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1. INTRODUCTION

In June 1971, the Boeing Vertol Company was awarded a
contract (DOT-UT-10007) for systems management of the Urban
Rapid Rail Vehicle and Systems Program (URRVS), whose overall
objective is to enhance the attractiveness of urban rail trans-
portation. Sponsored by the U.S. Department of Transportation's
Urban Mass Transportation Administration (UMTA), the program
builds upon and accelerates the technical evolution of rail
rapid transit so that new urban rail systems and system exten-
sions can benefit from improved operating economics and en-
hanced passenger appeal.

1.1 URBAN RAPID RAIL VEHICLE AND SYSTEMS PROGRAM

Boeing is performing eight tasks under the Urban Rapid
Rail Vehicle and Systems Program:

1. Provide program management in implementing UMTA
efforts toward improving high-speed, fregquent-
stop urban rail systems.

2, Monitor the testing of the BART prototype cars for
input to the program. (Complete)

3. Using BART as a baseline, and using current (1971-
1972) technology in car building, direct the design
and construction of two new State-of-the-Art Cars
(SOAC), representative of the best available tech-
nology; demonstrate these cars to the transit
authorities and the riding public in five major
cities. (Complete)

4. conduct an industry-wide design competition and
award contracts to produce a two-car Advanced
Concept Train (ACT-1), representative of the next
generation of rail transit cars; demonstrate these
cars to the transit authorities and the riding
public in five major cities.



5. Conduct an industry~wide design competition and
award contracts for alternative advanced sub-
systems under the Advanced Subsystem Development
Program (ASDP).

6. Plan for an operational demonstration of an
advanced train that incorporates the major ad-
vances of SOAC, ACT-1 and ASDP, which is to be
called ACT-3.

7. Perform an economic analysis of the SOAC and ACT
cars leading to estimates of life c¢ycle costs in
production gquantities,

8. Perform a human factors evaluation of the SOAC,
and ACT cars.

1.2 STATE-OF-THE-ART CAR (SOAC) PROGRAM

The objective of the SOAC task was to demonstrate the
current state-of-the-art in rail rapid transit vehicle tech-
nology. This objective was fulfilled by the development, test,
and demonstration of two rail rapid transit cars embodying the
best available (1971~72) technology. Passenger convenience and
operating efficiency were primary goals for the cars which were
designed to be capable of operation on at least one line of the
rapid transit systems in New York, Boston, Cleveland, Chicago
and pPhiladelphia.

The two SOAC cars were designed, fabricated, functionally
tested and delivered to the U.S. Transportation Test Center (TTQC)
in Pueblo, Colorado, 11~1/2 months after contract go-ahead by the
St. Louis Car Division of General Steel Industries. The cars
were shipped to the Rail Transit Test Track at the TTC in August,
1972 and on October 12, SOAC was unveiled and demonstrated to
the public, including Secretary of Transportation John Volpe,
and other officials.

During 1973, the SOAC vehicles underwent an extended period
of engineering testing. A delay in operational testing and evalua-
tion was caused by a switching accident in August, 1973 necessi-
tating major repairs to one of the two cars. The results of the
SOAC development program through August 1973, and the economic
analysis are reported in vVolume I of this report, entitled
"State—-0f-The-Art Car Development Program, Volume l: Design,
Fabrication and Test".

SOAC repairs were completed in December, 1973. The cars
were returned to the TTC and systems testing was repeated on
the repaired cars between January and April, 1974.



The operational test and evaluation phase of the SOAC

program started when the cars arrived in New York City on

April 18, 1974. This final phase of the SOAC program ended

with the completion of the Philadelphia demonstration on

April 30, 1975.

This report, Volume 2 of a two volume report, presents
the results of the repair, post-repair testing and operational

evaluation of the SOAC in five cities.
this program are shown in Figure 1-1.
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severe environment., Design changes were made and others should
be incorporated in future design applications,

1.3.11 Four resilient wheel elastomer bond failures were ex-
perienced on SOAC, which uses tread brakes. Batch process
controls during wheel assembly were considered to be a factor
in all four failures. In addition, two of the four failures
were the direct result of parking brake malfunctions and one
failure occurred during on-the-car wheel cutting.

1.3.12 BSOAC experience with on-the-car wheel truing of re-
silient wheels was unsatisfactory. Out-of-round conditions
resulted in all cases using two different machines of the
same type.

1.3.13 Problems were encountered with movement of the aluminum
centered resilient wheels on the steel axles, making it neces~
sary to install axle end caps. All instances occurred in
Cleveland. Compatability of SOAC to the existing track geometry
may have been a contributing factor. The cause of this problem
was not satisfactorily determined. BART experienced some of

the same type of problem,

1.3.14 SOAC traction motor blowers are the principal contribu-
tors to a 70 dbA exterior sound level at zero speed. This is
particularly noticeable when the cars are standing in a station.
As noted in Volume 1, page 145, the traction motor blowers

are the major source of wayside noise under 35 mph. The trac-
tion motor blowers, however, are considered to be an essential
advancement presented by SOAC; the wayside noise appears
noticeable but not objectionable.

1.3.15 The passenger reaction survey results indicate that a)
the SOACs offered effective improvements in most features
rated as important by the public, b} more handholds should be
provided for standees, and c¢) carpeting is not particularly
desired on rapid transit cars.

1.3.16 The SOAC passenger survey shows that the SOAC rider
tends to rate improvements, such as ride quality, noise levels,
internal light intensity and others, higher as a result of
having directly perceived them than does the general public
which has not perceived them.

11
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2, ACCIDENT AND REPAIR

2.1 SOAC ACCIDENT

On August 11, 1973, the State-of-the-Art Cars were being
tested on the Rail Transit Test Track at the U.S. Transportation
Test Center (TTC), Pueblo, Colorado. The tests simulated con-
ditions that would be encountered during normal transit opera-
tions and included starting and stopping at 16 simulated sta-
tions spaced around the 9.1 mile oval track (Figure 3-53). At
2:30 P.M., as the SOAC's approached Station A, they were inad-
vertently diverted through an open switch onto a siding where
they collided with a gondola ~ transition car coupled to an un-
manned diesel-electric locomotive. The SOAC motorman, an employee
of Kentron-Hawaii Ltd., was fatally injured in the crash. Four
other people on the train, all in the rear car, were uninjured.

The National Transportation Safety Board investigated the
accident and presented their findings in Document NTSB-RAR-74-2,
"collision of State-of-the-Art Transit Cars with a Standing Car,
High Speed Ground Test Center, Pueblo, Colorado, August 11, 1973".

The accident conditions and the damage to the SOAC struc-
ture were investigated in detail by Boeing Vertol and officially
reported to the NTSB in an internal document "Accident Report,
State—of-the-Art Car, High Speed Ground Test Center" in Septem-
bexr, 1973.

A ciééﬁ&EfEﬁiﬁéEé”&héiYsis of the SOAC was conducted
for UMTA* after the accident. The conclusion from the study
were the SOAC "as built" meets the crashworthiness standards

_implicit in the current practice of specifying buff strength.

However it was noted that the car might be improved by the
addition of underframe to roof vertical posts that would

" develop the strength of the draft sill and roof in the event

of an override. The small degree of damage incurred by SOAC
supports these conclusions. )

2.2 ACCIDENT REPAIR

Following the collision, the SOAC cars were transported to
the Boeing-Vertol manufacturing facility near Philadelphia,
Pennsylvania, for inspection and repair as required to return

*E, Widmayer, A.E. Tanner, and R. Klump - "Crashworthiness
Analysis of the UMTA State-~of-the-Art Cars - Report DOT-
TSC-791-3 June 1975.

13



the cars to their original corndition. Car No. 2 departed Pueblo
aboard a flat car on August 31, 1973 and arrived at Boeing Vertol
on September 10. Car No. 1 departed Pueblo on its own wheels on
September 24, and arrived at Boeing Vertol on October 6. The
following work items were accomplished between September 10 and
December 22, 1973:

Car No. 1 and No. 2

e Straighten and weld build-up anti-climber and tread
plate at No. 2 end.

® True up the wheel tread surfaces of wheel sets,

® Disassemble, inspect and refurbish traction
motors and gearboxes.

car No. 2

® Remove and replace the following: draft sill
structure, including coupler mounting; horizontal
shear panels of underbody; side sill channels from
approximately Car Station 130 forward; car sides;
bonnet, door and windows forward of the structural
bulkhead near Car Station 212.

e Straighten and grind out/weld repair questionable
weld areas as revealed by magnetic particle in-
spection on body bolster.

e Inspect truck frames for cracks and structural
distortion (none).

® Replace undercar wiring and plunbing.

® Remove and repair air conditioning evaporator unit.

® Replace No. 1 coupler and associated equipment.

® TInspect and straighten undercar equipment mounts and
magnetic particle inspect and weld repair equipment

support structure.

® Replace bolster anchor bolts and spacers at both
trucks.

Both SOACs, the two transition cars, and the support car departed

Boeing Vertol on December 22, 1974 for Pueblo. The two SOACs were
shipped de-trucked aboard flat cars.

14



3., POST-REPAIR TESTING

After repairs, the SOAC's were returned to the TTC on
January 14, 1974. Testing was conducted during the period
January 30th through April 10, 1974 with the following speci-
fied objectives:

1., To show compliance with the original acceptance
criteria.

2. To substantiate that SOAC performance after car
repairs agreed with previous engineering test
results. .

3. To complete the simulated demonstration testing
which was in progress at the time of the accident.

The tests were conducted in accordance with Reference (1)l
and included the following:

(o} Subsystem Functional Tests

o Acceptance Tests

o Simulated Demonstration Tests
o} Engineering Tests

Results of these tests are reported in Reference (2)2.

3.1 SUBSYSTEM FUNCTIONAL TESTS

The cars were shipped detrucked on flat cars from Phila-
delphia to the TTC at Pueblo, Colorado. Travel time was eighteen
days. The cars were unloaded, retrucked and functionally tested
prior to conducting subsystem functional tests.

1, Reference 1. State-of-the-Art Car Test Program, Appendix T,
"Test Plan and Procedures for Post-Repair Testing", Document
No. D174-~10007-1, Boeing Vertol Company, Philadelphia, Pa.,
January 1974.

2. Reference 2. "State-of-the-Art Car Final Test Report, Volume 5
Post-Repair Testing", Report No. UMTA-IT-06-0026-74-12.

15



TABLE 3-1

SUBSYSTEM TESTS ACCOMPLISHED ON CAR NO. 2

TEST

Coupler Function and Gathering Range
(No. 1 end only)

Electric Couplers

Camber

Air Comfort

End Door

Side Door

Windshield

Lighting, Head and Tail Lights

Cab Lights

Console Lights

Emergency Lights

Main Lights

Wiring, High Pot

Main Power Application

Trainlines

Windshield Wiper

Horn

Public Address

Radio '

Side Sign

Main Propulsion Control & Motor Rotation

Main/Emergency Brake

Handbrake

Snow Brake

Propulsion Auxiliaries

Car Weight

Alr Compressor

Hostling Panel

Visual

16



Tests were performed on those items specified in Table 3-1,
along with additional functional tests of the Progulsion and
Braking Systems, in accordance with Reference (1)~ Section 3.
The latter tests were performed on each of the two cars, separ-
ately, sitting in a static position using the SOAC Propulsion
Simulator (Figure 3-1) to simulate the system electrical loads,
and the SOAC Monitor Panel (Figure 3-2) to check proper func-
tioning and seguence of propulsion control events by observing
the event lights on the Annunciator Panel,

3.2 ACCEPTANCE TESTS

Preliminary testing was accomplished to set brake and pro-
pulsion system rates to their proper values and to check-out the
train prior to acceptance testing. These tests included func-
tional checks of all systems under typical transit operating
conditions and trial runs for the acceptance tests.

Limited acceptance tests were conducted to verify that
the individual cars and the two-car train met their original
acceptance criteria. Acceptance tests included speedometer cali-
bration, acceleration, deceleration, and automatic speed main-
taining.

