C/

N A'! |

Y2
222

l2i

BLEMDED BRAKIM G2 REV -

230 4
25,7
14:0
/3. &

/ SOD
Y’

{
'

A
2]
2.2

l-? 29122
?7
429 ;.8
<28 .8

2.2
2
3.3

228
28
23

e d

ry

COW/ -
N- 4.

213

218

X ¥

77 |78
78 177
40 |40
40 {40

DYN/
275
2?77)
/S-E
Y,

/734

1EF

|

i

/)22 | <8

I

'Q
484 !.8

B e
1.7
2.2
L.O

75

2,75
2.95

- 3.90
3.00

I

MIC | BRALINIE AL

/2 FWO - Cus

¥
19
/.9

p3%

DY §

[26: )

2.6

IS0
/4.6

47} ) (-

1897
/5858
430

!
i

449 1.3

'9 %"
.8 .

EQ&;K,M/@

e REV - CCL{/
2o |
2.1

7
1.8

é

|

IT

-67




SERVICE Duty Cycir

CHR Mo, =2 Fféfcgw
. BLENDED —HIGH DEMSITY = B /o,
Fw~ Cw DIREC TION GHEEL TIREAD
e FERPERATIIICE : CMeLe “TEMPERATUR €
- Il et e Wi L <A |
v |2880 | 3z RSUSmeT. 240 . Llzgz
N = + L~ '
3 3 1~
4 _ WL MO
S (0 0¢ p s LMoV
o L . L
L 7 \-""/ q L/ _
8 250°@=D) 4200 8 L1109
L
T ) J L]
| 1o L- 4:1%);’6‘) o L~ 7o
'— i e
AL W L Y, S
it W |33 L L//J@Wéjp‘
v - ’7/0:)~ o 13 Lo i 2c0°
el | 370 (TED o
Sy | s L fRF
’ W w T N R
o 3% O LA eul S/S 7
H - ZOOOE'RASJ"B. LYs - L D e
J 19 1 ‘06 L |
| 1320 & AT Lo 4
i 1 Vv Pa Lo L ] |
Lo o I s ML DA
12 e3 e Yo L= SL p/_{l-l{)/:;'q
13 7 ) Ig’i b 13 AT <Al
y 24 1/3,‘3&:55’ 204 1S _ 439 ARE 3 4 _,250//,7'05 300
D LS 5 333002400 ! |
. /) §27906 SLAPS +3ccoo
_ __3_3:3_2%_-, +—= 32200FT,
e Gl mies 1797 -
: 2.12
2600 515
g./2 qo2$ , 55
& 517 !
-7 / . LT
= '40 LES
S e -° i’?@ M:-‘VT‘E,S
it 4247200 1-68 lU_ :-32 Z l,’
i B = R2,2m
\./=-36.4mg\1 \/ _____P_



L p WEATHER LONITIDN.

| i oY \ .  WIND SPEED
. r- TIME. .STE«RT Pty e
) PATE: 14//0/73 /‘Sﬁ [S7/9 prrection | |
~ PURPQSE: (D TROUBLE. SHoOT™ PRoPULS/ow JRIPS
2 Fivo 840 SPEEDO-C4LD (22 meh LR ) S/S ~ AMBIENT AIR
DYy LuipenT SBOMT on fz110 TRUCK | TEMPERATURE

m

VEHLCLE COMFIGURATION: CAR 1) AR 2 /OSTEOSS . z,
- T lowie (4RO SwhAPPIVG TD LOCRTE. - PROP. TRIFS % Zenp
I S LvRCHVC i
— PoT CURREMT Syomon D T2 8 /247

| decers 7O 220+t
B LN 0E0 BR4KILG . (O SPEEOOMEIER (1.

- TEST CONTROLLER E.. 7_@@2;0/\1

o ~ OPERATIONS DIRECTOR DR. Okspt  wotorman C.Brown
" DATA CONTROLLER _2{f@owpr  GROUND CONTROLLER

T ' INSTRUMENTATION : REAR MONITOR

- ADDITIONAL PERSONNEL I HrL,

Run Morese |
(D Peprpers 3% womy #¥2 A-D (R I3 4 JmoLdr 20
Top SPEEPp~Cin Ho winly ORICIANLIRRTT whS M
B L-0) eAR (OML»;' 19 IS Swalp<D A/O,@ NE@Q O B500R 1
L BRI NPLIge s FEED CikeviT v BOoTH (anrs s gm roo
SrRonG ABove  Napse (/:'38 | : B

Gg) Rav v *ﬁf:hnaﬁgijapvar: ZZbT“Eyk‘ & 20 mp
BAD (BRD wes (D 7C 1) Sigevp Capo: e =1
POVOT GaT THPS—(8ed T34 15 prea. 88, (1249)

@ PepiacE erowir Noo L wt (ggne: 325330335
R e S S-S m'qﬁ 25,0539{'3‘33

OTHER. CAR. BACK—N, -

‘o I1-69




" Pun Merese

G) SuowT ov Fewo Teuck = Mobs. Feom @
. gsove € 2703 2 No S5 LoreHwe @ Zpph F,
aro 46 cvas 50, (Hd46) Np TRIRS sas
TRANS) TP [ - k
Fwd TRUCK_ |
moe I L oR Lé/\s RE ¢
' : y.iy- .

SMOA - CHUAT

o be o eag WS 622 Fwp e e
0 I -_
DR Lo 3RS (63 AWD

——

S Pﬁssoc;mme_ | (’,ﬁ'f—/ééﬁvw e

"~ Voo Jam: Tire e pee.
g0 doco’ 325 996 =)
00 poifs TR R BOmph on (BU Low.
§0  ze0' 2725 S0.O 2)g
\ 35~ zw0’ 3855 354 0 223

SR Yo FIX (R J3Fe IITD
$ALSD  Cher/l- HmeTvIE Yurs FEEO Bicie > FaD,
e . “
 FAwanest  FEmoice wins G dem. Vours comwero
WRONG — [OMITPE_ 1S  RESDING THE Crnel JIED
VOLIJGE. OF & DIDOE (wolinl PPN w1 wés
I1-70



TSCAC SPEEDOMETER | o

CALIBRATION -
LOW-DENSITY CAR

3

+DATA VSEC FoR

OSOULOGRIPA

CALIB, ALSO.

TP

CVSES HD caRc - LT

NOTES,

P L

e Miwaarfl ANIDOS
.

Fom—ebie e el

T TRUE SPEED ~MPH |

P

i~ QITAS DI LWDIANT QD

71

Ix

Ev

SHE



{ C MOTT BVEN  SONVECTTD, [ DIODES dooep TO Aiv L

. pe T revci ARmotore. Doppswrs ) TS IS

| THE SymE Js ow B2 M- D i gprso £ WE

‘ Pinv THE Fuie. DUy (-'701_@'-.‘ W LA LOED
DIOPES. (Boon DESIA PRSI Me,us OR TWHE

TWp DIVDES a0 Ar}sz,mf‘a ST+t FUNCJI0 wu’H
CMNE BLowp =~ ~ TO BE. DEFRINAED s “D Chd
21 toons ok

Bock gn tiv= € S 3§
— Sge. FiX on (ko ASY  w2L4cED
TR SISTOR. C@fm/;@; o 7 é&'ﬁ\/ﬂ_r) -
— Fov fonee 7O o ﬂ/ﬂ@f:s
— fem. N FEsopicr INSEHLED
=MD TRIFS
» _MoniR, SN o FwD TRVCK—
2 DI, 350mv-20Y B
it 200 Tr " 2> 4 |
s 2bole 3%, 0278  twor on,

FOrELERI IO RUALS

D/R t'gaa ! | \{;ggg QE?, Mo, ‘.JMEL-, s
fwp, /%0 ﬂfmplq 3:45 275
Rev, 172 99w B3SO <2,50 %

/9.3 |
1968 /- ~
/%7 .WO ﬂM—y_ I 6\6 | 2, S0

11-72



4 ::U/GL ww beNSJI
@ ACCELERSTION DETA
- (3) DIESELS on/- tiVE
_ - S.+Ww. + DoT-cof |
N DIR~ | nmsL|TIE@ | Vst |\Vorrs \vers |Te  |ime |SPEgD \eers
REC. \ECT-\ATE 4 b |Gy nife 2006 |90t |760e | oS
j\/a- JON C‘%}SEG) @5@ (s,'sr:c) HOCEL {SPEED [SE?.‘:) Sec) Cmph)
_owgmy A |~ "
39S | AvD | 215 |8 R8O |40 [k0O ;g-g 9.0 | 474 {600
19,
Casp eV |25 |vb (2066 | 650 (600 | 197 | 20, |45 | 505
— ’ IQ:?
?js Fwd { Z75 | 6 1278 | b45 |bos | a2 ]| 9. 46 |0
\a.3
356 | Rev {2506 |2.6b | 650 o | 85| 97 lus3 | @S
- : 1.7
w2V | Fwp | 270 [~ 267 |5 oo | — | — - —
fzz | Rey |as5s|~6 |26 lbds | — | — | — | — | —
MAPE o©ke LAP v PEY (Fw) AT 3%7 /W’/zJ
437 REV | 265 | ~5 | 2.6, | 450 | 600 | 944 | 19.5] 453 | oo
. 19,4
3| RV 26 |ws 213 |bSo |00 |94 |5 | 447 | woo
: /192
—D i
- |AVe [Fwo \BEV |T0TAL
_ POTES A G-
L+ 2
%‘3/8['. 2 1 |262 1268 11-13




TEST Lun 076

JetELERATION  DATA

JEPK FATES  (mbwisee)

gec b, AeAK SLOPE : }.jAd/ct(.,,m)
- .5 5% .o sec.