3.2.1 Speedometer Calibration

The test was conducted on both cars at steady speeds of
15, 25, 35, 50 and 80 mph over the 4000-foot section of level
tangent track between track stations 298 and 338, using 1000,
2000 or 4000 feet as required.

Both cars were checked in forward and reverse at five
speeds (Figure 3-3). Maximum deviation between indicated speed,
and true speed was 1.5 mph at 80 mph.

3.2.2 Acceleration

Tests were conducted in forward and reverse on both cars.
The test car was accelerated on level tangent track at full
power (P = 1.0 amp). Stopwatches were used to time 0 to 700
feet, 5 to 25 mph and 0 to 60 mph.

Both cars were checked individually. Acceleration from a
standing start to 700 feet ranged from 18.8 (Car No. 2) to
19.5 seconds (Car No. 1) with average accelerations from 5 to
25 mph of 2.78 and 2.74 mphps respectively.

Both cars met or bettered the specification and/or previous
data (see Table 3-2). Testing of the two-car train configuration
was not possible because of failure of one of the two auxiliary
generators used to supplement the temporary locomotive track power
source. The locomotive plus one auxiliary generator could not
maintain the reguired 600 volts dc minimum line voltage during full
acceleration of the two-car train.

17
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3.2.3 Deceleration

Braking tests were conducted in forward and reverse on
both cars and the two-car train. The car or train was decele-
rated at full service rate for blended and friction-only brak-
ing, and with emergency braking on level tangent track. Stops
were made from 40 and 80 mph.

Table 3-3 summarizes deceleration rates and stopping dis-
tances and compares these data to the specification and previous
acceptance data.

3.2.4 Automatic Speed Maintaining System (ASMS)

Tests were conducted in forward and reverse on both cars
and the two-car train. The ASMS was cycled through all speed
settings (3, 15, 25, 35, 50, 70 and 80 mph) with the controller
in the full power setting. The ASMS functioned properly on
both cars. All speeds were within one mph of the ASMS button
setting.

3.3 SIMULATED DEMONSTRATION

A goal of 3000 miles of simulated transit operation as a
two-car train was established for the SOAC post-repair test
program. This requirement was in addition to the 1312 miles
of two-car train operation obtained prior to the accident.

The 3000 mile simulated demonstration was split into two
1500 mile phases, the first phase to be accomplished before
the engineering re-~test and the second phase at the end of the
Pueblo test program. The test program was arranged in this
manner to give the engineering tests the benefit of 1500 miles
of prior shakedown.

Train configuration for most of the testing was a two-car
train running 8 hours a day, 5 days a week. The simulated transit
route {see Figure 3-4) is a composite of routes in the five cities
and consists of 14 stations at an average distance of approxi-
mately 1/2-mile ( ranging from l1/4-mile to 1-1/4-miles) with
various run speeds between stations. In order to simulate actual
operation on the transit properties, the SOAC was operated on
simulated trips consisting of:

1. Two laps of the oval stopping at each station for
door opening and closing. Doors on one side were
opened at one stop, and the other side at the next
stop. The prescribed run speeds between stations
were achieved with the SOAC speed limiting system,
using maximum acceleration and full-service brake
rates.

21



"TABLE 3-2., SOAC ACCELERATION AND SPEED
SOAC Car Car
Test Mode Spec No. 1 Ho, 2

Average initial acceleration 2.74*% 2,74 2.78
(mphps) *
Time to travel 700 feet from 20 19.5 18.8
standing start, 600 VDC (sec)
Time to reach 60 mph from a 34%* 33.8 31.2
standing start (sec)
Maximum speed (mph) 80 80 79
*From 5 to 25 mph _
**pPrevious data, not a specification item

TABLE 3-3. SOAC BRAKING TESTS

Braking Mode SOAC | Previous | Car Car 2-Car
(105,000 1lbs or as noted)| Spec Data No. 1| No. 2} Train
Deceleration rates*

Blended service (mphps) ** 3.1 3.3 3.4 3.5
Service friction (mphps) ** 2.8 2.7 2.9 2.9
Emergency (mphps) ** 3.2 - 3.0 3.3

Stopping distance from 40 mph
Blended service (feet) | 450 | 430-445 | 455 423 408
Service friction (feet) - 450 420-440 457 440 408
Emergency (feet) 425 335-365 365 372 349

Stopping distance from 80 mph
Blended service (feet) 2250 |1650-1660 14 1700 1550 1539
Service friction (feet) 2250 [1925-2000 | 1957 1650 1653
Emergency (feet) 2200 [1600-16351| 1680 1560 1503

*Average from 60 to 30 mph
**Not a specification item

22
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2. Two non-stop laps of the oval at 80 mph.

3. After a 5-minute layover, the same run profile
as described in 1 and 2 above was made in the
opposite direction,

The first phase of the simulated demonstration was
conducted during the period between February 27 and March 13,
1974. Fifteen hundred and fifty-five (1555) miles were accumu-
lated in eight days of testing (Figure 3~5). The only signi-
ficant discrepancy encountered during this simulated revenue
service testing was one case of high commutator bars causing
broken brushes. This was corrected by grinding the commutator.
Other discrepancies included replacement of one slip-slide
circuit card, one B+ short to ground in the airflow sensor
circuit, and one. intermittent short in the P-wire cable.

There was no measurable gearbox oil leakage.

The second phase of the simulated demonstration was con-
ducted during the period March 29 to April 10, 1974, Fourteen
hundred and fifty six (l456) miles were accumulated on the two-
car train in five days of testing (see Figure 3-5 and Table 3-4).
No discrepancies were encountered.

3.4 ENGINEERING TESTS

The Engineering Tests were conducted (under separate Con-
tract DOT-TSC-580) to show continuity with the original en-
gineering test data. An abbreviated test series was utilized
to verify that the data previously obtained was valid for use
as a baseline for comparison with the data to be obtained on
the five city prgperties. Results of these tests are reported
in Reference (3) The following paragraphs present brief de-
scriptions of the test results:

3.4.1 Acceleration Tests

The SOAC car was accelerated to reach a maximum speed of
80 mph. The car was tested to provide data under various con-
ditions of P-signal, car weight, and train consist. The test
results for the post-repair tests are sufficiently close to
those obtained from the original tests to conclude that there
was no appreciable change due to the repairs.

3.4,2 Deceleration Tests

The SQOAC car was decelerated from specified entry speeds.
Data was recorded for controller level, car weight, and train
consist. The deceleration rates for all the post-repair tests

3. Reference 3. "State-of-the-Art Car (SOAC) Post-Repair
Engineering Tests at Department of Transportation High
Speed Ground Test Center", Report No. UMTA-MA-06-0025-75-7.
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TABLE 3-4

TEST RUN LOG-SOAC SIMULATED DEMONSTRATION 1974

'RUN NO.

PART (1)

208
209
210
211
212
213
214
215
216
217
218
219

PART

233
234
238
239
240

(2)

DATE MILES RUN
Feb. 27 82
Feb. 27 182
Feb. 28 118
Feb., 28 164
March 5 172
March 6 82
March 8 82
March & 182
‘March 11 ~ 118
March 12 118
March 12 219
March 13 36
SUB-TOTAL 1555
March 29 155
April 364
April 364
April 400
April 10 173
SUB-TOTAL 1456
TOTAL 3011 MILES
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exceeded those measured during the original tests. Even though
they exceeded the SOAC specification rates, it was not con-
sidered necessary to make any system changes prior to starting
demonstration testing.

3.4.3 Power Consumption

Power Consumption was measured over a prescribed synthe-
tic route, as shown in Figure 3-6. The test data showed that
the current and rms values for the motor armature and field at
the 90,000 1lb car weight (Table 3-5) were slightly less than
for the 105,000 1b car weight (Table 3-6). A comparison between
the post-repair tests and the original tests shows the former to
be approximately 12% less than the latter.

3.4.4 Ride Quality Tests

The SOAC was operated at a single speed over all track
sections and at five speeds over Track Section 1 to compare the
response of the post-repair SOAC with previous test results.

A sample acceleration and deceleration was accomplished. A
comparison of the original and the re-test vibration levels,
together with the SOAC design goals for vertical and lateral
vibrations at mid-car and aft car center line locations respec-
tively are presented in Figure 3-7. All vibration levels are
below the SOAC design goals with the exception of the vertical
acceleration at 15 Hz, This exception at 15 Hz was measured at
a corrected true car speed of 94 mph instead of 80 mph as orig-
inally programmed. This 15 Hz bending mode is sharply dependent
upon speed and a very small difference in speed between the
original tests and the re-~tests could account for the differences.

3.4.5 1Interior Noise Tests

A test of the interior noise levels was made at various
speeds over Track Section I (see Figure 3-6) for the post-repair
SOAC. A weight-effect comparison was accomplished and the effect
of an air conditioning air duct silencer was also evaluated. The
post~repair measured sound levels, without the duct silencer in-
stallation ran 2-4 db higher than the original test data, includ-
ing the car at rest (see Figure 3-8). The sound levels at the
forward end of the car (Location 49, Figure 3-9) showed the
greatest increase, indicating that the air conditioning blower
noise was greater after the repair than before. The installation
of an air conditioning duct silencer as shown in (Figure 3-10)
brought the interior sound levels down to where they were prior
to the repair (Figure 3-11).
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TABLE 3-5. SUMMARY OF SOAC ENERGY CONSUMPTION AND RMS VALUES FOR ARMATURE AND

FIELD CURRENTS ON SYNTHETIC TRANSIT ROUTE (90,000-POUND CAR
STATIONS MAXTMUM ENERGY (XW-ER)* TIME BETWEEN:
(T50 SPEED DISTANCE PER STATIONS 12 ARMATUREZ-SEC. IZ.FIE%D-SEC.
DIREZCTIONS) (12PH) (MILES) TOTAL CAR MILZ (SEC.) x106 B %103
A-B 60 0.75 6.4 8.55 74.5 16.82 . 49.22
B-C 70 1.00 8.8 8.8 89.0 22.78 55,79
c-D 50 0.50 5.4 10.8 119.0 | 12.5 . 61.87
D-E 60 0.75 6.6 8.8 80.5 16.9 52.3°
E-F 50 0.50 4.58 9.17 69.0 12.96 46.6
F-G 40 0.25 3.25 12.98 56.0 9.67 41.9
G-H 40 0.25 3.43 13.72 - 54.5 9.32 . 34.94
w H-I 50 0.50 4.4 8.8 65.5 12.75 s © 46,82
I-K 80 1.50 12.38 8.25 105.0 29.59 - . 58.5
no K-M 80 1.25 11.17 . 8.94 . 97.5 28.75 55.23
M-N 40 0.25 . 3.63 ° 14.5 58,5 9.1 33.55
N-O 50 0.50 4.68 9.36 65.0 13.88 . 48.05
0-P 40 0.25 3.2 12.83 56.0 . 9.44 43.78
P-X 70 1.00 8.99 8.99 - 99.5 23,93 53.3
Total x 2y - 18.5 173.8 9.39 2179 ' 456.78 x 106  -1363.7 x 10°
ARMATURE "' FIELD
RMS VALUE ~ AMP
2 457.8 25.0
(21 At)

At

SCHEDULE SPEED: 27.5 MPH

*INCLUDES AUXILIARY POWER



TABLE 3-6. SUMMARY OF SOAC ENERGY CONSUMPTION AND RMS VALUES FOR ARMATURE AND

FIELD CURRENTS ON SYNTHETIC TRANSIT ROUTE (105,000-POUND CAR
STATICNS MAXIMUM ENERGY (KW-Y4R) * TIME BETWEEN - _
(TWO SPEED DISTANCE PER STATICNS 12 ARMATURE-SEC. I2 FIELD-SEC.
DIRECTIONS) (1PK) (MILES)  TOTAL  CAR MILI - (SEC.) x106 ©oxipd
A-B 60 ~0.75 7.8 10.4 86,0 20.2 . 52.62
B-C 70 1.00 10.75 10.75 102.5 26.15 59.25
C-D 50 0.50 5,0 10.0 i 79.0 14.5 48.12
D-E 60 0.75 7.8 10.4 | 93.0 19.9 . 53.63
E-F 50 0.50 5.4 10.8 86.0 14.25 50.25
. E-G 40 0.25 3.5 14.0 67.0 10.9 . 42.0
“ G-H 40 0.25 3.55 14.2 . 64.5 9.1 37.25
H-I 50 D.50 5.15 10.3 79.0 g 14.5 . 50.0
I-K 80 1.50 14.6 9,73 | 130.5 39,15 | 60.8
K=M 80 . 1.25 13.75 11.0 115.0 “33.3 61.13
M-N 40 . 0.25 3.9 15.6 . 64.5 12.2 . 45.63
N-0 50 0.50 5.5 11.0 79.5. - 16.1 51.88
O-P 40 0.25 3.65 14.6 67.0 ' 10.8 ST 43,38
P-X 70 1.00 10.95 10.95 107.0 28.85 \ 56.88 -
Total x  (2) 18.5 202.6 10.95 2440 539.8 x 106 1425.64 x 10
RMS VALUE ~ AMP : ARMATURE FIELD
At

SCHEDULE SPEED: 27.3 MPH

*INCLUDES AUXILIARY POWER
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3.4.6 Wayside Noise Tests

A test of the wayside noise level was made at various
speeds over Track Section I. Weight and train consist compari-
sons were also accomplished. The comparison of post~repair and
original test results for the No. 2 SOAC at 90,000 1lb car weight
with resilient wheels is shown in Figure 3-12. The data shows
good agreement from zero to 50 mph with slightly higher levels
from 50 to 70 mph for the post-repair data., This is attributed
to some small wheel flats which were audible during the tests.

3.4.7 Structure Tests

The SOAC was operated at a single speed over all track
sections and at five speeds over Track Section 1 to compare the
response of the post-repair SOAC with previous test results,

A sample acceleration and deceleration was accomplished. A
comparison of post-repair test results with those from the
original tests shows the following:

° The relationships of load levels and phasing are
similar to the original test data. No significant
differences were noted,

° One of the truck frame strain gages showed strain
levels at 80 mph slightly higher than the original
data but well below the design criteria for truck
loads.

3.5 CAB SIGNALLING INSTALLATION AND CHECKOUT

cab signalling equipment supplied by the Massachusetts Bay
Transportation Authority (MBTA) and AiResearch Manufacturing Com-
pany under separate contract was installed and functionally
checked out during normal maintenance shifts. An operational
checkout was performed during the second phase of the simulated
demonstration testing of the two-car train.

A tape recording of the signals supplied through the MBTA
running rails was played to the receiver coils mounted ahead of
the forward truck. SOAC automatically accelerated, decelerated
and maintained speed as called for by the signals. Car speeds
were within one mph of the speed signals in all cases.

3.6 MAINTENANCE

The requirements for unscheduled maintenance during the post-
repair testing of the SOACs at the TTC were generally of a random
nature, typical of the shakedown phase for a prototype vehicle.
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One car was inadvertently operated at a speed of 94 mph when

a mis-calibrated speed sensor logic card was installed. The
card was 17 percent off calibration and the overspeed protec-
tion circuit was inoperative. The speed error was detected by
the speed fault system in the trailing cab when the car was
operated as a two-car train on the next run. All subsequent
speed card changes during single car operation were checked
with a single-point speed-time~distance check. The only main-
tenance requirements that can be considered as recurring were
high commutator bars on the traction motors and parking brake
malfunctions.

Traction Motor Commutators

Several traction motor commutators had to be ground after
the first period of extended high speed operation. This occurred
after the first 500 miles of simulated demonstration testing which
was equally divided between 0-55 mph station-stop operation and
steady-state running at 80 mph. The commutator grinding opera-~
tion had to be repeated on three traction motors after Car No. 2
was tested to 94 mph (which is beyond the specification require-
ments). One traction motor commutator, which was not ground
after 250 miles of 80 mph operation, had to be ground after com-
pleting 1500 miles of 80 mph operation. Commutator grinding
statistics are shown in Table 3-7,

Parking Brake Malfunctions

Failure of the parking brake to fully release was a con-
tinuing problem throughout the post-repair test program. Two
modifications were made at Pueblo in an effort to solve the
problem, but neither was successful.

The hang-ups were caused by a cocking of the hydraulic
piston when fully extended, and both modifications were attempts
to alleviate this condition. The first change was to reduce the
"brake applied" pressure from 1500 psi to 800 psi. Although the
800 psi pressure was adequate to meet the parked braking reguire-
ments, it did not solve the piston cocking problem. The second
modification was to increase the size of the rollers in the
actuator linkage. This was done immediately prior to the depart-
ure for New York City and there was no chance to evaluate its
effect at Pueblo., The results in New York would show that it
did not solve the problem. The sclution to the problem, however,
was determined before leaving New York and is described in that
section of this document.

The following is a list of significant maintenance actions

accomplished during the post-repair test program at the TTC,
Pueblo, Colorado.
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TABLE 3=7. TRACTION MOTOR COMMUTATOR GRINDING HISTORY

MILES OF 80 MPH

CAR/MOTOR COMMUTATOR OPERATION AT TIME
NO. MOTOR_S/N GROUND OF GRINDING
1-1 52-D6 Yes 250
1-2 52-D3 Yes 1500
1-3 52-Dp1 Yes 250
1-4 52DL15 No -

2-1 52-D5 Yes 750%

2-2 52-D2 | Yes 250, 750%*
2-3 52-D7 Yes 250

2-4 52~D4 Yes 250, 750%

* THESE MOTORS GROUND AFTER 94 MPH OVERSPEED CONDITION.
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DATE

1-21-74

2-07-74

2-14-74

2-19-74

2-21-74

2=-26-74

3-01-74

3-04-74

MAINTENANCE ACTION

Car No. 1 ~ Brake air compressor motor burned out.
Compressor seized. Installed spare compressor
and motor.

Car No. 1 - M/A repeatedly oversped and tripped
out after approximately 30 minutes on line. Re-
placed speed card in Phase Delay Rectifier (PDR).

Car No. 1 - Door chimes inoperative. Cleaned and
adjusted contacts on chime and door relays.

Car No. 1 - No. 2 Axle, parking brake hang-up. Re-
leased by repetitive cycling from RELEASE to NEUTRAL.
Removed No. 2 parking brake cyclinder.

Car No. 2 - No. 2 coupler, unable to advance or re-
trieve pins. Repaired loose wire in Electro-Pneuma-
tic (EP) box.

Car No. 2 ~ Repetitive propulsion trips caused brake
air compressor motor failure. Installed air com-
pressor from Car No. l. Capped main reservoir (com-
pressor side) on Car No. 1.

Car No. 2 - 60 Hz ripple in armature current. Re-
placed J35 card in Propulsion Power Control Unit
(PPCU) . <Card had not been modified.

Car No. 1 - Windshield wiper switch failed. Replaced.

Car No. 1 - Routine inspection disclosed extensive
traction motor brush wear and broken brushes on
motors No. 1 and 3. Measured one commutator bhar
.003" high on each motor. Ground and polished
commutator, Installed new brushes.

Car No. 2 - Same as Car No. 1 for motors No. 2, 3 and
4, Measured four high bars (.002" - ,0045"). Ground
wheels on axles No. 3 and 4 with abrasive grinding
shoes to remove flats.

Car No. 1 - Installed spare brake air compressor with
AC interlock to prevent starting up under lcocad. This
car has been running in train without an air compressor.

Car No. 2 = Car would not go into drive mode after
T/M field breaker tripped under acceleration. Found
PCL breaker 37v output shorted to ground at airflow
sensor connector and main contactor auxiliary con-
tacts stuck open (secondary failure}. Replaced con-
nector and cleaned and reset contactor auxiliary
contacts. 40



DATE

3-07-74

3-08-74

3-11-74

3-12-74

3-14-74

3-16-74

3-18-74

3-20-74

3~-24-74

4-05~-74

4-06-74

4-11-74

100 amp breaker.

MAINTENANCE ACTION

car No. 2 - Magnetic charging valve leaking. Dis-
assembled, cleaned and reinstalled.

Car No. 1 - Unable to go into Emergency Brake with
master controller handle. Reset No. 3 cam switch.

Car No. 1 - Intermittent short in P-wire circuit.
Replaced flex cable from controller handle to dead-
man switch.

Car No. 2 - Replaced 90 amp T/M Fiela breaker with
Drawing error.

Car No. 1 - Ground wheels with abrasive grinding
shoes to remove flats, all 4 axles.

car No. 1 - Found loose bolts on No. 1 gearbox hous-
ing cover. Retorgued all gearbox cover bolts, both
cars.

car No. 2 - Replaced J49 speed sensor card to correct
zero speed problem. Installed AC interlock to brake
air compressor to prevent starting up under load.

Car No. 2 -~ Open thermal switch in traction motor
No. 3 (S/N 52-D7). Switch cannot be replaced with-
out removing motor. Installed jumper to by-pass
switch. Replaced J49 speed card - calibration error
and overspeed protection inoperative.

Car No. 2 - Inspection after 94 mph run disclosed
broken brushes on traction motors No. 1, 2 and 4.
Ground and polished commutators. Installed new
brushes.

Car No. 2 - Brake air compressor failed to start.
Cleaned and reset governor contacts and replaced
time delay relay in AC interlock.

Car No. 2 - No. 2 air conditioner inoperative. Re-
paired shorted wires and replaced a relay in the
control module.

car No. 1 ~ Reinstalled No. 2 parking brake cylinder
(see 2-19-74 entry). Modified all parking brake
cylinders by installing larger rollers on the act-
uator arm, both cars. Ground commutator on traction
motor No. 2 to remove high bar,
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DATE

4-11-74

MATNTENANCE ACTION

Prepared both cars for rail shipment to New York:

Removed all traction motor brushes

Locked-out all side doors

Installed brake cylinder 20 psi relief valves
Set brake system for locomotive haul

Removed third rail collector assemblies

Installed windshield protective covers
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4. OPERATIONAL TEST AND EVALUATION

4.1 SUMMARY

The SOACs travelled just under 20,000 miles and carried
an estimated 312,000 passengers during the five-city opera-
tional evaluation. Operating statistics for the five cities
-are presented in Table 4-1. The cars were transported between
cities by railroad, travelling on their own wheels between two
modified gondola transition cars. A summary of miles hauled by
locomotive is presented in Table 4-2,

Passenger loads ran from moderate-to-heavy in New York,
Boston and Philadelphia, to light in Cleveland and Chicago.
In general, the riding public was very enthusiastic about the
SOACs, even to the point of applause from people waiting on
the platform as the train pulled into the station. The passen-—
gers were impressed with the quietness and smoothness of the
ride on SOAC. Without exception, the motormen assigned to SOAC
from the various transit properties considered the cars a plea-
sure to operate. The automatic speed control and smoothness of
acceleration were noted as particularly impressive.

The most frequent criticisms were "Not .enough handholds"
(for standees) and "Not-.enough windows". When the cars were
heavily loaded, it was apparent that some form of overhead hand-
hold was required, particularly at the ends of the car (low ceil~
ing area) and between each pair of A and B side doors. Many
comments were generated by comparisons drawn between SOAC and
the equipment in use on a particular transit property. For ex-
ample, the riders in Cleveland and on Boston's South Shore Line
are accustomed to more window area. The Clevelanders were also
critical of the seats in the high density car as being too
narrow and too short from front to back. These comments are
understandable considering that the CTS Airporter cars have com-
fortable, upholstered seats of ample proportions, similar to the
seats in the low density SOAC.

The passengers were pleased with the interior appointments,
although many felt that they would not stand up to vandalism. It
is interesting to note that in the 20,000 miles travelled in the
five city operational evaluation the only vandalism encountered
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A%

Revenue Service Days

Round Trips Scheduled
Round Trips Made

Car Availability (%)

Est, Passenger Count

Miles 1in Service

TABLE 4-~1.