345 EVa 2./
350 g &
353 3./ 2.0
356 - /.8
421 3] 2.0
H2z 2.5 2.0
LT 2.6 /.8
443 9.,Q 2.0

IT-74



WT—IME @2’ lost Furo Te [RucK_ CI/WM—’%"—T Thoot- ceokies 3#7‘#& Pﬂpﬂm:aa

TRLEVOED J:SJ&)/(//Vé E] =D ]
fwp=gens SN0 poy oy
i S ——— -
INITAL TIME TO DISTACE RECORD
SPEED STGP (SEC) | 10 SEP (FT) HUNBER
' | RATE |
WO
20 i
20 o {.-
©014) ()] 443 ~3./1 458
; .
Wio,5 19,7 ol |~39, aoaq_
Bl4o | 193|453 |32] 475~
40 B 5 —
2\H | 1l 440 3w 483
. - |
80
33800 .
Ec': Q. MOnE .&ﬁ-
§2) F%O GecCec '4-2 757
L4z REY . perEr  ~250
437 fey /9;77/7:4«4-3-90&’ :
443 v [94faz 900

m-—m

II-75




» LR £ = T ALLLFIANCE. 1B
' Bin orer | 10FL8B.
: JT STOPPIN oy |DE
kREC- rNPEaﬁffi,_ /Dgejﬂ ’@, AE ‘E";‘é ?’eg% Eriea RATE
DR [TNDJTRIEWTTE DS | (oo bkt (B | VAT |32 78,
PARICORICTHRICES (odee) E'Fl%a;) ok sac)
- T I BLFIDED BRrBEIMNG

FORWWRD| DIRECTIOM
04 (40.5 |+ V4.9 |46/ |7 |2eb (0§ (220 | _
_ | . | T | B./9
£58 9 |\4d /4] (443 -7 (3.0 |3.20 2.3

2EYERSE | Diragc 774
qis | 40 |405 |03 453 |.7 5.0 |3.25 |33a
) o | - 3O
452 |4 |44 146 |446 |7 15.§5 [SeI P33
o~
)
~J - .

11{ 76



: o R ¢ el N sy s
3

— . SOACTESTRW | O

"WIND SPEED

0 ' STAR 19 . | in
. DATE: |4[///23' i TIHE: fﬁ_/a O pirection

m E,wmorso BRIKINMNG
; CHsrk euT IR COMAPECTT OAS . AMBIENT AIR
TEMPERATURE

A e ot i = e = e v e s o et SN S S [T

Wguaﬂmm wn2 oSpo0es

- - Kevonrep. [7JoivR (Ot O Fvo [Rves_

SAME AR0S A4S LasT RECCRD oF R O76
(4 0s T3¢ fo = From ﬁaéﬂ D R

_ operaTIONs DIRECTOR 0 OREM  potorman - HIX
- DATA CONTROLLER _/243 Zorypar
- INSTRUMENTAT [ON

GROUND CONTROLLER
REAR MONITOR

ADDITIONAL PERSONNEL

[,

— Neres ¢

@ DO o0/ A/a"‘ o LM/E (mx PeRPosE) WEST i

Sovil VESFLS FAC Yy -vég‘o voers
- OpEEnay 1S o/,

’ @ GCIT™ Som & wRAEMT SPIKES DURI MG TP,@-MS/WGA/ ‘
M SPEED L1 T Arle ~ RECORDS GVH1EGBLE

11-77



VT RLEN0ED BT E] L0 cpe |
Fwvo g PeV __ ruw 022
b INITEL TINE 70 Di:?AFi'E‘.E _ RECCRD ih’R»
SPEED STOP (SEC) | TG STOP (FD) NNDER T
| \eare é
) VD | :
— 20 o
1 20 |
- 40 ~
TP e \20 | 20,3 Wols 13,3 946 . Le=y
150/ { B0 o~ 4, |
Jol |80 ECrN T op |-3,3 ) G40 k=N
TR B
o § 6|8 | 27,0 St yiws| 928 @ |FAeo
L7 ! | ~
/M i 60 ILQO 2643 i/(agé ~30 | 930 JFWO
Tp"‘ II-;73 .



< CARTI FUO Aé%c,‘}cpg%uég_ TESTS JospooLa,

STDO =CEL 1D
Tugier | SEEONC 92 1S [05E BE| 2are
TRIE TR TETT | ety |kt 555 Vbt | 2l e
[opw | Gy |(sea fCee) | bohee) |CPhac) | CPM ey
L BLEPMIDED BRPEINMG t
FORWWRS Dl DIRECTVOM
swos|a V4.9 |4/ |7 |26 |zoyinzo | .
g -\l (14 (443 -7 3.0 |3.20 230
| _PEVERSE | Dyese TI0M
40: 05 /4.3 | 453 '7_ 5.0 525 53|
4) |44 146|446 |7 lns 3.3 =33
TESTT oWl @Y |
- it DIREE 0k,

o2 75 55 63| g0 |30 a2 |
oz 18 |aw.¢ 1220 |/698 - 35 R= '
e REVT:”]ZSE D/Q:’_"Tmfu :

SN VPr B 7o I EX N EES) =t B
w7 ' ; o ) ' S 2
leo lgs .3 14| |29 |z.20 |
] B N 78 R B 2
. | %va | Jave
% ) .-:_;..—-—* - | :;-a‘/
! B " - “"‘l\/S"'Ce
| [I-79 - L | e




SﬂAL_IESLRUﬂ I O’/@Z—

|

: 'jDATE l 4/,/93 - TINE:

EUBEOSL j thertouT 2~(IR z’w&sr

(2 heegEE ATIoM
BLElL0eD BRIKIAG
DY~ gric- 45;?0%1 p e g:wx_y

o o e ————— ks A

VEHICLE CONTIGURATIOIL AR 1 CAR 2

WIND SPEED

DTn iT l _ ¥ etmmar
/0'46 “ 4| ¥ DIRECTION |__
. AMBIENT Al
TEMPERATUR

JQS'GCOLJS_-

b4 (4R SomE 4 BUM OJ7)

#D. CAR AlovoyT vP O %L HRDS BU?‘s&mr |
peem 66 1AST 22 MR Ry W, @74

o VHRIMS TEST CONTROLLER /5:
e

c"“/f/

OPERATIONS DIRECTOR P, O2=4/

DATA CONTROLLER _/2.53.20/¢74s
INSTRUMENTAT ION |

MOTORMAN J—: /7/7 X

GROUND CONTROLLER 7o/ £3T

REAR MONITOR

ADDITIONAL PERSONNEL /Dwi\/l%' DLMMA—[—’ G. Rornw

G. Dews W, (0BR + Fleus.vos

2‘ Q'SBU-.}H

- Nopesy

D) 1046 DRVE FRom Nb. _L NG HIRLYES:

06 STRT 4G,
Gluph E1 = GZmpL 12

Qe B (omsp, ImE 1030

llex fwo & 20.0/20.0
(2% ' 20, 3/20,%/
[1Z) «w /f,;}ﬁy,g'

edorg
IS wply

/
908

wlpus
P‘? “—'*(.’/ ’0

PRELOARD)

— LESS THM QOO (e )s fRioe 7o Joé‘* -

@ 1203 SW/JZ'IJ" Com7ROL- 70 12 H-D CHR_ |
T ottn STILL ia #/ ppg > BIENDGAL: berse 3

oyApm, own ‘-\7

CowreoL Béelc su ) -0 e /:0tm

II-80



L-D RuD

BT Pl T il P L RSS9 O S (R """' ‘

 BEED BN T S e

7
i
!

_EWD DR /Do pon g0B |

ST VI IS W S IS S TR
2

TeACES OCu

INITAL TIHE To  DISTAKCE RECORD
SPEZD STOP (SEQ) | Y0 STP (FD) NUHMBER
e RETE
oo,

20 B

20 I

ol | As l4silao] Jo5 ]

35 a4z -

T /42-0 N

56 - |
- 60 L B
0 |80 27,0 /659 uygg,ca' 148
| ®lgo| 27,/ et |20] y4)

IT-81



[&leoeD Bigewe ST wts |
#2 4D Fwvp Db, (iniceed)  Bow 078 _,11

IHITAL TIHE T0 DIITANIE RECORD }
SPEED STOP (SEC) T0 STP (FT) NUMBER g
=D . LETE
20 |
N 1
70 |

49 40 */[/’3 4/7 ~3,3 /ZL’/@
wldo | /2 (423 p3es] 1293

- 60

w L1
L w79 26,35 11887 530 1236
8l | 26,5 1597 R3] 099

- I’!"E . '
pE & AL 00" MEE PREY D D57
L/ - e —— ———-'"",
|26 R0 £2 D3z w255  yES 4909
| - II-82 |

P am.