NYCTA
30
123
86
70
100,000

5,680

REVENUE SERVICE SUMMARY

MBTA

22
178
176 .25
99
125,000

4,730

CTS

96.50
84.75
88
20,000

4,217

CTA

13
149
149
100

7,500

1,968

SEPTA

24

127
121

95
©0,000

3,000

104
©73.5
617
9l.6
312,500

19,595



St

Pueblo To New York
New York To Boston
Boston To Cleveland
Cleveland To Chicago

Chicago To Philadelphia

TOWED

MILES BETWEEN CITIES

TOTAL

2,000
278
818
415

968

4,479



was one small cut in a seat. Even though one guard was pro-
vided in each car, it is evident that there was a tendency for
the riding public to appreciate and care for the improved en-
vironment.

4.2 OPERATICNAL PLANNTING

Operational planning for the five-city test and evalua-
tion was conducted while the SOAC was at the Transportation Test
Center (TTC). Discussions were held with the various transit
properties concerning clearance checks, operating requirements,
maintenance facilities, logistics and personnel training. This
information was assembled in a formal Operational Demonstration
Plan which was prepared for each transit property.

4,2.,1 cClearance Investigations

Platform, tunnel and bridge clearances were a prime con-
cern for all the cities except New York. The demonstration
lines were selected in each city based upon their compatibility
with the 75 ft SOAC. The four lines selected in New York were
already handling the 75 ft R-44 cars which are the same width
as SOAC., Maximum length of cars operating on the lines selected
for demonstration in the other cities ranged from 70 £t for
Boston and Cleveland down to 48 £t in Chicago.

Boston

The MBTA South Shore cars (Silverbirds) are 3 inches wider
than SOAC in maximum width, but sllghtly narrower at floor level.
This made platform clearances the prime concern in Boston. A
clearance car test was conducted on the Cambridge Dorchester (Red)
Line in December 1972 using the MBTA clearance car. This test
indicated that there would be no changes required for SOAC.

Cleveland

The Cleveland Airporter cars are approximately 39 inches
wider than SOAC. An analysis was made of the clearance car run
conducted by CTS when they purchased the Airporters, and it was
determined that only minor relocations of signals and wayside
equipment would be required for SOAC clearance.

Chicago

A major clearance problem was presented on the CTA because
SOAC 1is approximately 6" wider (11 inches at floor level) than
the CTA cars. Extensive modifications were required to the
Skokie Swift facilities to permit operation of SOAC., The changes
required included modifications to the platforms at the Dempster
and Howard stations, track repositioning, the revision of and
additions to existing signal controls and some third rail modifi-
cations. These changes are discussed in detail in Section 4.7.2.2.

46



Philadelphia

The three types of cars used on the Broad Street Subway
are all wider than SOAC, although only 67.5 ft in length. The
MBTA clearance car was shipped to SEPTA and a clearance car
test was conducted on the Broad Street Subway in August 1973.
This test indicated that there would be no changes required
for SOAC. The SEPTA clearance test report is included as
Appendix I.

4.2.2 Platform Height Vvariations

SOAC was designed with provisions for floor height adjust-
ment to accommodate variations in platform height at the demon-
stration sites. A comparison of platform and car floor heights
at the five transit properties is presented in Table 4-3. SOAC
floor height is adjustable from 3 feet 5 1/2 inches to 3 feet
10 1/2 inches with intermediate positions of 3 feet 7 1/2 inches
and 3 feet 8 1/2 inches.

TABLE 4--3 TRANSIT PROPERTY PLATFORM AND CAR- FL.OOR HEYIGHTS

Transit Property Platform Height Car Floor Height
New York (NYCTA) 3 Feet 6 3/8 Inches 3 Feet 9 1/2 Inches
Boston (MBTA) 3 Feet 11 1/2 Inches 4 Feet 1 Inch
Cleveland (CTS) 3 Feet 3 Inches 3 Feet & Inches
Chicago (CTA) 3 Feet 6 Inches 3 Feet 9 1/2 Inches

Philadelphia (SEPTA)

w

Feet 10 Inches 4 Feet 1 Inch

4.2.3 Operation Demonstration Plans

A formal Demonstration Plan Document was prepared for each
participating property. This document covered all facets of the
planned operation, including familiarization, briefings, testing,
revenue service and maintenance. The SOAC Demonstration Plan
for the Southeastern Pennsylvania Transportation Authority (SEPTA)
is included as Appendix II.
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4.3 MOCKUP DISPLAY PROGRAM

In order to demonstrate the SOAC exterior and interior
design to a larger segment of the public than would see the
cars during operational testing in the cities, a full-scale
mockup of the SOAC vehicle was designed and built by Sundberg
Ferrar.

The two-~section mockup was designed to be transportable
over regqular highways with each section separately built onto
a complete flathed trailer. The mockup is air conditioned
and equipped with heating, lighting and public address systems.
Commercial 60 Hz electric power must be provided at each dis-
play site.

The first public display of the SOAC mockup was at the
U.S. International Transportation Exposition (TRANSPO 72) at
Dulles International Airport, Washington, D.C. in May, 1972.
After TRANSPO the mockup was displayed in Washington, D.C.;
Pueblo, Colorado; and Rochester, Buffalo and Syracuse, New York.
More than 400,000 people visited the mockup during this phase
of the program.

The SOAC mockup accompanied the SOACs to four of the five
demonstration cities (all except New York). Display sites were
picked by the individual transit properties and display dates
were arranged to suit their requirements. The mockup opening
usually preceeded the SOAC inaugural ceremonies by several
weeks, ranging from two weeks in Chicago and Philadelphia to
seven weeks in Cleveland.

The mockup was staffed by Boeing Vertol and local transit
authority personnel who provided technical data describing the
SOAC project to the public. OQuestionnaire-type opinion surveys
were conducted in each city,

At the completion of the tour in Philadelphia, more than
680,000 people had visited the SOAC mockup. Table 4-4 summar-
izes the mockup display activities during the operational test
and evaluation phase of the SOAC program.

4.4 NEW YORK CITY

4.4,1 Shipment

The two SOACs, the two gondola transition cars and the
support car, (a modified REA express refrigerator car) were
assembled into a five-car consist on the Rail Dynamics Labora-
tory spur track at the Transportation Test Center on April 11,
1974, The cars were taken to the Pueblo Army Depot by D.O.T.
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DATES

guly 8-13, 1974

July 17-26, 1974

Aug. 1-17, 1974

Aug. 30-Sept. 11, 1974

Sept. 16-22, 1974

Sept. 27 - Oct. 4, 1974

Jan. 8 - Feb. 8, 1975

Feb. 24 - March 15, 1975

March 26 - April 5, 1975

MOCKUP DISPLAY ACTIVITIES

DISPLAY SITE

BOSTON, MASS.

Government Center
Braintree Mall

Danvers Liberty Tree Mall

CLEVELAND, OHIO

Public Sgquare
Parmatown Mall

Severance Shopping Center

CHICAGO,

ILL.

Federal Plaza

PHITADELPHIA, PA.

Penn Center

Upper Darby

49

DAYS ATTENDANCE
6 27,231
10 39,920
17 38,879
12 17,541
7 6,551
8 7,287
32 74,312
20 44,263
10 25,740
TOTAL 281, 724






locomotive at 8:00 AM on April 12, where they were picked up
by the Santa Fe Railroad at 11:00 PM the same day. The cars
were transferred to the Penn Central at Streator, TIllinois,
on April 15, and arrived at the South Brooklyn, New York rail
yard on April 18, 1974. The cars were taken to the NYCTA
Coney Island yvard by a TA locomotive, uncoupled, and the two
SOACs were coupled to an R-44 train and towed to the 207th
Street Yard. The cars were inspected by Boeing Vertol and
NYCTA representatives at 207th Street and found undamaged ex-
cept for one cracked side window glass which required replace-
ment.

Support Car ILocation

The support car and the two transition cars were stored
at the Coney Island Yard. Although SOAC operated out of Coney
Island on two of the four lines run in New York, all the heavy
maintenance work was done at 207th Street, 25 miles away. This
‘made the acquisition of spare parts from the support car ex-
tremely inconvenient, since the round trip travel time was ap-
proximately three hours. A van was rented to alleviate this
problem by providing mobile storage for tools and some spare
parts.

Security

All necessary security services were provided by the NYCTA
transit police. These services included guards for the SOACs
when stored outside, and onboard security during revenue service
(one man per car). The support car was covered under the normal
security protection for the Coney Island Yard.

4.4,2 Car Preparation and Modifications

The cars were prepared for their first operation on a tran-
sit property between April 22, and April 25, 1974. The work re-
guired to bring the cars to operational status consisted pri-
marily of removing and installing items installed or removed for
cross—country locomotive hauling. These tasks (which would be
repeated at each transit property) included removal of the wind-
shield protective covers, removing brake relief valves, resetting
all brake system valves for transit operation, installation of
third rail collector assemblies and traction motor brushes, and
removal of the instrumentation console and equipment transported
in car No. 2.

Since the cars were tested at Puebloc in the NYCTA con-

figuration, no configuration changes or modifications were re-
quired for NYCTA except installation of a redesigned cab door.
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Cab Door Modification

The original cab door design for SOAC incorporated a
right side hinge and opened into the cab. This arrangement
was selected to allow emergency egress through the cab and
out the left side windshield which is hinged on the car
centerline. cCab doors were not installed during the Pueblo
test program, but after the accident it became apparent that
an inward opening cab door would make it difficult for the
motorman to make emergency egress from the cab in the case
of an impending collision. The cab door was redesigned to
provide a two-way swing capability and the modified doors
were installed prior to the start of revenue service opera-
tions.

Communications

The SOAC train-to-wayside communications system uses
the same two-way FM radio as the NYCTA R-44. NYCTA provided
a radio which was installed in the SOAC radio rack (the SOAC
radio had been re-set to the TTC test frequencies).

4.4.3 Briefings and Training

NYCTA gave safety and operational procedures briefings
to the SOAC team on April 24. The orientation and training
presentation (Reference Section 4.2) was given to NYCTA
management personnel on April 29, and to NYCTA operations
and maintenance personnel on April 30.

Four experienced motormen were assigned to SOAC. Opera-
tor training was accomplished during the test and clearance
runs. Each line provided an instructor to ride in the cab and
supervise the motorman while operating on that particular line.

4,4,.4 Route Description

Three IND lines and one BMT line (Figure 4-2) were selected
for the NYCTA demonstration service as follows:

SYSTEM DESIGNATION ‘ NAME
IND Y-S 8th Avenue Express to Lefferts Boulevard
IND "p" Avenue of Americas (6th Avenue) Express
IND "E" 8th Avenue Express
BMT "N Broadway Express
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The "A" line runs underground in express service from 207th
street down through lower Manhattan, crosses the East River
by tunnel and remains underground past Grant Avenue. The
line is open-cut from midway between Grant Avenue and Hudson
Street until the terminal point of Lefferts Boulevard. This
route is 23.6 miles long and has a scheduled run time of 76
minutes each direction. The "A" line also branches at
Euclid Avenue and after Grant Avenue crosses Jamaica Bay at
surface level and terminates at Far Rockaway. The length of
this route from 207th Street to Far Rockaway is 32.3 miles
and has a scheduled run time of 96 minutes in each direction.

The "D" line is the 6th Avenue Express and operates under-
ground from 205th Street in the Bronx down 8th Avenue to

53rd Street, crosses to 6th Avenue south to Washington Square
and crosses the East River via the Manhattan Bridge. It is
underground until Prospect Park, open-cut to Newkirk, and
elevated to Stillwell Avenue. This route is 25.8 miles in
length and has a scheduled service run of 79 minutes.

The portion of the "E" line selected for the SOAC demonstra-
tion originates at 179th Street in Queens and runs underground
into Manhattan to 8th Avenue where it turns south, terminating
at the Chambers Street Hudson Terminal. The route is 16.2
miles with a scheduled run time of 44 minutes.

The "N" line starts from 57th and 7th Avenue in Manhattan,
crosses the Manhattan Bridge, becomes elevated after DeKalb
Avenue and terminates at Stillwell Avenue. This route is
15.4 miles with a schedule run time of 4% minutes.

Wayside signals with track trips are used on all of the NYCTA
demonstration lines.

4.4.5 Testing

The cars were checked out on the propulsion simulator
and moved out into the vyard under their own power on April 25.
While heading for the test track on the 26th, two third rail
shoe strikes occurred in rail gaps for switch turnouts.

This situation can occur on properties that utilize low
third rail height in relation to running rail height (NYCTA,
SEPTA) if there happens to be a soft or low spot adjacent to
or under the switch. If the car dips while passing through
the switch and one third rail shoe strikes the running rail
branching from the switch while another shoe is drawing current
from the third rail, there is a direct 600V short to ground.
Several SOAC propulsion system components were damaged and ex-
tensive trouble shooting was required before the cars could
complete their acceptance tests and clearance runs. The test
instrumentation console was installed on May 14, 1974, after
the inaugural ceremonies, and engineering tests were completed
on May 16. 54



4.4.6 VIP Ceremonies

The SOAC inaudgural ceremonies were held in the new
station at 57th Street and 6th Avenue on May 13, 1974.
The inaugural run travelled south on the D line to West 4th
Street, then south on the A line to Hudson Terminal, and
back to 57th Street over the same route.

Approximately 350 city and transit officials, members
of the press and T.V. and other guests took part in SOACs
first passenger—carrying run on a metropolitan transit
property.

Diode Installation

Revenue service commenced on the D line on May 17.
Another third rail shoe strike occurred on the next day in
the middle of a crossover. At this point it was decided
that diodes would have to be installed in the 600V power
collection system to block the flow of 600 volts to ground
through a third rail collector shoe. This system was de-
signed, installed and checked out by June 12.

4.4.7 Revenue Service

Summary

Revenue service was conducted on NYCTA from June 14, to
July 19, 1974. During this period, operations were conducted
on the A, D, and E lines of the IND and the N line of the BMT.
These routes took the SOACs over the length and breadth of
Manhattan, Brooklyn, Queens, into the Bronx and encompassed
subway, elevated and grade level operations.

Revenue Service Days - 30
Round Trips Scheduled - 123
Round Trips Made ’ - 86
Availability - 70%
Total Passengers (Est.) -~ 100,000
Total Miles - 5,680

Method of Operation

Revenue service commenced on the D line on June 14, 1974,
with service from Stillwell Avenue (Coney Island) to 205th Street
in the Bronx. Hours of operation for the New York demonstration
were roughly 10:00 AM to 4:00 PM and 7:00 PM to 9:00 PM week-
days and Sundays. Trip schedules are presented in Appendix III.

Service was conducted on the N line (Stillwell Avenue
to 57th Street) from June 21 through the 28th. Service on the
A line commenced on June 30, and ended on July 5, with the
SOACs operating out of 207th Street. Some runs went to
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Lefferts Boulevard, and others to Far Rockaway. Service
was conducted on the E line from July 7, through the 1l4th,
with the SOACs operating from 179th Street in Jamaica to
Hudson Terminal. The SOACs returned to Coney Island on
July 15, and completed the New York City operational
evaluatlon with four additional days of revenue service
on the D line from July 16 through the 19th.

Passenger Reaction

SOAC passenger loads on the NYCTA were generally heavy.
SOAC team members handed out literature, answered the many
guestions and made announcements over the PA system to pro-
vide the riders with information on SOAC and the overall
program. Any technical questions were referred to SOAC
team members onboard the train.

The riding public was very enthusiastic about the SOACs
in New York. The interior appointments, improved ride qua-
lity and reduced noise level were readily apparent to the
riders. Because of the lack of air conditioning in a large
percentage of the NYCTA cars, windows are often opened to
provide ventillation. This creates extremely high noise
levels in those cars. Most of the riders found SOAC a wel-
come relief but some complained that SOAC was too gquiet.

They had learned to associate lack of noise with lack of for-
ward motion, which usually meant a delay in reaching their
destination. Most of the riders felt that the interior
app01ntments partlcularly in the low density car, would not
stand up in service on the NYCTA where vandalism is a serious
problem. Many riders felt that the number of handholds pro-
vided for standees was inadequate, particularly at the ends
of the car, and some riders did not like the tinted glass in
the underground environment. A large number of rail fans rode
the cars in Wew York and there were many questions and much
interest in the program.

The four motormen assigned to SOAC in New York were very
enthusiastic about the cars. They made a serious reduest to
be assigned to the program for the duration of the five-city
demonstration. They found the smooth response, fine control
and the automatic speed maintaining system particularly de-
sirable.-

Availability

one hundred twenty three (123) roundtrips were scheduled
during the five week operational evaluation in New York City.
Mechanical and electrical problems caused 37 trips to be can-
celled. Availability was 70%.
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4.4.8 Maintenance

Various problems and failures were encountered in New
York during SOACs first exposure to a true operating environ-
ment. The most serious problem encountered was the third
rail shoe strikes discussed in Sectiocons 4.4.5 and 4.4.6.

600V Diode Installation

The 600V diodes installed to block outward current
flow at each collector shoe were installed in pairs in the
traction motor/chopper cooling air ducts adjacent to each
truck. A 1-5/8" wooden spacer was required around the
18 x 20" duct cut out to provide clearance between the top
of the diode assembly and the top of the duct for the instal-
lation at the No. 2 end. Except for one faulty diode (guality
control problem) on the initial installation, no further
problems were experienced with the diode modification.

pParking Brake Malfunctions

Two wheel/axle sets were changed because of wheel over-
heating as a result of a parking brake hang-up. In each case,
the acoustaflex elastomer surface was blistered. These wheels
were subsequently disassembled and inspected and found to have
retained a satisfactory bond between the elastomer and the
aluminum hub and steel rim. Parking brake hang-ups had been
a continuing problem throughout the SOAC test program at the
Transportation Test Center. Several minor modifications had
been accomplished but the problem persisted. After the ex-
perience in New York, the problem was finally and correctly
diagnosed as a cocking of the hydraulic piston (in the parking
brake actuator) caused by deflection of the axle chevron springs
under the combined load of full service air brake pressure plus
the hydraulic brake pressure. Prior to revenue service opera-
tions in.Boston, a modification was incorporated to wvent the
air brake cylinder when hydraulic pressure was applied. This
modification only affected the No. 1 truck, A side brake cyl-
inders since these wheels are the only ones which have the
parking brake actuators. After this modification, no further
parking hand-ups were experienced throughout the five-city
operational demonstration.

Traction Motor Cable Failures

Three traction motor cable failures were experienced in
New York. This problem had not been previously experienced
during the SOAC test program at the TTC and was to continue
through the demonstration in Cleveland. This problem was gen-
erated by the g forces acting on the cables and relative motion
between the traction motor (resiliently mounted) and the truck.
These variables are both directly related to the quality of
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the track and road bed, two conditions for which the TTC

was not representative.

Various means for securing the

cables were tried in New York without success.

The following is a list of significant maintenance
actions accomplished in New York.

DATE

4-24-74

4~-26-74

4-26-74

4-28-74

4-30-74

5-01-74

5-02-74

5-03-74

5-~-06-74

5-10-74

5~12-74

5-17-74

MAINTENANCE ACTION

Car No. 1 - Replaced two diodes (shorted out) in
M/A exciter field.

Replaced blown 3rd rail collector fuse, No. 1
truck, A side, both cars.

Car No. 1 - Replaced 1l main fuses and 11 trip
fuses in capacitor bank. Replaced blown battery
charger fuse.,

Car No. 2 - Replaced A-1 chopper drawer - blown
thyristors. Repaired + 15 VDC power supply.
Replaced damaged arc chute on K-5 contactor.

Replaced K~5 contactors and rewired in series, both
cars.

Increased cap. bank fuse size to 70 amp, both cars.
Car No. 1 - Repaired PCL power supply in PPCU.
Replaced A-1 and A-2 chopper drawers (A-1 shorted).

Car No. 1 - Replaced damaged wiring in PCU. Re-
placed K-2 main contactors.

Car No. 1 - Repaired PCL power supply.

Ccar No. 2 - Repaired snow brake relay circuit in
PPCU,

Car No. 2 ~ Wheel No. 2A acoustaflex elastomer
surface blistered from overheat resulting from
parking brake hang-up. Replaced wheel/axle set.

Added steel plates to beef-up 3rd rail collectors
after minor cracks developed both cars.

Ccar No. 1 - Wheel No. 1lA acoustaflex elastomer
surface blistered from parking brake hang-up.

Replaced the wheel and reinstalled the wheel/

axle set,

Car No. 2 - Repaired air conditioning relay.
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DATE

5-18-74

5-30~74

6-07-74

6-11-74

6-14-74

6—_17—74

6-19-74

6-20-74

6~24-74

6-26-74

6-29-74
7-=03~74

7-07-74

MAINTENANCE ACTION

Car No. 1 - Replaced both 3rd rail collector fuses
{rail strike).

Car No. 2 - Replaced all cap bank fuses.

Installed diodes for all four 3rd rail collec-
tors, both cars,

Car No. 1 - Replaced 2 chopper thyristors (blown)
and a K-5 drive contactor from rail strike with a
faulty diode.

Car No. 1 - No. 2 end A side lateral shock absorber
car body attachment fitting failed. Made welded
repair.

Car No. 2 - No. 2 air conditioner fan blade assembly
came off and was retained. Repaired and reinstalled.
Replaced blown fuse in lighting inverter.

car No. 1 - No. 2 end A side lateral shock absorber
car body attachment fitting failed. Made welded
repair. Installed gussets on all four lateral
shock absorber fittings, both cars.

Lost one 3rd rail shoe. Replaced.

Car No. 1 -= No. 3 traction motor field cable support
failed, cable abraded on gearbox coupling and shorted

with resultant PDR failure. Replaced the cable and
repaired the PDR.

Car No. 1 - Master controller deadman return spring
failed causing secondary failures of a diode in

the MC console and a load compensation card. Re-
placed all failed components.

Car No. 2 — Replaced 551 P-wire pre-regulator card.

Car No. 2 - Open fleld winding in M/A. 1Installed

spare M/A.

Car No. 2 ~ Diode failed in P-wire circuit. Re-~
placed.

Car No. 2 - No. 2 T/M armature cable failed at
the Williams grip. Replaced cable.
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DATE

7-07-74

7-10-74

7-12-74

7-13-74

7=-14-74

7-16~74

MAINTENANCE ACTION

Ccar No. 1 - No. 1 T/M armature cable 80% failed at
the Williams grip. Trimmed cable end and replaced
the Williams grip connector. Cable fatigue evi-
dently caused by truck-mounted clamp located too
close to T/M. Removed all T/M cables from the
clamps and secured with tie wraps.

Car No. 1 - No. 3 axle flanged coupling retaining
nut lock tabs failed and nut backed off the bull
gear allowing splined connection to separate.
Replaced the wheel/axle/gearbox set.

Car No. 1 - No. 3 traction motor field cable support
failed, cable shorted with resulting PDR failure.,
Replaced the cable and repaired the PDR.

Car No. 2 - Glass in No. 15 door leaf cracked by
passenger, Replaced.

Car No. 2 - Repaired frayed armature cable on No. 4
traction motor.

Car No. 2 - No. 1 truck brakes failed to release.
Cleaned analog wvalve unit.
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4,5 BOSTON

4.5,1 Shipment

The SOAC five-car consist was picked up at the Park-
ville Interchange by a Penn Central locomotive at 10:00 AM
on July 23, 1974 and taken to Oak Point via the Bay Ridge
Branch. The SOACs left Oak Point at 11:00 PM and arrived
at the Penn Central First Street rail yard in South Boston
at 6:00 AM on July 25, 1974, The cars were inspected upon
arrival by Boeing Vertol and MBTA representatives and found
undamaged.

The move onto the MBTA property was accomplished during
the night of the 25th. The SOAC consist minus the boxcar was
taken via Penn Central single track to Butler Street where
the Penn Central track runs alongside the Matapan High Speed
(Trolley) Line. Trolley service was stopped at 9:00 PM and
both tracks were torn up and lined together.