[ A AP A

-t Ml A ol s P sl S s b .



mm TEDX N

AP ETRRON I T T :mmﬂmm‘-q. *

y/u&m 1 bRFNG oLy 4 P2 Sopg |
i
£2_H-0 Fwd o Ea._.,C,\,Wl w048 4

§ CBT AR EL K RSSO RO T AT MR, T T

IRITAL THETO | DISTERGE RECGI)
SPEED STOP {SEC) | 10 SIP (FD) DED
D . _|ATE ﬁ
11’0. | i
20 1 .
20 L | |
W90 1= /5.0  [447|=3/5| JO& |
w\90| /S [453|-RIST /OFpm |
. 60 uy
50 B !
0 . '-\.‘J ! —d
w177 2&-‘ 3—« |/ %/S'; /OO ¢m ]
| 8 {79 -ZOvé /o956 3& ST o i

cowTROL 1O 2 LD /3 B /O pm

Ir-83



ot -

Dynvomi Reslcire o/l/-z_"y )

o BRSO 2T TS

i BT o O

TP R

i

FE LG n:.w'g-,-! :

LeL o Fwn (re) oy 092
- ?.
INITAL TINE 70 DISTANCE RECORD
SPEED L.y |  STOP (SEC) | TO STP (FT) NUMBER |
R LMIE. | o
Iwp | 3
20
]
20 .
0| 4] 1-/5, 3 {463\~ (33
0lgo | J4 4+ 460 |-285] 158
60 o
- 60| |
w\&0 | 28,2 | [980 |295] JQ9—
w925 28,4 (1706 |95 ||§
e — ,

" II-84

A s e oo Gee e

PR,




SOACTEST ®s f OO |

WIND speeni

' | [ ,'E: foAR__ JIU-A.-
DATE: 4//&,’93 T /PSS LS/ pipection I_

_ m O CHECK. VT ENES OM Oﬁ{’ BMK_ 3 C‘dﬁPPErQ
- Dyrame St o e
| Oury (ch’zfss Bwuo/%/cn J

o . AR 2 /0"?555@ -
(O pur &u.c_:,t) <PARE ORMWEES Jis CUDPPER_
3 AT SES FREmM &2 0* D) ﬂQ-{L wTo LD s, ggwg ;;)
@"Wﬁfo s WP ésome: GJTE PéﬂTS.

TEST CONTROLLER _/~. JRamPSort

o OPERATIONS DIRECTOR _K OEEU wotorman - L8Rows
Py DATA CONTROLLER (2-DAVIS GROUND CONTROLLER
(7 | INSTRUMENTATION ' REAR MONITOR

© ADDITIONAL PERSONNEL Foeus, 728 rown

| NO]‘ES‘: : ' N |
| @ RAD0 TRBNSMIfg-a’Zast;‘E }‘9 S)GAH
 Possse AT o O e,

L B Mo DS oR Jrossins SPKES:
- D.R. oriy 7EST £ 92377

@0/1/ Cyc iz T v (Rref. crey L//f PeoR o2 O
wotr o edTE beosen? R ow By PESS
L Swirth (isecssE mefvs PloPirLsion 7 ﬂ//)) Y E
: - Jo Yoo 00»/\/ CyesaD POOR (IRAU T
O v BRESKERS s JAppLEm WENT hedy PV TIED
S OYOUKE W TIH LTTLE € MO e TIMme
T TO CYTH-vP. Dijp tooks PE. GoT onvE

L TIA TP a SE RsL é,o-P CO1E bAC'L
- AV ALY A =y TT-R5




1Z

M AN TG S TR B I L

.,.mm.'.i. .
N7 )C o&duzwg .«.7/1/4.7 e, ol
l

. _(_ .

| Ao 5 f=y Dipremsy )
lem CTHETO | DICTANCE RECORD ED!Q.
SPEED ST0P {SEC) 16 SI2 {FT) NUFBER T
' _ege— ]
. BN . ‘
1044 | /ST |F0b|~3,) | 309 - LReY
4] | /5.4 |450~3,1 | 304 KX
w|d-/ %/QJ.S . 474&;_:,* 24 §Fw0
w4/ | /5B 1 sz Reo
Dse1)9 | 284 | 1p79)~3,/ | 258 [V
20| 28.0 1700|38,/ | 253 |rev
0| 80| 28.7 |57 PE] 239 |fuo |
w80 | 28,7 |14 83/ (fwp

- 280

Lo

2"/0 feese v R,

W

1 Fa/o

. % /&deﬁ'aﬁwmﬁ’\ﬂi
1S (MADEBRE T 11

JAER M TT I T™

PROBLF ,

BRI~ FLwd DITHA?

— ST FInviL THRVLITED
04T FOR- ITES.:

I1-86

R |

s e
et e e ol < B et bty S s, A i 4 &



'kEsr Runt 0&.‘?0 ___-E;‘_ﬂ\/émjd ovLyY .C’AQ. Mo L LD

-_ TNTIL) STOPPI/ G | DED [JERKE |DECEL | DE AL < T
( =EC SO Doty TME | RSTE | RITE | R ‘fy.:;a
- g, 2| Timg | DIST. s12-| &/ s
ot e E sec m%scz et %I E -
"Pl‘ Mk | SEC £t ‘ mibfs e [

-

|FORWARD — | GO ow TRA K
© 23] |eopsz8s (1974 |7 T|2§ |ne. 90 LS Ave,
z59 |eopsd28.9 11757 |.© |2/ | M6 |293 |0 =296
B ) S S R L) 7=
U A4S D49 | -8 2.3 (M6 1203 | 8

247 |4/ |63 |94 | .2 22 |(Mme.|297 /7

o I PEVERYE ~| owlow Tidck
33 leowslzeo o l.e |22 |Bos|ecol L
258 o bgalze s (1697 |6 2.3 |ze0|200 |23 "Phec

—

304 g/ we|1s4 1457 |7 |25 |oslzor LB
piYS. L el |9 (2.8 |05 (R0 =

1 8.
k }3 L
| S

e —

E00RD “ e AL S
Per 3 N e > 253 ,_’7"’5_2’37? Y

17

it e | B2A [!l' 4 o '

g | AT SPERD R [ e B
o o Y L
/ 2.3 7 . 2SS |ASO A4S L DT
2 io%:r o A DR I S o

S | | I I R IR R

. ) gfgo gZ 1 __' B

] g ; %go 5\5 e T ST

‘;ZD_ 5;355 1) RN h. R DT

- EZE% ' ' 70 . . .. .
= -1 O . . . -k

IT-87

AN
i
|
.

oO~A




DOHC LD A
- SERVICE  Tuty  CYCLE
poal 7/ /13 P
Buvnen foD ~ CCw BrREchoy  TRICTEM _ﬂmy
. . g | uucu. m:. AD
CMoLe TEMPERATURE CMeLE TeEM Pt QF-'R)\Q £
; VmE | STATIeN
y IR 1 R2] WLERINED
A ol + -
.3 3 L~
4 LS /8 N | -
- ,._g_ﬂ adl | ] S V % ‘/‘]-ZH,.J'
leap | B T JeapP g L~ /30
) A e 2945 ] L | A
- to L~ | ‘i; 63 | o Lo | AMODLOR sy
: . QPSI ’ 4 —_ - b -
I L V I (NP I l“,.) i L _S’S ST qr;_:”)S(_:
i k”_""‘ ' %gdl v AT
3 wd 3 |
w7 %ﬁf . ?“’95\{ -1
. 5 ¥ e s b1
2ias| w L TS = A
o N1 3243 e N T e
18 : 1 W Lo 5SS >£&EC ST
q T LesT 030 P i =
QoA TiIMY T B caim ey SIS
10 L/'* Tz ™ J e L~ L
| 3852 3 > 2 NS
u A s O Y T
Stapy - 23 P 13 & 6ECsT
_l 24 b | W 14 A ofalitun
SeoPs S8 LYoo | 36 sace
ey 300 v sz00 Srog 2000 FT
> 57 21405 STAL 39
' 3w t* )27 0 3/9
Time, 47”’“’!‘ - T
9 min, STOP /9 1c0 320 /2 30"
. gl R340 | prm
9:!?_ — . "’é
301%’. V"' 36;?1’}1(—’\ gaf?_; TT‘\C" S_O in,
5% 15 242ma, /sy0P
| {585TnToisr r1-88 5,500 32.9meh




e £ 4
TEST

brELE Rpriev =

L0 2R

oy @30

- TASTRY M ngm/ T
PALIN 6 KBTES

~ | k-6l N
opgee | mooe | e | soce | ae | BlllE
- 1 T | s | SHen | Cawmdee
”3 239 |8ks [Fwd |=2.75 | =293 —
Y o pwer | Rev | 295 | 2067 —
:{é . B
N BRY= | REV | -S.o5 | -3,00 —
| MCCEL, | FvO | 280 | 2.98 —
R Il IR AxERﬂév £S5 FiicricAd § i
BRokE | FWO |=2,30 '=z.22 | &
. L J/ C-zso | =247 | 2y
‘ -2.)5 =273 | #z4
! v . ] I ALL oMM
v ) 8 =~ ' 9 LEV. Thie , TRE