After uncoupling the transition cars, the SOACs were
towed onto the trolley tracks by a diesel Unimog. By 12:30 AM
the trolley tracks were restored and the SOACs were towed over
the trolley line to a switch into the Codman Street yard at
the end of the Ashmont Line. At 1:30 AM a four-car Bluebird
Train coupled up to SOAC No. 1 and towed the cars to the Cabot
Transportation Center. Two crew platforms had to be cut back
before the SOACs could be moved inside the still-to-be-com-
pleted facility. The support car and the two transition cars
were moved to the Penn Central Southampton Street yard for
storage.

Support Car ILocation

Track space was rented from the Penn Central for storage
of the support car and the two transition cars at their South-
ampton Street rail yard. The close proximity of this yard to
the Cabot Transportation Center (also known as the South Bay
Maintenance Center) made for relatively easy access to the
support car for tools and spare parts.

Security

Since the Southampton Street rail yard was open and un-
protected, security services were procured from the Burns
International Detective Agency. Twenty-four hour guard pro-
tection was provided and the gquality of service was adjudged
excellent.

The SOACs were stored inside at all times at Cabot and
security was provided by MBTA. MBTA transit police were also
provided for onboard security during revenue service.
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4,5.2 Car Preparation and Modification

The cars were prepared for operation between July 29
and August 2, 1974. All the routine tasks were accomplished
as noted for the NYCTA demonstration. The 600V diode assem-
blies installed in New York were left in the traction motor
cooling air ducts but were electrically disconnected. All
gearboxes were inspected for loose retaining nuts (see Main-
tenance Section 4.5.8) and improved retaining nut locks in-
stalled. Additional work was accomplished after August 2nd
between test runs. All padded seat inserts in both cars were
replaced with neoprene inserts for improved fire resistance.

Cab Signalling

The principal modification required for running on the
Cambridge-Dorchester (Red) Line in Boston was installation
of cab signalling eguipment. The equipment was supplied and
packaged by the MBTA under contract and was functionally
checked out at the Transportation Test Center during the pre-
demo test program. Reinstallation at Boston consisted of
attaching a signal receiver coil beam assembly to-the front
of the No. 1 truck of each car and mounting the signal de-
coder relay in the ATO cabinet of each cab along with the
appropriate electrical connections.

The MBTA utilizes a General Railway Signal Company (GRS)
system which employs two carrier frequencies and four code
rates as shown in Table 4-5. The SOAC ATO console provides
an ATO/MANUAL selector button and a lighted display of the
signals received from the track circuits. A brake warning
signal is displayed with a flashing red light. The SOAC pro-
pulsion control system responds to the signals by accelerating,
decelerating or maintaining the speed of the train as called
- for by the signals. The system responds to a loss of signal
by applying full service brake.

Communications

No radio installation was required. Train-to-wayside
communications were accomplished with a hand-held radio in
each cab as requested by MBTA. There were no problems with
this approach.

4,5,3 Briefings and Training

MBTA gave a safety and operational procedures briefing
to the SOAC team on July 31. The SOAC orientation and train-
ing presentation was given to MBTA operations and maintenance
personnel on August lst. A SOAC briefing was given to MBTA
management personnel on August 2nd.

63






Five MBTA motor instructors were assigned as SOQAC
motormen for the Boston demonstration. Operator training
was accomplished during the clearance, test and ATQO check-
out runs. These men were extremely competent and contri-~
buted a great deal to the success of the SOAC operational
demonstration in Boston.

4.5.4 Route Description

The Cambridge-Dorchester Line (Figure 4-4) was selected
for the SOAC operational demonstration in Boston. The MBTA
has four rail rapid transit lines color coded and known as
the Red, Blue, Orange and Green Lines. The Cambridge-
Dorchester Red Line incorporates the South Shore service
and is the only one of the four capable of handling 70 to
75 ft. cars. The line runs from Harvard Station in Cambridge
to Andrew Station in South Boston and from there, the line
branches to provide service to Ashmont or service to Quincy
Center. The SOAC schedule was set up to alternate two days
of Quincy service and two days of Ashmont service. On Sun-
days and holidays, SOAC ran Ashmont service in the morning
and Quincy service in the afternoon.

The Harvard-Ashmont route is 9 miles long with 14 sta-
tions, while the Harvard-Quincy route is 11.8 miles long with
12 stations. Running time is 22 minutes to Ashmont and 23
minutes to Quincy. MBTA uses Automatic Car Identification
(ACI) panels to automatically set the route for Ashmont and
Quincy trains leaving Andrew southbound. This function was
handled verbally via radio for SOAC.

Wayside signals with track trips are used on all portions
of the Red Line except the South Shore Line where cab signal-
ling is employed. The maximum allowable speed with wayside
signals is 50 mph. The cab signals call for speeds of 10, 40,
50, 65 and 70 mph on the South Shore Line, but the MBTA cars
are limited to 50 mph by edict of the Massachusetts Department
of Public Utilities. This is accomplished by feeding the de-
coder relay outputs for 50, 65 and 70 into the 50 mph propul-
sion control circuit. SOAC was not restricted to 50 mph for
test runs or the VIP runs. Revenue service on the SOAC was
initially restricted to 50 mph and then the restriction was
lifted to permit 70 mph passenger service for the first time
on the MBTA.

4.5.5 Testing
Both cars were powered and all systems functionally

checked on August 2nd. The cars were then coupled and opera-
ted in forward and reverse inside the barn.
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The initial no-load clearance run on the Red Line was
made between 3:50 AM and 5:00 AM on August 3rd. Clearances
of 1 to 2 inches were observed on several platforms and con-
tact was made with a signal platform going into the No. 1
pocket at Harvard Station. Contact occurred on SOAC No. 1
at the No. 2 door scuff plate, B side with no discernible
damage. A tripcock airline failure on SOAC No. 2 caused
an emergency brake application which resulted in 2-inch
wheel flats on axles 1 and 2 of SOAC No. 1

Car No. 2 was ballasted with 30,000 lbs. of sand bags
on August 3 and 120,000 1lb. clearance runs were conducted
between 1:00 AM and 4:00 AM on August 4, 7 and 8. No addi-
tional clearance problems were encountered.

The test instrumentation recording console was installed
and a data run was made on August 9. Excessive lateral sway
was noted and the effects of wheel flats were noticeable in
ride quality and noise levels. BAll wheels were cut approxi-
mately .200" on August 13 using the MBTA Stanray Wheel Truing
Machine and the lateral shock absorbers settings were in-
creased from 50% to 75%. Another data run was made on August
13 between 10:00 PM and 2:00 AM. Ride quality was much im-
proved with a slightly harder ride and much less lateral sway.
An improvement was also noted in the car-to-platform clearances
when entering and leaving stations. An undesirable vibration
was noted in both cars at 70 mph on the Quincy Line, particu-
larly in the cab of Car No. l. This was later determined to
have been caused by an out-of-round condition generated by
improper wheel truing. A new wheel flat was picked up on
No. 3 axle of Car No. 1 during this run and additional small
flats were sustained on all wheels when the operator used the
emergency brake to stop the train from 3 mph upon returning
to the barn.

Bolt, Beranek & Newman, under contract to the DOT Trans-
portation Systems Center (TSC) to evaluate wheel squeal,
installed two accelerometers and an axle-mounted FM transmitter
on August 14 and wheel squeal data was taken that night at the
Quincy Center crossover and on the curve entering South Station.
Wayside noise data was also taken at a location between Andrew
and North Quincy, but wheel flats were audible. Wheel grinding
was accomplished in the yard at Cabot with abrasive brake shoes
on August 15th.

Test runs were conducted on the 15th and 16th for final
checkout of Automatic Train Operation (ATO) using the cab
signalling equipment. The only problem encountered on the
MBTA South Shore Line (Andrew to Quincy) was associated with
loss of signal or weak signals, which would initiate a brake
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warning light and brake command. A five-second delay was
added to the brake warning light circuit to eliminate brake
applications when crossing track circuit bonds. This modi-
fication plus a general upgrading of signal strengths by
MBTA eliminated the problem at all but one particular loca-
tion. The SOAC ATO checkout proved beneficial to the MBTA
by pinpointing some of their signal equipment which was not
up to specification and had been intermittently affecting
their own operations. This was facilitated by the SOAC cab
signalling~to~propulsion system interface design which made
it possible to isolate signal problems from propulsion system
response problems.

4.,5.6 VIP Ceremonies

The cars were cleaned inside and out on August l6th and
17th in preparation for the VIP ceremonies. An open house at
Cabot Center was held on the 18th for MBTA personnel and their
families, followed by a demonstration run to Quincy Center and
back. After this run, the train was taken to the Elliot Yard
overnight to be in a good location for the VIP run the follow-
ing day.

The SOAC inaugural ceremonies were held at Park Street
Station on August 19th. The inaugural run carried the VIP
contingent to Quincy Center, the terminus of the South Shore
Line and back to Park Street. The SOACs returned to Elliot
vYard for the night prior to starting revenue service.

Approximately 300 invited guests were present for the
SOAC inaugural in Boston, including Governor Sargent and UMTA
Administrator Herringer. Speeds up to 70 mph were demonstra-
ted during the inaugural with the approval of the Massachusetts
Department of Public Utilities. Three TV news teams, as well
as teams from all Boston newspapers, covered the event.

4,5.7 Revenue Service

Summary

Revenue service on the MBTA was conducted during the
period of August 20th to September 13, 1974. During this
period, approval to operate the SOACs at 70 mph on the South
Shore Line under ATO was granted by the Massachusetts Depart-
ment of Public Utilities. Of 14 full or partial days involv-
ing South Shore service, 7 were operated at the 70 mph limit.

Revenue Service Days - 22

Miles Per Day - 167/212 (dependent upon route}
Round Trips Scheduled - 178

Round Trips Made - 176.25
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Availability - 99%
Total Passengers (Est.) - 125,000
Total Miles - 4,730

Method of Operation

Revenue service commenced on August 20 with service to
Quincy. Hours of operation for the MBTA demonstration were
9:30 AM to 3:00 PM and 6:00 PM to 9:00 PM weekdays and 9:10 AM
to 12:40 PM and 1:48 PM to 8:10 PM Sundays and holidays. The
SOACs operated six days a week with Saturdays off. Day and
trip schedules are presented in Appendix III.

SOAC team day-~shift personnel powered the train each
morning at 8:15 AM in the barn at Cabot Center with €00V
"bugs” clipped on the third rail shoes. At 8:30 AM the
train moved out onto the pocket track connecting Cabot
Center to the main line. Since Cabot was not yet operational
the yard and pocket track had to be powered each morning and
evening for SOAC movements,

At approximately 9:00 AM SOAC would be admitted to the
main line near the Ashmont-Quincy junction and proceed south-
bound to Ashmont or Quincy {(according. to the schedule for the
day) picking up passengers enroute. The first scheduled run
each day departed Ashmont at 9:33 AM or Quincy at 9:37 AM.

At 3:00 PM each weekday the SOACs were taken out of
service and laid up at Quincy or Ashmont (Codman Yard) over
the rush-hour period. At 5:30 PM the SOAC team second shift
personnel powered the train and departed Ashmont at 6:04 PM
or Quincy at 5:54 PM for the evening runs. On the last trip
of the evening, departing Harvard at 8:35 PM (Quincy service)
or 8:45 PM (Ashmont service), all passengers were unloaded at
Park Street and the SOACs returned to Cabot Center. Daily
maintenance items were accomplished by the SOAC team second
shift personnel between 9:00 PM and 12:00 PM each evening.

Sunday and holiday operation ran straight through from
9:10 AM to 8:10 PM with a one-hour layover at Harvard at noon.
The morning service was Ashmont and the afternoon and evening
service was Quincy.

Passenger Reaction

SOAC passenger loads on the MBTA ran moderate to heavy.
Any questions of a technical nature were referred to SOAC
team members onboard the train. The SOACs were very well re-
ceived by the MBTA riding public with much interest and many
questions and comments. On two occasions, the train was
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applauded by people waiting on the platform at Park Street
when the train pulled into the station. Announcements were
made over the PA system onboard the train generally four
times on each roundtrip to provide the riders with infor-
mation on SOAC and the purpose of the program. These
announcements were made by the SOAC team leader for that
particular shift.

The most frequent criticisms were "Not enough hand-
holds" and "Not enough windows". Many people missed the
overhead straps and handrails. The most fregquent guestions
were "When are we going to get them?", "Will the fares go
up?", and "How much does it cost?" Many passengers felt
that the low density car was too plush for a subway car.
Although less comfortable, the high density car handled
high passenger volumes better than the low density car by
providing easier ingress and egress. This was a design
feature of this interior arrangement.

The MBTA motor-instructors were equally as enthusias-
tic about SOAC as their New York counterparts. They liked
the ease of control, smoothness of acceleration and decelera-
tion and above all, the automatic speed maintaining system
and automatic train operation (ATO). With respect to the cab
layout, they felt the cab was somewhat cramped and they did
not like having the 600 V relay panel behind the motorman.

Special Trips

Two Sunday operations were conducted for the Jimmy Fund,
a well known charitable organization in Boston dedicated to
research on diseases afflicting children. The first Jimmy
Fund Day was August 25th with four roundtrips from Quincy to
Harvard. The second Jimmy Fund operation was conducted on
September 14th for two rail fan groups. One group attended
in the morning and one in the afternoon. Each group was given
a trip from Quincy to Harvard to Ashmont to Harvard to Quincy
with two photo stops.

Availability

Three mechanical failures were experienced (See Section
4.5.8 Maintenance) which resulted in cancellation of 1.75 trips.
A total of 178 trips was scheduled. Availability was 99%.

4,5.8 Maintenance

During the move onto the MBTA property on July 25th, a
clanking noise was noted in the No. 1 gearbox of Car No. 2.
Inspection revealed that the internal retaining nut lock had
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failed and the nut had backed off. This had occurred on a
gearbox just before leaving New York so all gearboxes were
inspected and redesigned nut locks were installed. This
was completed on August 2Z2nd.

Wheel flats were experienced as a result of inadvertent
and/or unnecessary emergency brake applications. After cut-
ting the wheels on a Stanray Wheel Truing Machine, an unde-
sirable vibration was evident near 40 and 70 mph, particularly
in the cab of Car No. 1. Wheel concentricity measurements
were subsequently taken and the wheels on axles No. 1 and 4
of Car No. 1 were found to be out—-of-round by approximately
.025 ~ .035". On September 1l4th after the completion of the
revenue service demonstration, the wheels on axles 1 and 4
were recut and concentricity again measured. The out-of-
round condition was reduced to .007 - .013", A test run on
September 16 showed the vibration to be reduced 50%
(gualitatively). '

The following is a list of significant maintenance
actions accomplished in Boston.

DATE - MAINTENANCE ACTION

B8-02-74 Completed axle/gearbox coupling inspection and
installed modified retaining nut locks, both
cars.

8-03-~74 Car No. 2 - Truck No. 2, trip-cock airline
failed. Repaired.

8-06-74 Three third rail shoes and one current collector
broken on a piece of yard third rail with no
ramp. Replaced shoes and collector assembly,
Car No. 1 - Repaired windshield defroster.

8-09-74 Car No. 2 = Truck No. 1, EP valve leaking.
Replaced.

8-12-74 Car No. 2 - Completed seat pad changeout.

8-13-74 Completed beef-up of horizontal shock absorber
mounting posts, both cars. Completed wheel
cutting, both cars.

8-14-74 Completed handbrake mods to release air pressure
when hydraulic pressure is applied, both cars.
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DATE

8~15~74

8-28-74

8-30-74

9-01-74

9-14-74

MAINTENANCE ACTION

Car No. 1 - Completed seat pad changeout. Noted
slip-slide indications without slip or slide.
Ground all wheels with abrasive brake shoes, both
cars.

Car No. 2 - Motor No. 2, broken field cable and
resultant PDR failure. Replaced cable and re-

paired PDR.

Car No. 1 - Moctor No. 4, broken field cable and
resultant PDR failure. Replaced cable and re-

paired PDR.

Car No. 2 - Truck No. 1, field reversing relay
failure. Rebuilt relay.

Ccar No. 1 - Re-cut wheels on axle No. 1 and 4.
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4.6 CLEVELAND

4.6.,1 Shipment

The SOAC five—-car consist left the First Street Rail Yard
in South Boston at 9:00 AM, September 20, 1974 on the Penn
Central and arrived at the Collinwood Yard in Cleveland the
night of the 2lst. The cars were moved to the Cloggvile
interchange at 8:00 AM, September 22, 1974 for pickup by the
Norfolk and Western (N&W), arriving at the NsW 55th Street
Rail vard at noon. The cars were moved to the Shaker Heights
49th Street siding at 8:00 AM on September 23, 1974, where a
cleveland Transit System (CTS) airporter hooked up to SOAC
No. 1 using the SOAC/CTS towbar. The airporter pulled the
SOAC's onto the rapid transit line and then pushed them to
Cleveland Union Terminal (westbound). At the Terminal, the
Airporter moved around behind SOAC No. 2, the towbar was
hooked up, and the SOAC's were pushed eastbound to the
Windermere Yard. Upon arrival at Windermere, the cars were
inspected for damage by Boeing Vertol and CTS representatives.
A few small dents were noted as a result of stones thrown by
vandals as the train left South Boston.

Support Car Location

Track space was rented from the NeW for storage of the
support car and the two transition cars at their Mayfield
team track. This location is adjacent to the rapid transit
station at 120th and Euclid and only two stops away from
the Windermere Yard.

Security

Security services were arranged to provide twenty-four
hour guard protection for the support car and also protection
for the S0OAC's outside at Windermere. SOAC coverage was
basically 4:00 PM to 8:00 AM on weekdays and twenty-four hours
on weekends and holidays.

CTS could not provide transit police for onboard secur-
ity during revenue service, having a total of only three
people in that category. 1In order to obtain armed and ex-
perienced security personnel onboard the train, arrangements
were made with the Cleveland police department to hire off-
duty, uniformed police. The police department handled the
administrative tasks associated with the SOAC duty roster.
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4.6,2 Car Preparation and Modification

The SOAC's were prepared for operation between Septem-—
ber 30, 1974 and October 5, 1974. All the routine tasks
were accomplished as noted for the NYCTA demonstration, ex-
cept that the third-rail current collector assemblies were
not installed,

Several configuration changes were necessary for opera-
tion on the Cleveland Transit System. These included a floor
height adjustment, trip cock relocation, cab signalling
changes and installation of pantographs, door sill extensions,
fare boxes and radios.

Floor Height Adjustment

SOAC was designed with provisions for floor height
adjustment to accommodate variations in platform height at
the demonstration sites. A comparison of platform and car
floor heights at the five transit properties is presented in
Table 4-3.

. Operation in Cleveland required that the SOAC floor
height be decreased from 3' 10 1/2" (maximum) to 3' 5 1/2"
(minimum) . 'This entailed jacking both cars and removing
both height adjusting spacers, the 2" spacers between the
airbag and the body bolster and the 3" spacers between the
truck and the truck bolster. Since the CTS jacking equip-
ment was not compatible with the SOAC, a pair of high-capa-
city hydrualic jacks with pump and manifold was rented loc-
ally and each car was jacked one end at a time. Removal of
the 2" spacers between the airbag and the body bolster also
makes it necessary to reposition all vertical and lateral
shock absorbers and the bolster anchor rods. These items are
provided with two mounting locations.

The 600V diode assembly installation required for opera-
tion in New York was not compatible with the minimum floor
height position required for Cleveland. Because of a clear-
ance problem with the No. 2 truck it was necessary to remove
the No. 2 end diode assembly from the propulsion system cool-
ing duct and install a cover plate. The No. 1 end diode
assembly was left installed and disconnected, as configured
for Boston.

Pantograph Installation

Power for the CTS system is supplied from an overhead
catenary and represented the first requirement for SOAC
to operate with pantographs. The pantographs had been
installed and functionally checked for operation at
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Pueblo during the pre-demonstration test program but had
never operated against an overhead wire to power the cars.
The pantographs were installed in the Windermere Shop using
the CTS pantograph hoist and loft facilities. After in-
stallation, the pantographs were functionally checked for
proper operation, lubricated and checked for spring tension.
Initial spring tension settings were 18-19 lbs, which was
the same as the CTS settings.

Trip Cock Relocation

A trip cock modification was required to relocate the
trip cocks for proper alignment with the CTS track trips.
A mounting plate was installed to allow the trip cock to be
moved 7 inches outboard. The piping was modified to suit.

Door Sill Extensions

Since the SOAC is approximately 9 inches narrower than
the CTS airporters, door sill extensions were designed and
fabricated for SOAC to prevent people from accidentally
stumbling when crossing between the car and the platform
during the Cleveland demonstration.

The mounting holes and riv-nuts were installed below
the thresholds before the cars left Boston. The sill exten-
sions, measuring 4 5/8" per side, were installed before the
first clearance run and gave the SOAC's a width over the
thresholds of 10' 5" as compared to 10' 4 1/2" for the air-
porters.

Fare Boxes

The CTS uses onboard fare collection between the hours
of 10:00 AM and 2:00 PM. They provided two fare boxes, one
for each car which they mounted by clamping to the forward
windscreen stanchion of the No. 1, "A" side door. This
arrangement allowed the fare collector to sit on the "A" side
bench seat between the No. 1 "A" side door and the cab.

Cab Signalling

The MBTA cab signalling equipment required some minor
modifications for use on the CTS. Both properties utilize
GRS equipment, frequencies and code rates, with the primary
differences being that CTS only uses one carrier freguency
and substitutes a 75 cycle code rate for the 120 cycle code
rate as shown in Table 4-6. CTS signalling personnel made
the necessary changes.
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TABLE 4-6 CTS CAB SIGNALLING FREQUENCIES AND CODE RATES

CARRIER FREQUENCY 4550 Hz

CODE SPEED COMMAND

Steady energy Stop and proceed command *
HO energy Stop and proceed command %

75 code 15 mph speed command

180 code 35 mph speed command

270 code 65 mph speed command
410 code Cut out cab signal command *#
NOTES: * This command permits operation at a maximum of

15 mph, following a stop.
*% This command cuts out cab signals and permits

operation under wayside signal and mechanical
trip stop control.

Communications

CTS provided two bus radios and accomplished the instal-
lation. The 12 volt power source was obtained by a tap off
the SOAC 37 volt battery power supply. The transceiver and
hand set were mounted on the forward bulkhead of each cab;
the transceiver below the parking brake and the hand set
below the left hand edge of the motorman's console. The
antenna was mounted in the roof at the No. 1 end of each car.

4,6.3 Briefings and Training

: A SOAC briefing was given to CTS management at 1404 E.
9th Street on October 2, 1974. The orientation and training
presentation was given to operations and maintenance per-
sonnel at Hayden Garage on QOctober 3, 1974.

Three inspector ~ instructors were trained as SOAC
operators during the clearance, test and ATQO checkout runs.
One of the these men was assigned to SQAC full time and was
in the cab whenever SOAC was on the line. Regular motormen
were utilized during revenue service, receiving on-the-job
training from the supervising instructor. Approximately ten
motormen were utilized, with five doing the bulk of the driving.
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4,.6.4 Route Description

, The CTS has one rail rapid transit line (Figure 4-6)
which runs basically south west to north east from Cleveland
Hopkins Airport to Windermere in East Cleveland. The line

is 19 miles long with 18 stations. (leveland Union Terminal
is the downtown terminus with 8 stations on the East Side and
9 stations on the West Side. The entire line is at grade
level with power supplied from overhead catenary. Running
time is 36 minutes, 15 minutes on the East Side and 21 minutes
on the West Side.

Wayside signals with track trips are used on all portions
of the line except the western end from West Park to the air-
port where cab signalling is employed. The cab signals call
for speeds of 15, 35 and 65 mph in cab signalling territory,
but CTS has a 58 mph speed limit on the line because of track
condition and all CTS cars have speed governors set to 58 mph.
The SOAC speed maintaining system was set up to provide 55 mph
in response to the 65 mph cab signal command.

4.6.5 Testing

SOAC No. 2 was powered and operated in the yard with the
pantograph for the first time on October 3, 1974. O©On October
4th, after functional checkout of Car No. 1, both cars were
coupled and operated in forward and reverse in the yard with
no problems.