- NoTE:z BASED ow

MAX

VALIDATED A3 e

BBOVE. LATH 7HE
Bec ELEROMETER. WPENRS TD L

£ Somes 2678 )< ok,

. REcoRDED BMKE TEMPS: 320° TRERD
Rietov cyere 224, |
~ (¢R meETS ANKE SPEc, UTEZL DIST ou/
/‘7/(/{}2. ST2F

© IB0° Rir

II-89

W ERRPIR FoR FuD-RRAXE S |
i REN~AccEl onv (MR Moo [, Daré
SPEELOMETER. TRICE,
T84S /S o 0 [ERMITIONT™ PrRoplem




SECTION 2. RIDE QUALITY TESTS

II-90



"vj |

SOAC TEST RUN [_on ]

STRIET TP

DATE “/bo[?a« | 77ﬁ/E Ji00pm | 4150 po

Motogpyan -
COVFIGURATION | Chew |
ChRE | (CAEZ% r05 #tb . ' l

REASON

CG-UTlNL-LEb ‘_‘\Dth @L‘,ghn-\{ ‘ili,\\jg.kgg ‘D-A‘\’q . J .
METHOD :

(@ Gperde Cor avoend leoy o ST coeed
: SO MeH .
‘ ib 1. Q-E,"S-E't -x;..m.P\cx.)(.
) ReneoX So mprn Puws - -
@y OShen sodefied  wtth Setlings (2 or ™ vuns D ,
fuke cde dolo ok ot s?.;,;&_; 2535 8o

S¥ Wousz Data  Leterise oF  fomPW

Ghechom ekt fxpenian bt oF bee 33193

DATA | |
T # BPEED LMy TELT CANCELLE D

II-91



b - . [ WA '?.EEJ'J:‘L{IH-".'—‘-:MLMET&;VE. ﬂ:ﬂ.’-f.'ﬂr"l‘--"'!ﬂ I
1 . i : .
p‘\ N w i 1= 7 , : : -

\t , \1 \ . . . [
me\ml" ‘l"‘ﬁhﬂhmn L oL - Baph X \' . . N
A AW LRE twg— t.an.qwuq—rl

oy p AR e . SWT}\‘LI S ViR
AT i's/n/-;_, T 1100 12030

-ﬂn..r-m.ntmum o

A ST, W T

.

mmmﬂ-'-ﬁ
-1
4 C
e — e —— -

e~ e . PV e b | Aot 1 T - s e e e m me e e e —on

-p'llpt'-)gsj;‘_;— 7 - CAR TTIAND —L.“‘;'—S - Z;.
_ . e UMD MSMS  TEmT A ovThie Tl i
PACT Y= DT Fore G5 '

a

. e ‘
U S ’
e T :
WLATHER COii ittt - i
winp 5pees | i perereey T o
L T i T o - S & e ¥ W T U * ‘_ A
g BARCATTRIC ? po o AMBYENT AR ; f t
g Do ' Cn TEHEEDRATURE  fsmymesesea) ‘

. PRESSURE | § TEMPERATURE R i

DIRECTION | SRS e FvEE :
TR A i‘ .
Tt g o s T 4w .
(ﬁf«; : Loco cAf k
Lo s . st ) |
TEST CONTAOLLER B BRISH. Uu;.;uu Paie) _
«f
- . . . - A
SERATIONS DIRETORI. WRThag ... SUTORAAH GV T 5 b

PNty LR SR REERL Y

I-M"P CONTEOLLTY L-—)m:r '_I"}ALUQ‘-&:‘:.,.E 7_“ CCRDUND CONTROLLER - - AR “ASY‘EL-
TS ROV ENTRT T ﬁ’c"c"‘f'bl FEAR OHMOMITOR : s

[ it e e wrrman e m— . i
+ e — . c) |
H

ADDITICHAlL (ERBONREL

¢

-
S, NP

TNy E AT I TAT IO 3?
\'I;','i'n_g‘t,i.._.\;li_-'_:-gi e .E-‘. By i

> Mtl—!i M s WD AR Bk T T (B LT A P TR E Si £ 43T L R IAF 5 AP T A RTINS, AL -

3
( Gk AR ) ‘O‘_—-’_, LL v

bﬂ.’ L ORI LTI S R T A S SR T, ERCRI T, BT o F O DG TR T W T AL T TR ILAT 4 K T R DO T A D Ty )

R Wotpari a1} Joi

PR Pl S¥ LT

[ P E U AT

. - e n 2 . ! o . .

YHE FOLLOWING PASES COMTAIH THE METHOD. QUICK-LLOK |
1

INDITATCRS. TEST DATA AND RECORD HAMESRS FOR ;
PECARDEL DATA, ‘ g

¢ ARSTRLLED "TRucy nagTiee \vsTRUM BErSflaT w—
RO LA ary To QBQAS \Tow  ViesTolLoN

. II-92. \




. | TN OSk 2} 22) 9 NIM S TESTS .
‘DTTU\;’G'\""U‘T‘ s Cwo C?/L“. V) ™AL 0= ;
tne m= 7 (D) CAB ol
TLEL SPLO SPECY) Tl S Pec) S
Lt Comamnn0 ~0 N - Commumnnp i~5
' 55 /113) 3 2 i 1250 3
_“._ 'S {<5 11 Vs 140l
g 15 s i ! 25 26 hs
3 ~ ) ¥
{ W 3% 35 i f 3y )36
] 1!
3 W3 30 P }i 50 g |
3 33
. Wi Bo o . 5 7§
é nWso no Yo f : ~g 70
P
1157 g0 S0 1 § 50 Y
no Y 3 3 i ; =G 35
A
N w 3 24 s
L
-
15 14 A 1% /¥
‘o
2, —_ o 3 —
s 0 0
i
i ” .
RN S YO
I1-93 jg
I
H



- ¢ -

i T?;\Q( SECTow TesT  STATow

> o

o

* yiA )

* i3 3q

: 3
rV' G

. i

. I 7
[

®

s AN

3

l

IT-94

208

A3C

Q50
315
Fb5
429
467
490



SOAC TEST RUN Q6L

w/
, START  [STOP
DATE: | 3/kg/73 TIME: 950 | 47130
PURPQOSE: : mGEnswee AT BT VYAT Catierxg Gy
_ MR 2 (D) (i,
o MEPsSLEG  PAPE  QualiTy  Fel GST. waTu
2" BLoc¢ oUT

WEATHER CONDITION:

WIND SPEED .

| BAROMETRIC AMBIENT AIR  |START

DIRECTION PRESSURE TEMPERATURE  |wees

_ TEST CONTROLLER ESGE Vafuwre

OPERATIONS DIRECTORTRSY Doww il MOTORMAN @ARY DAWLS
DATA CONTROLLER WX _ BALLa vl GROUND CONTROLLER
INSTRUMENTAT ION REAR MONITOR DICX HaAgKEL
ADDITIONAL PERSONNEL Y5 KRAUE, Masees BAVM,
VEHICLE CONFIGURATION: CAR 1 (CAR 2

o8\ U

THE FOLLOWING PAGES CONTAIN THE METHOD. 'QUICK-LOOK

INDICATORS. TEST DATA AND RECORD NUMBERS FOR

RECORDED DATA.

S omovee Y sPacen B locks
TR ey AN S < af

¢ DOSTED  STEED SEMuow CARg T Segar Yo Yy . TLI AT E
STEAN g LA W II-95



TV
RJJ /p}

NS B o 0 Vo o ,,),q_,‘b
3 v F\»JD)
_ STelt MomAToN % X | M e seean e
D ¢ 650 b7 s 4
G o by e 1)
Yoo ok 23 4
\o2 LAY Yiale: 4
s A4 Se, 4
- "o 1w o
&0 %Y P
i 2.2 00> —
D AR e 20 A}
q\v \ o4 4 ¢
sio V40 £éo 4
> S ?
bso YD &7z P
Lo LS Coo A
< 150 VI ] Pae A
Lo 43 /7 1
e o oo s A
> e RCI 772N
W M- 2y !
Yoo ioy Sepre, p
S0 Lry | svz
LSO [t S, _
. S LA - I
RS Lo Sow *
14 200 T T4
U R ¥y ')
S0 L33 1 ez |
Heo b Fow Ty
II-96




LY

b= R D P TR K%
veu (e w) Qﬂ,ﬂ o
AN
Msr TR 4 = /4 s sy
=y

Rt 08 Sld \!

Sered .3} Oy 3

Gore lu s s 2

oo \.‘;4 7ea )

hade .5 Vet {

o M- S8 4

Yoo boos s v

e 1T o ,1\

Vo 1L G 4

3o e Foo {

e Lo Yre 1

KSre 1,25 s 4
A o9 1 %3¢ 4.

R A0 gto

beo QS 32

wo ) Ay

Yoo |3ﬁ o

400 l.ob Yay

-2 V39 Sig

b | v 45¢

V9o LA S e

II-97




J 0L

’ PR
VE T ATl 'ANESN R wa%
¥ -0 ( C,bv) s
WA DS MT TN v e v/ Bpsy $roey
D | o 0 1% L
(- 0 Yo 4
e qe (Y \
o 5 118 P 'y
oo 5% T30 4
oo BRI A VARV I
Geo o3 94T L
> RS T
790 135 550 {
s 2e g5 |4
s bvo 4 LY A
bo© Jad 49k p
oo oL Y 4
o L | oy 4
oo i 1‘5‘1 {
Hov by 2L 1
S 51 LY 4
L1y S S 0 Ydp 7
TR T I R
eV {
Hro M1 o
Hoo Lo pFAL
Elea® o 294
Voo .35 {910
RL 141 S
D o0 1Mo 4L n
NN ) V3L A v
% A BRI pr s
oo tow “3
I1-98




SR

Crve (p-p)

RPFT TMueyK "

I1-99

oV -
veu (C Lu—) QT;\'\Q;
~
Moo E MOMATIR, v | I ¥/ 1 Prse spemp
\ |
D |0 Ny Y4 4
o T Loy Y
Lel 53 UL L
Yo 5[ P 3eo L
&o0 ag/53t veo |
oo iy 1 d9se
gla® LM 5L \
g0 V,bo 4o iy
N9 43 3L : W
Lo 03 VL {1
Lo 2 o i1
D MY ey j; 1
You W2 wL i 4
500 1 336 %4
beo 1,06 g g Ak
o —— 70 13 S Uy ; A
% o S
o0 o3 R
Lo AY Y i
o0 AN 160 ;
43 R Y A B VXV
& 50 wo |
oo {03 LA
00 3¢ gL



SOAC TEST RUN 06>
DATE: | ~/e/3 TIME:
E”BEQSE' a C el ~ oV -’-_‘;:w;ﬂfﬂ—r:g L

® CRYDY rw

oD NOr~aL

STARB STOP
g

e

Lo~ 24y 1w

Raole  @uslaTy

ATN

o REOEmASL DU CyeLE TEST TeCHMMQUE

WEATHER CONDITION:

WIND SPEED
BAROMETR!C AMBIENT AIR  [START
CREW;

TEST CONTROLLER 1=2B DROSW

OPERATIONS DIRECTOR W&y R rraaTL
DATA CONTROLLER WiLT _¥Svtimdan

INSTRUMENTATION

ADDITIONAL PERSONNEL %&v§

MOTORMAN GARY PAVIS

GROUND CONTROLLER
REAR MONITOR ™tg wasKEL

¥ e se (\c;c;ﬂ €D ?E'ﬁ'e'p.mgj

‘,‘)

i aT Y,

VEHICLE CONFIGURATION: CAR 1 (AR 2
lU‘:/D ' LF?‘) .

THE FOLLOWING PAGES CONTAIN THE METHOD, ’QUICK-LOOK
INDICATORS, TEST DATA AND RECORD NUMBERS FOR

RECORDED DATA,

OV eY el LEADINE

II-100

BYGUD mMwZWLes



N

3% - P& 73 STV — SN - SLpE
O SPH -SLIDE LT DY CaTIo

9 — Lvnen CREU(

o LURCH
Gt - bt '
RS -“'M»-ﬂﬂ—um___— ‘\f\.——.
¢t ELimirpTED LM AT SN v
LS cau\dig T e S S P LD S Gt O, CaAnDS
(pll MI'L)

* SR -5 Bl &Y Y v—r Craf b et WO, (ed Gy

A Row 1§ £ WA AL rMAEC S TV QRS er &
Y.

II-101



SOAC_TEST RUN O L4

DATE:  |3/29)~3 TIME:

START  [ST10

50 4-38

PURPOSE : » ZADE  QualTy  DaAaTRA

F o &5T

P S TR N KO ¥ N 2 D

ey s

WIND SPEED

BAROMETRIC
PRESSURE

DIRECTION

AMBIENT AIR
TEMPERATURE

START

TEST CONTROLLER “Bo@ TausHa

OPERATIONS DIRECTOR baTI THAW Avat MOTORMAN

LAty DAVS

DATA CONTROLLER GROUND CONTROLLER
INSTRUMENTAT ION REAR MONITOR ®ic¢ HasKE(

ADDITIONAL PERSONNEL _&VvsS Y laus T

VEHICLE CONFIGURATION. CAR 1 (CAR 2

oS Yo Lis,

THE FOLLOWING PAGES CONTAIN THE METHOD. 'QUI.CK"LOOK
INDICATORS., TEST DATA AND RECORD NUMBERS FOR

RECORDED DATA.

Lo no T TR 1 bz ?ﬂ.&:{b\.&aw-b

o T  Are Tie. DATA Ve e @v i,

II-102

~ &S ERAVGD



TR DI LISTRMETT] o

COAC TEST RU Of?f O

- - |_-—u| RS LR
et - (i' ‘
i/ by '

A, T
A ek i et s |

-—-——

 WIND SPEFDi

: i, START op
_ DATE: ia‘-gc-fj T”""r {‘Zlo? “éﬁ DIRECTION ]__

PLBEQJL. L\/\G i Tiom— Crangr 10578
} (OAy SIDE - MOISE |

— e e
 ———l T,

VEHIClE COu!TICURATIOL CAR 1 CAR 2

. AMBIENT Al!
TEMPERATUR:

H;DE&M\HS'&’(—- waveld R Tz

. rw—— e - — e

2 ]
Cgscr I) ZDEnD Crq R

- —-—-t-__ [N

N
;_H_g@ﬂ 70 OK
@ '.

{{—103

TR

Lanr Bosy o __ -
Sanro — l>)'Fj”ﬁf Dovor ="
# ¥ | TEST CONTROLLE_méh?SbN
T | B
) OPERATIONS DIRECTOR \A& z_-__E_Z_ MOTORMAHN L AS L \
| . DATA CONTROLLER __?}EMAEU_ GROUND CONTROLLER
Q ~ INSTRUMENTATION Lamu‘vfﬂl( REAR MONITOR [hurpdy
'ADDITIONAL PERSONE}E‘ G9awus Om: .
- ' L w\ﬂzmsj’gME : Mo M
\ S P£.€O de cE P — 25‘35‘ 323\(.'0 C‘} 70 7fJb‘-§7£‘c7‘I
e . N driien /q . .
— ALy
S

Vo Swee @ - Daﬁo uC’ﬁ?'{-—- 50, 60, 708

fo <a7_ 7030

3. 6»:3"1?6:& QFFr--,sf)sgpswe:p 50,60 65,70

75 5’0

@ /‘w69550 C_—;LUEE.ID-' lgl .SE-CT‘ \q"



VEL

A ¥
35
Y
€6
s

L

7¢
8o
A5
€5
76
b

15
70
4

o

S&
S0
5>
70

1)
%o

Jb
70
g6

O

SOoAL 042,09, 0%0

VELT
DAmpen  Cowfie

1N
)‘L

goT

I1-104

Cap Lol

i 2 Pwp.

|

o Pvd
1 Ped

H | pwd
H 2 Puwp

32 Pwo
# | Pwo
+ 1 Pup
U Pwo
Y Lpw

H L Pup

Mo VE

Weop

Woobd

Mira .
ot
Wewt

La i



-SOAC_TEST R O - S

| WIND SPEED
5 . START REEoie ———e
3 DPATE: A~ 27-7 _‘ TIME:  Pi0 *
79 IA"‘J > - 11200 h22®5  prrecrion
$ - ' -
IRPOSE ¢ \. \/\\ 2 TG \NVE.STIGHT/M
2 \onvsioe mowwe || B
y |
S RIS
A VEHICLE CONFIGURATION: CAR 1. CAR 2 }
‘ \/:12\ ’DAMPLI”ﬁD\bQoNNtc.TE:D - BoTH CARS
M A ev\oc\zs - Loc_\-l-E..D ouT — Yy DeEN ONLY
R WArle MF/MC—M |

i TEST CONTROLLER —m“'”'“‘;;.a&'sa&

| J QP'ERATIONS DIRECTOR _}_\ﬁz,_ti‘z_' wororian  2Avis HAsksL

B DATA CONTROLLER Vi 4 miric (< GROUND CONTROLLER MUEPHY

!l' ~ INSTRUMENTATION K s&usé' REAR MONITOR _Wax

| _-ADDlTlONAL PERSONNEL § LRE - No Dgﬁ,my

SRR Ja\;}:o QP“WEO 50/65/70 75, %o
51__,._—-—-'- ™ Loc.\éc.o
[I j Svee © .%wﬁe.?.-—. O Uu l_cc.%—éc..,[)-— s o, 70, 90

% 2/ _'\%cm-ro OP 5{3&;0 SWTTP 50, 79 90

: 4} U™ c.o-.)PL_c - \?ow v Dew .
l ’ .. . . ) - : .
| 5 5519 e o /) S !
: %wa@,a ,ﬁﬂw@dﬁ_— . S
> , T s -

? @ A II-105



i e, - cohnadpnn et L

st | 09| S—

WIND SPEED!

[ o £C ., Draﬂ\-l .

DATE:  d-27-7 TIME

H / I"Té@- ))045 DIRECTION

‘ . % : : P . .

EUREQ_S_E_L )/ \/\T’:‘;n_mj-(o,-( \N\KC-"_—;"T(GMT{OW_

: | . . AMBIENT AIR
2 convsine Norsw - TEMPERATURE

-.r‘?/_:_“....

C VRMICLE COUFIGIRATION: Cgr1 oR2
. TN R em DAm x’g?{.?‘t:bfecf:rv NECTED - GaWGﬂg
O A S Hoa s .-L_ocm,o O VT - .\—\YDL."*{ orfc._\/

et - \-l\ fj
j? WIARE X fl.c;;\?)\_-_r;»—-_wq —

TEST CONTROLLER""THD'M Psors

"OPERATIOHS DIRECTOR \-\nm_e v MOTORMAN .’Dwiﬁ/ﬁn-g_f_&»c
DATA CONTROLLER N igmm 1mC < GROUND CONTROLLER
INSTRUMENTAT ION KeavsE REAR MONITOR _ Wlix

- SPE N ER
ADDITIONAL PERSONNEL L

L SRee D LSwwe P NI - 50 §3) 685 &5 7073, £0
,.2‘-'-50!4\/5!-).76. EGurprens NossSE~ A7 om0 rrss
3 Sec7 L~ S0 owe | 25 Cons’”, 50 DI 35@.—4}7
) - : . : s -
50 Seew&ER 50 Cawsr

Fe Jdc/" zz ZZ7 }Zfﬁ‘f/

A o o —— .

1 spacp swees

—————




Y

SQAC__IESI_BUNE;_QQ

Mot€ e
F\CT[OI\)

. ' WIND SPEED ;
START, .|S10P I
DATE: /,_ 73 | TIME: ¢ Fo ;
7 / ' 271° 14 DIRECTION | i
EUB.EQSB CAr to 2. CHeck Roa)
AFTER LAY VP Sy +| AMBIENT AIR
TEMPERATURE
" VEHICLE CONFIGIRATION, AR 1 O N
90 000 e 6 W, -
 TEST CONTROLLER A Vociriisc e
OPERATIONS DIRECTOR MOTORMAN  oceer v f /1<
DATA CONTROLLER (o AT /a’/"u}‘v}GROUND CONTROLLER ::V,H :;:;:d’_r_—r
INSTRUMENTAT ION - REAR MONITOR _Ziimc i miyre
'ADDITIONAL PERSONNEL
#Aws  Beacs KEzeazéd o<
p?&?é?};/d(j e E T BRI PATARC O
40 o%
43 o AZ LN, Sé.lc;,c/',"@ cA s &Enld.
- 50O o< Very, Strdrys O CHE £ a)
5 o< : -
"T)éo A
&S oxz
70 ox ;
75 o< |

ITE 1 S

: QO :///_fgeérfau cAnre A OAJ | S&eT |
' wa s Lo T S74 676
O & /‘fC#fﬁ\ AtOT 2 8O s

rever. N MED ~HiGH
II-107



@ WA T THEOLGrr G 7= Ao I ROICATOR.

@

3

Lty 7 -
e e -

e cversh ~O&L A FE P

E oo p ﬁ:’uc/q AAIACOC T e &

V/—](_Vc:’ L EAMrz s )G — SREPLAC &

T H SFPr e

JM S PEC T L EAR EAS O

LD E RCAR
oL

Mo rs & Camrﬁ.ch— oR.  (CoofE /%QT)

IT-108



SCTETAN | )90

_ IWIND SPEED
PATE: .?’}5*/7‘5 ' TIME =. i&ﬁ;—g . bIRECTION
. : \
© B Quac crees mse o] et
U INSTRINMEMNT ATIOA) CH[C‘: QT

CAR % 1A MEMT AT CHECK ST u T
VEHICLE CONFIGURATION: CAR 1 @S‘lﬁ%omsvm 595

8}:&.5 | Ooorwfeb_ ¢

TEST CONTROLLER _F Thompsors

OPERATIONS DIRECTOR A UoWwecke.  MOTORMAN Crmen shns
DATA CONTROLLER _Gus Mawse/S Shepws GROUND CONTROLLER __*' “
& INSTRUMENTATION _E-McComeppd  REAR MONITOR -~ astl

ADDITIONAL PERSONNEL ?/Qgeb;\»al‘-g\at, Dove. Ruants

' G SI, - Z.Az Qu.ck- A q..'s.-..»r\ tMeM‘g
. a na\.w"u;.;:)w\“l ' Q Dt " v\t‘f—‘t}o ; %L\Q o US\‘

Qy ‘ , I11-109 |



SECTION 3. NOISE MEASUREMENT TESTS

II-110



SOAC TEST RUN (==

BGGTAY CloP |

pﬂ[ l L~ 16-72 Ny 7'//?;75 1045 || 245

COVFIGURATION

/ - Chae | CAR 2 Rom %\KG\,\I | Q. \ 05,0007
(\ \Low Dens 77\ HeH Dewsizy

/?gﬁ‘ 011/"'/ Ao

AlCEL , DECEL | D1oTOR TlLAasn OVER l
OeTaI1~n  Nows e

0): SeT -u? STANtE Cownr s E
Nm.{.b STm 29@ 703Sraq 338

Qur\( OAR. Two OwrecTien TO Vmax

N LuAQTE Meovorn., TeAash OVER

E..VﬂL.u-?TE. MoToR FLASKH OvER

:%,-.,L\Qgg\_'_ Cnr‘?_ 20, 40, GO ™M P
RECorD "WImE To SPeed AND DiSTANGCE

' 47 QCC..CL_ 'Cr‘—\rL K o 0 "LC'), C\;C.)' G O (M@K
Lot orn “Nimg AmND DISTANCE

o Ylenpen B RARE |, UwWNamia ONUY
pﬂﬂ. FTriHon oriy

5/ WNage ©OoTas

Three Tnjener |ocatidng (&2 cu.cd O e, ‘{'O laey MPH
Twe Extevior Rsdion: @ o, z.o Qo 6O MPH pasdiay

Al z,v.._?m% orc_,mﬁ::“b, | Speacy

II-111



Z1T-II

TurERior Notse Levors — ScHAC #/ ; Low Densiry Can
Sound LEvEL — SEH

'‘4' Werenrsn

Cak @ 105 Kb ; emply

All SowusmenT. _oPERATIVG

t1fie[73- ; Run 008

Frowr CENTER Repw 1
over WiTew oven 2 Taw
Aﬂ&krﬂi‘tﬂb ©3 €a.s LS * @ﬂ/f five atsren
Aorew fe ue,/ clote.
SEME D o bz e bl‘.s- P s ebTed
(e | 25 L3 ©) o e et
LevEL) 35 ¢3 A ©S % ’}5;_;44 car; 3'atee
H oo ad
O pbn S#dbA
50 LS L3 ©7 o mpn 14 cib
70 l] T2 s "o
/ccc/ernfu}u L3 | 62§ (P1 % e
STANDING 6
(Ene ) o | Gz r3 WS
LEVEL
25 .
L3 bl.s ('ﬁ' . AEEO!:J' df frock {ocote
I os - .
20 3 . ¥ Aeceleration Aoue
70 72.. LS~ 70 ‘ /l«'btlf are a ‘f:tdcﬁo;
4 speed




(w77
vy)
| 7z ONIaeLe | -
¢ ¥ @_ NoLYuITH/
N,J G9) (4 ]
Q \w\A ol
s %o (3
<9 MnO,?\ C vd)
| _ g4 Cibss
< 9 e | NOLAITIITY
(1.2 220 ) 1vo2rs |
NG SINOy 0 NS0l P 4v)
.th n..to-u . %w\ \u\u\ \Sﬁ.w q.w&&u\“\ “\

- 0SS - SINT] 758l WL
G Bi~ey —/N« - / B

II-113



EXIERNAL NOISE LEVELS - SORC 27 |
;4' Wctgméo $a»b lz:-w:‘:. w dLA

fo'a)
Car o 105 Kib WOng
| wex. |
SPE@ADW SGMLWEL]
] '
| o
50 From 1
6 ||
Cor
5' Above Kan 7'(} “
N
O 94 !
5' 'Fraﬁ ,,/{9’@
Car;
520
350 Above ‘o
o | K70
(ol/é"/é

Fo 1y

IT1-114 )



-~

SOAC TEST RUN oo

STORY GioP

DATE I a7 | CTHE | qzon wown

Mclo2 maw

COVFIURATION Corers

CA |l CAR? () : i
- 1CSKlb (w) Con 2L R

REASON
(&) NP Toun () pecn Somiicq, Reda Qualiig ]

$ Novee

MEWOﬁ ; Y30 T 10720 © Cheele” d»ee—-\’ ot o (—f‘\wo)\e_-tgm

Lo:) ’ ‘\/! P
MCIQWE‘Q. S A wm ove #/CAR., FB e‘rﬁ’bm

A’SM,S Y 35, S{ﬁuﬂ o
Reeend : Bde Cuaddm

No \.-SE_. -Dg;\_f\.-o«-—v

com - ek -
DATH : 730 /Zé zﬂ i Afesomwiur s E FROZEN -flﬁt{f@,
- CiERRED wWiTH HERT, VL VE NEAT Nor oA
DaR G KDY ER PuETO LACK OF BarTER Y
CHALL G @Wsz I D€A.
G funs Ffor CnELkowy

1/”0 ﬂm, ComPrellDh
Gppurvown) & [2 N

(b) Runs 1w BFrERdJoos 17115
- o ComAENTS over) .



NofE—.' ‘ | ﬁ .
o) SwTe at MMG,’\?:\—:;:“ e\

QQWJ % Qﬁ»&i ‘;“og uﬁcujZ:::\Y%ij ﬁof'
'\{aﬂ—e RATAW MJ;\T-Q“ oj_mm{/\p\na-- \§ M PR

d enX D (W AR

‘??rw- ';zﬂbt GDUL;&UU?? %\U\OL;e-QQ);hL QQNQGLJD
25, 35, S0, PR '\_m'ﬁav.& or Shaldoun

af” BomPR on ATAn T STanl point .
wew vnotRus noled , S doum of
230 v .

II-11¢



“y

__ $9 <) o
I a7=)
A KX 9 3o (437
__ L9 £ i 2 2¥3)
i, -~ i3 ey
__ - ! e? ONIQVLS
NOLLYII1TIY
iﬂ
27 19 o
VL O&
b ) <h? Q mfo.r( (12737
27 £9) 589 _S& avd)
7] -7 <) A
" & Crze
| VOLLATTIINY
(2, 52L) TN I IIINZD || (I ¥aL) 03
O/ 44 MY \ﬁTi: hBOUVﬁﬂd«QJ,&nP gy L ALduz ( AN Go1 P 4¥)
\xw\u - \uxu \ \SE.W Qms.\u@x N\
&, MOS - STNI] Ty 03T
" _ .

II-117




EXTERNAL NOISE LEVELS - SOAC *2

P A’ Wegareo Souns Lever + dbA
lar o lOSKIp
MAX
= . |
° E?m Saund LEVEL!
F
|
50 hom |
Cor ; *L
5' AbOVE ?hu.
_ fi
2o o4
5 ‘Fran 4o 90
Car; 7
e
s’ AbOVB Lo qé
o |

I1-118






SOAC_TEST RUN rﬂéé

DATE: [ g -3 THE: P )5 50

Loy LvtpErTS Florr CURRENST

5/v’¢WT,(4 ‘t:f KEnsT SEaSonrt v MBPSURE L elEM?

$Ersep
TAKE EMIL ppia
WEATHER CONDITION:
WIND SPEED .
BAROMETRIC AMBIENT AIR  |START
DIRECTION PRESSURE TEMPERATURE e
CREW:

TEST CONTROLLER R, PARICER

OPERATIONS DIRECTOR _T. Bas? MR TORMAN _LARY DAv:S

eHEl
DATA CONTROLLER __ v/ EF HALL/M BELROUND CONTROLLER

[ 4 5 e
INSTRUMENTATION _ CL/EF HA L LASPEAKER MONITOR Drck HASKE(

ADDITIONAL PERSONNEL

VEHICLE CONFIGURATION: ( CAR 1-CAR 2>

/Of )& w8 C a8 AT 0Lt HT

THE FOLLOWING PAGES CONTAIN THE METHOD. 'QUfCK-LOOK
INDICATORS, TEST DATA AND RECORD NUMBERS FOR
RECORDED DATA,

II-120



SOAC TEST RUN r_ 0L 7

. . START  |STOP
DATE- L{,,,? _,3 TIME. 2:00 f,_?ﬁ

'PURPOSE: REEvlr CoRRINMTS from L VERLT glﬂlm/i;
A L vpfpT SEp3ofl + ALPIBORE Copgins Srns

JAKE BT PAT A

WEATHER CONDITION:
WIND SPEED .
BAROMETRIC AMBIENT AIR  |START
DIRECTION PRESSURE TEMPERATURE [
CREW:

TEST CONTROLLER F. THzmpson”

OPERATIONS DIRECTOR _J, B2rshnt MOTORMAN L. 020

DATA CONTROLLER &uHAtt /p, £ Wit GROUND CONTROLLER
INSTRUMENTATION Gl 80 f* SO #4042 REAR MONITOR _po, /12 14 s

ADDITIONAL PERSONNEL

VEHICLE CONFIGURATION: CAR 1</ CAR2
e
Jos K Lf AT AT AL 1G18 e I3

THE FOLLOWING PAGES CONTAIN THE METHOD. "QUICK-LOOK
INDICATORS, TEST DATA AND RECORD NUMBERS FOR
RECORDED DATA.

I1-121



SOAC TEST RUN [ 0§

DATE: “-37- 2 TIME:

—_— ——

.wﬁﬁh_ T her EMI prr i

START  [STOP
0972 |13 Y7

WIND SPEED .
BAROMETRIC
DIRECTION PRESSURE

AMBIENT AIR  |START

TEST CONTROLLER _F° T /urapssns

OPERATIONS DIRECTOR _1. Edegphel
DATA CONTROLLER _ #2. Zr e f 1,2
INSTRUMENTATION _ &5 2Fa e f1T

ADDITIONAL PERSONNEL

MOToRMAN £ . 22 v 11

GROUND CONTROLLER
REAR MONITOR 2 A/ A& # et

VEHICLE CONFIGURATION: @AR 2
' D
/oS g

THE FOLLOWING PAGES CONTAIN THE METHOD. 'QUICK-LOOK
INDICATORS, TEST DATA AND RECORD NUMBERS FOR

RECORDED DATA,
I1-122



APPENDIX III

RIDE QUALITY REPORT
D174-10025-1







THE '”EI”G COMPANY

VERTOL DIVISION

TITLE

NUMBER

© MORTON, PENNSYLVANIA

CODE IDENT. NO. 77272

D174-10025-1

REY LTR

SOAC RIDE QUALIYTY IMPROVEMENT PROGRAM

FOR LIMITATIONS IMPOSED ON THE USE OF THE INFORMATION
CONTAINED IN THIS DOCUMENT AND ON THE DISTRIBUTION
OF THIS DOCUMENT, SEE LIMITATIONS SHEET.

MODEL CONTRACT
ISSUE NO. ISSUED TO: _
PREPARED BY__N. |/

FPREPARED

APPROVED

APPROVED

APPROVED

R

. Vlaminck

BY (// ‘% L

(i

D

BY //-(-‘ i o

. Shapiro

o Y

. Bevan

./J

. O'Leary’

PREPARED BY

PREPARED BY

; APPROVED BY
BY Holy

A

. Vollmecke

Ty et

T. Herbert

Engineer of Tests
GSI Inc,

Engineering Division

2T

G. Krause
Asst.Engineer of Tests
GSI Inc.

Engineering Division

K. Jack/son

Director of Engineerirg
GSI Inc.

Engineering Division







: NUMBER D174-10025-1
THE 'ﬂflﬂa COMPANY REV LTR

ABSTRACT

A ride quality test program on the State-of-the-Art Car
uncovered vertical vibrations near 80 MPH. Shake tests
of the SOAC identified the major vertical modes of the
primary car structure and significant secondary struc-
ture. The secondary structure supporting the motor
alternator was analyzed and modified. Subsequent shake
tests and ride quality tests verified that the structural
changes produced the desired improvement in ride quality.
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SUMMARY

This report presents the results of a vibration reduction
program conducted on the State-of-the-Art Car (SOAC) to
improve ride gquality. The testing included two ride
guality wvibration 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 and installed on the wvehicle 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

A

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 guality vibration survey, vehicle
shake test, analysis, subsequent structural modification, veri-
fication shake test, ride gquality 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). BAn 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 1bs. 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 gquantitative
substantiation of the severe vibration problem evident near

80 mph in the SOAC. Figures 1 and 2 show a summary of car body
vertical vibration data at 25, 35, 50, 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 15 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 accelerometer 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. 1In
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 and 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 vibrations
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 vVertical
vibration levels, is shown in Figure 6. It can be concluded
that except for car 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 in

light of the findings of NASA TN D-6735 "Dynamic Responses of
Railroad Car Mcodels 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 also shown on the lower section
of Figure & and indicated that car body vibration levels were
significantly 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 and 45 mph
and near 64 mph. Car body vertical accelerometer waveforms
indicated a high amplitude vibration with a 9-second beat was

ggeseﬁt in the data measured over the center of the car near
mph. ‘

Testing to_this point did not provide an understanding of the
measgred ride quality results. In addition, the frequencies

of vibration observed in the test data could not be correlated
w1th.an¥ car body vibration modes since there were no analytical
predictions of car body flexible modes and frequencies. To
understand the dynamics of the vehicle in the frequency range
above the rigid body suspension frequencies, it was concluded

the best course of action would be to perform a s
the SOAC. 2 hake test of
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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 gquality
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 and 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 1lbs. 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 either the car body or truck frame. When exciting the
car body, the shaker was attached to the anticlimber at the R end
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 excitations, the
shaker was attached with clamps to the underside of the truck
frame cross transom,

10
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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 500-1b. input force. Dynamic time histories were
obtained but no attempt was made to determine the phase angle
between pickups except at the natural modes. After the fregquency
sweeps for a particular configuration were completed, these plots
were studied for resonant amplitudes. The test program defining
shaker alignment, pickup locations, and excitation frequencies
used in the shaker diagnostic testing was suggested by Boeling
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 R end of the car are shown in Figures 9 through 12. Pickup
locations are at the R end of the car, Station 450, Station 673,
and on the motor alternator. All data are for a vehicle weight
of 90,000 1lbs. and a shaker force of 500 lbs. A dlagram show-

ing the car body locations identified on these figures is pre-
sented in Figure 3.

A review of these curves indicates there are four car body
flexible modes in the fregquency range of 6 Hz to 20 Hz and they
occur at 8.1 Hz, 12.25 Hz and two between 15 Hz and 15.2 Hz.

The fact that there are two modes in the 15 Hz to 15.2 Hz range
is not readily evident from examination of the frequency response
curves. However, during the test, attemps to fine~tune the
shaker in this frequency range proved difficult and it was noted
there were actually two peaks within approximately .2 Hz. The
data of Figure 9 taken at the R end of the car exhlblt a large
vertical response near 8 Hz which was later found to be the first
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 center of the car (Station 450),
substantiates the presence of a resonance near 12 Hz. Figure 11
is dominated by the 15 Hz peak and, as can be seen in Figure 13,
the pickup was near the antinode of the 15 Hz peak and close to
the node of the 8 Hz primary vertical bending mode. Figure 12
shows the response of the motor alternator itself is similar to
the response of the car body floor over this component for the
entire frequency range explored.

11
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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 R end 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 R end traction motor
cooling fan (Station 673) were higher by a factor
of 2:1 at the 15 Hiz - 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 longitudinal 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 wvibration
survey, during which the 15 Hz vertical vibration was
accompanied by substantial car body longitudinal
vibration. The response was tabulated in Figure 6.

12
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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 wmotion.

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 gquestion 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 15 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 vibration

problem identified in the ride gquality 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 modification 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.

13
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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 is8 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 of beating.

In addition to separating the 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 longitudinal
stiffening of the motor alternator support structure installed
on the SOAC cars are presented in Figures 30 through 32. This
installation was performed under 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 determ@ng
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 Sectiog
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 expected, 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 shapes of the car body and 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

0 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 gquality 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 .05 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 guality 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
levels 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 concentricity test was to obtain a
guantitative 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 information.

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 shortly before the concentricity test.

A summary of the wheel concentricity and lateral runout test
results 1s presented in Figure 43. Total Indicator Reading (TIR)
for these parameters is shown for all eight wheels of both

SOAC 1 and SOAC 2. Tabulated data of all concentricity meas-
urements made during the test are shown in Figures 44 through
47. Measurement of wheel flat and buildup data are shown in
Figure 48. A maximum buildup of .007 inch on the SOAC 1
occurred on the No. 3 wheel. Wheel No. 7 on SOAC 2 had a maxi-
mum buildup of .01l inch. Wheel flat data indicated a maximum
depth of .018 inch (No. 3 and No. 4 wheels) and 010 inch (No. 2,
6 and 7 wheels) on S0AC No. 1 and SOAC No. 2 respectively.
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7.4 CONCLUSIONS

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 quantitative
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 vertical 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 vibration 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 pres-
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 element model was developed 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 selected 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 shifted the 15.2 Hz mode to 19.4 Hz. The 4.4 Hz
frequency differential between the higher order car body bend-
ing mode (15 Hz) and the motor alternator beam bending mode
{(19.4 Hz) insures against beating between these two modes.

This change in frequency should alleviate the vibration problem
near 80 mph. Shifting the longitudinal mode abowe 20 Hz will
reduce the 12 Hz vibration levels near 64 mph.

8.5 SECOND RIDE QUALITY TEST

The modification to the motor alternator support structure
eliminated the objectionable vibration near 64 mph and the
beating phenomenon near 80 mph. Maximum vibration levels at
the higher frequencies (15 Hz) have been reduced from .26 g's
to .1 g. Although this exceeds the design goal of .055 g's at
this frequency, this is probably the result of data reduction
technique as explained in Section 1.4. The SOAC is considered
satisfactory by passenger observers.

21



D174-10025~1
THE BOEING COMPANY

8.6 WHEEL CONCENTRICITY TEST

All eight wheels of both SOAC 1 and 2 were well within the
BAR and several transit authority standards for wheel con-
centricity and lateral runout.
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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 report. 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 resconant 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 number 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 test, 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 longitudinal. 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 92.1.1 above.
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7:00 -,.003 =, 009 300 003 -~009
§:00 —.003 -.008 4:00 002 ~.007
700 -002 -, 006 500 , 001 ~J03
Sl L0000 -, K 00 =400/
§:00 L0 ~, 004 8:00 000 00/
33 20t =006 8:30 .000 000
FIGURE 46
FORM 11180 (8./47)
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NUMBER D174-10025-3%

REVLTR
e BVAVEING -orr-anv
DATA - WHEEL CONCENTRICITY TEST
SOAC #2°
WHEEL 5§ WHEEL 6
Whee! Position Concentricify Run Out  Wheel Pasition Concenfricity  Run Out

{clock) (Clock)

12:30 .000 000 130 00 000
2:00 001 -001 10200 -,001 -002
3:30 ,004% - 005 8:30 ~002 005
H:30 06 -, 00y 7:30 001 = 004
6:00 006 -003 600 005 -,003
8.00 00K 000 Y00 008 000
9:00 002 - 00/ 700 ,008 —e !
&:10 006 -, 004 5030 006 =002
to.30 000 00| /30 005 -, 00!

12 00 ,000 01 J2:00 000, 32!
WHEEL 7 WHEEL 8

1300 .000 000 :00 000 000

1:30 ~. 001 -,002 j0:30 -, 002 002

12:00 — 003 -,.002 12300 -, 004 -002

104§ - 007 -, 005 1:15 - 005 000
¢.00 ~,008 -.007 300 -,003 -5
7:30 =007 -.06 Y230 —.00/ ~,008
6.00 - 005 - 002 6:00 002 06
b:30 -,002 LO0Q 730 S0 2 - 003
:00 ,000 ~,00( 9:00 001 001

FIGURE 47
FORM 11180C (B/87)
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NUMBER

T™HE 3”!’”5 COMPANY REV LTR

D174-10025-1

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'clock .007
11:00 o'clock .018
4 9:30 o'clock .018
11:00 o'clock .016
5 12:00 o'clock .010
8:00 o'clock .005
6 12:00 o'clock .005
8:00 o'clock .012
7 5:00 o'clock .005
12:00 o'clock .012
8 6:00 o'clock .003
7:00 o'clock .008
12:00 o'clock . 009
1:15 o'clock .009
- SOAC #2
-
1 No Flats
2 8:30 o'clock . 006
3:00 o'clock .010
3 11:00 o'clock .008
B:00 o'clock L0007
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'eclock .0l0
9:00 o'clock .01l1
a8 No Flats
- FIGURE 48

FORM 48284 (2 708)

SHEET 71







APPENDIX IV

EMI MEASUREMENT TEST REPORT

(Project WOl1l52-T)
April 10, 1973
(Revised Edition)






FINAL TEST REPORT
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PALO ALTO, CALIFORNIA

Iv-1









FACTUAL DATA

1.0 DESCRIPTICN:

1.1 The iest specimen was two state of the art cars coupled together
and operating as a unit,

2,0 TEST INSTRUMENTATION:

2.1 Radio Interference Field Intensity Meter, Stoddart Model 1M=37-PRM~=
1A, Serial Number 215, Next colibration due July 1, 1973.

2.2 Radio Freuvency Field Inlensiiy Meter, Steddart Model IM=88/URM=47,
Serial Number 33, Next calibration due June 1, 1973,

2.3 Dipcle Antenna Stoddert, Model Number AB-371/U,

2.4 Biconical Antenna, per MIL-STD-461A, Paragraph 5.2.3.

3.0 TEST PROCEDURE:

3.1 The fest caquinment was first set up inside one of the SOAC cars,
at approximaiely the mideeini, Test equipment povier was provided
by a small vuxiliary gencrator situated in tha other car. Al SOAC
systems and third rail powsr were decnergized, ond a complete scan
of tha frequency range (150 KHz to 400 MHz) was perfermad for the
purposz of sclecting those frequencics (epproximately four par dzeade)
at which radio interference ficld intensity would be monitored through=
out the remaining tests. A sccond frequency scan was perfermed after
third rail power and ali SOAC systems had baen energized, in order
to identify any emission frequencies (high interference peaks) for
later checking during radiated cmission tests with the instrumentation
at a wayside locafion, There were nonc.

3.2 The test equipment was than set up adjacent to the tracks at a distance
of 100 fect from the traclks on April 2 and 3, 1973, wayside measure-
ments begon at approximately 1:00 P.M, on the 2nd. Prior to testing
the vehicle o complete scan of the frequency range was performed for
the purpose of determining ambient inierference levels,

3.3 Measuremenis were then performed with the test vehicle passing
through a zone approximaicly 300 feet long directly in front of the

Iv-4






4,2.1 Alihough readings ot 32 MHz exceed spacification limits
by 2 dB, it should b2 noted that the ambicnt fevel cerrected
also exceaded the limit by tha same amount, In addition,
normal accepied folerance limiis for this typa of testing are
plus or minus 3 dB; therefore, the 32 MiHz readings must ke
interpreted as complying with specificaiion requiremenis.

5.0 CONCLUSIONS:

When tesicd as deseribad herein, the SOAC demonsiraied complete conformance
to the radiaicd inierference emission requirements of Bozing purchase order

No, CT 885569, Appendix A,
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