The initial no-load clearance run over the line was made
between 12:40 AM and 5:30 AM on October 6, 1974. With the door
sill extensions installed, some station platforms were quite
tight; many 1" clearances were noted and two platforms had
only 3/4" clearance. The lateral clearance problem was allev-
iated by vertical clearances running mostly from 1 to 3" above
the station platforms. All turnouts and spurs and most cross-
overs were checked in case SOAC had to be taken off the line
because of a breakdown. A clearance of 1/2" was noted between
No. 2 and 3 door sills and an iron railing when leaving the
West Park spur eastbound.

Additional check runs at light weight were made on the
7th and 8th. A recheck of the platform clearance at East
120th and Euclid showed zero lateral clearance and 3/4" verti-
cal clearance above the platform. CTS agreed to cut this
platform back.

At this point CTS expressed concern about mismatch be~
tween the SOAC door sills and the platforms at many of the
stations. Vertical clearances ranged from zero to 5 inches
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above the platforms and lateral clearances ranged from zero
to 3 inches. It was agreed that toe plates extending 3 to
4 inches below the outer lip of the door sills would pre-
vent passengers' feet from slipping beneath the door sills
when boarding the train. Since this fix was not compatible
with the Iateral clearance problem at mid-car (due to the
overhang of the 75 ft. SOAC's), it was agreed that the
SOAC's would be operated with the No. 2 and 3 doors locked
out on both sides of the car and the door sills removed
from these doors. This was consistent with the CTS opera-
tion since their cars have only two doors per side and on-
board fare collection between 10:00 AM and 2:00 PM redquires
the use of one door only. Wooden 2 x 4's were attached to
the outer edge of the door sills for toe plates and were
painted silver to match the door sills. This installation
proved quite satisfactory and there were no problems in
revenue service.

The propulsion aspects of pantograph operation were
satisfactory on the initial test runs, but excessive arcing
and pitting of the rub strips was noted under maximum current
draw. Pantograph spring tension was increased from 19 to 21
lbs. A check run on October 9, 1974 showed the arcing to be
less pronounced at the higher spring tension, and it was
noted that the arcing was always on the trailing pantograph,
regardless of train direction of travel. The placement of
the SOAC pantographs back-to-back on the No. 2 ends of the
cars is evidently a factor in the amount of arcing generated.
No further adjustments were made to the pantographs during
the Cleveland demonstration.

Car No. 2 was ballasted with 30,000 lbs. of sand bags
on October 10, 1974 and the 120,000 lb. clearance run was
conducted between 1:00 AM and 4:00 AM on October 11, 1974.
Marker plates were installed to replace the door sills re-
moved from the No. 2 and 3 doors on both cars. Car floor
height at 120,000 lbs. proved to be approximately 3/4 inch
lower than at light car weight. The marker plates indicated
1/8 inch lateral clearance level with the platform at 120th
and Euclid, even after the platform had been cut back. If
the SOAC's were to be operated with door sills at all doors,
this platform would have to be cut back a minimum of 1 inch
over a span of 15 ft. wWith door sills at the front and rear
doors only, clearances were satisfactory over the entire line
at the 120,000 lbs. weight. Clearances generally ran 1 to 3
inches with a minimum of 3/4 inch.,

The instrumentation console was installed in Car No. 2
on October 16, 1974 and two data runs were made between
10:00 PM and 4:00 AM that night. One set of data was taken
with the 50% lateral shock absorber settings used in New York
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and the data was repeated with the 75% settings used in
Boston and Cleveland. Wayside and interior noise levels
were measured.

Test runs were conducted on October 17th and 1l8th,
1974 for operator training and ATO checkout. The only
problem encountered with the cab signalling (ATO) was the
same loss of signal problem encountered in Boston. The
five-second delay between loss of signal and brake applica-
tion which solved the Boston problem was not adequate for
the CTS operation. Four thousand microfarods of capacitance
and 560 ohms of resistance were added to the F-carrier relay
circuit to hold the relay in while crossing the track circuit
bonds. This modification was checked out on October 20, 1974
during the day run for the VIP inaugural run and found to be
satisfactory.

4.6.6 VIP Ceremonies

The cars were cleaned inside and out on October 18th
and 19th, 1974 in preparation for the VIP ceremonies. A round-
trip dry run was conducted on October 20, 1974. Inspection of
the cars following this run disclosed that SOAC No. 2 wheel
No. 2A had suffered an unbonding of the resilient material in
the threads between the hub and the rim (See Maintenance,
Section 4.6.8).

The SOAC inaugural ceremonies were held in Public Square
across from Cleveland Union Terminal (CUT) on October 21, 1974
as scheduled. SOAC No. 2 was uncoupled and SOAC No. 1 was
run in reverse from Windermere to CUT where approximately 100
invited guests boarded the car for the inaugural run to Univer-
sity Circle. A full service brake application from 50 mph and
a maximum acceleration from a standing start were demonstrated.
The VIP contingent disembarked at University Circle where they
were picked up by a 2-car Airporter for the return trip to CUT.

4.6,7 Revenue Service

Summary

Revenue service on the CTS was conducted from QOctober 25th
through November lst, 1974 and November 22nd through December
1oth, 1974. After 6 days of operation in passenger service,
the SOAC's were taken out of service for three weeks for a
wheel/axle problem which required a wheel retention modifica-
tion (See Maintenance, Section 4.6.8). Two full weeks of
revenue service were accomplished after their return to
service on November 22, 1974. Availability was calculated for
the three weeks of revenue service.
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Revenue Service Days - 15

Miles Per Day - 272
Round Trips Scheduled - 96.5
Round Trips Made - 84.75
Availability - 88%
Total Passengers (Est.) - 20,000
Total Miles -~ 4,217

Method of Operation

The hours of operation for the SOAC operational evalua- -
tion on the CTS were 8:30 AM to 6:30 PM, five days a week.
There was no operation on Saturdays, Sundays or over the
four day Thanksgiving Holiday. Six round trips from Windermere
to the airport plus one round trip to Public Square were sche-
duled each day. Day and trip schedules are presented in
Appendix III.

SOAC team first shift personnel powered the train each
morning at 8:10 AM. At 8:20 AM the train moved out through
the switch at the west end of the yard westbound on the east-
bound track. The operator then changed ends and moved back
into the Windermere station. The normal flow of traffic
from the yard onto the line is around a loop at the east end
of the yard into the station heading west. The radius of the
loop is 131.5 ft. which was too tight for the SOAC's, particu-
larly at the minimum floor height.

At 10:00 AM each morning, two fare collectors boarded
the train to collect fares in the fare box until 2:00 PM.
During these hours, the rear doors were locked out leaving
only the front doors in each car for passenger boarding and
egress. The exceptions to this were Windermere, Cleveland
Union Terminal and the airport, where fares are collected in
the station all day long. When entering these stations, the
applicable rear doors were unlocked for passenger convenience.
After leaving these stations the rear doors were again locked
out. As stated earlier, the No. 2 and No. 3 doors were not
used during revenue service in Cleveland (See Section 4.6.5),.
CTS uses flashing white lights at each station to tell the
operator when he is required to collect fares on the train.

At 2:30 PM each day the SOAC team second shift personnel
took over for the remainder of the day's running and the daily
maintenance. The shift change was accomplished each day at
Windermere station prior to the 2:36 PM departure.

It was found that the SOAC's were losing time at each
- station because of the 4-second time delay between the door
warning chime and the decor closure. The door time delay re-
lay was adjusted to cut the time delay to 2-~seconds, which
proved beneficial for the CTS operation.
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Passenger Reaction

SOAC passenger loads on the CTS were generally light

except for the late afternoon runs. As in the other cities,
a hostess was employed to hand out literature and answer
general questions. The SOAC's were well received by the
riding public, but with somewhat less interest than was dis-
played in New York and Boston. Passengers using the "Rapid"
to get to or from the airport generally displayed the most -
interest in the project. Announcements were made over the

P:A. system by the SOAC team leader to provide the riders w1th
information on SOAC and the purpose of the program.

As in the other cities, the riding public was impressed
with the quietness and smoothness of the ride on SOAC. CTS
management personnel commented that SOAC was the "best riding
car" they had seen, :

The low density car however, was the star of the show
in Cleveland. This is understandable in an operation where
the entire route is at grade level with longer distances be=-
tween stations, similar to many commuter rail lines. The two
tables were used occasionally for crossword puzzles and at
least one Clevelander addressed his Christmas cards while in-
bound from the airport. Most of the passengers travelling
to the city from the airport were noticeably impressed by the
interior appointments of the low density car.

The most frequent criticisms again were "Not enough hand-
holds" and "Not enough windows", only this time the emphasis
was on the windows. The Clevelanders were also critical of
the seats in the high density car. They commented that the
seats were too narrow and too short from front to back. These
comments are understandable when viewed in light of the fact
that all CTS cars have padded, upholstered seats of ample
proportions.

Special Trips

One special trip was conducted on Saturday, November 2,
1974 for the Detroit Engineering Society and railfans from
the Midwest Chapter of this National Railway Historical Society.
Inspection of the cars just prior to this trip disclosed that
wheel No. 3A of Car No. 1 had moved outboard on the axle and
was out of gauge tolerance. Car No. 1 was uncoupled and Car
No. 2 was used for the trip from Windermere to the airport and
back. Car No. 1 was used for a walk- through at Windermere
after the trip.
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aAvailability

No trips were missed during the first six days of
revenue service prior to the layup for the wheel retention
modification. During the two weeks of revenue service
after the layup, two mechanical failures, one electrical
failure and one electrical problem (See Maintenance,
Section 4.6.8) caused SOAC to miss 11 3/4 scheduled trips.
A total of 96.5 trips was scheduled during this period.
Availability was 88%.

4.6.8 Maintenance

Wheels

The major maintenance problems in Cleveland were assoc-—
iated primarily with wheels and axles. The first problem was
encountered on October 21, 1974 when Acoustaflex wheel S/N
02v607 was found with torn elastomer on both sides and all
electrical bonding wires torn loose. Inspection disclosed
that the steel rim and tire had rotated approximately 60° on
the aluminum hub and had moved approximately 0.10" laterally
as it unthreaded. The wheel was sectioned at the vendor's
plant and showed very little bond between the elastomer and
the aluminum threads on the hub. A good bond was evident be-
tween the elastomer and the steel threads of the rim. The
vendor advised that machine controlled degreasing and priming
had been introduced since the original SOAC wheel fabrication
and that all new wheels should have an adeguate bond between
the elastomer and the steel and aluminum threads. The wheel/
axle set was replaced with a spare set incorporating 2 new
wheels fabricated under the new process controls. A twice
daily wheel inspection was instigated on SOAC as a result of
this failure. '

On November 2, 1974, wheel S/N 02V11l6 (No. 3A on Car
No. 1) was found to have moved approximately 5/8" outboard
on the axle. Measurements taken between the journal bearing
shoulder and the inside hub face showed 8 other wheels had
moved outboard from .008" to .l51" (see maintenance action
entry for November 2, 1974). Wheel S/N 02V1116 was pressed
off axle S/N 2C200, the wheel bore and axle diameter measured,
the mating surfaces cleaned up and the wheel repressed on the
axle. The recorded press tonnage was only 26 tons, well be-
low the minimum specified 50 tons, so the wheel axle set was
returned to the vendor for reassembly with two new wheels.
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Wheel S/N 02v610 (No. 2A on Car No. 1) which had moved
.151" was pressed back against the journal bearing with a re-
corded tonnage of 60 tons. All other wheels were left in
position. Axle end caps were designed, fabricated and in-
stalled to preclude any wheel-axle separations. The axles
were drilled and tapped with 3 holes for 5/8" bolts using an
axle center pilot, base plate and a magnetic drill base.
Shims were used to position the end caps so that a gap of
.030%~- .060"existed between the cap and the wheel to act as
an indicator of any additional wheel movement. After 2000
additional miles, wheel No. 2B (S/N 04T3177) on Car No. 2 had
moved .030" outboard to rest against the cap. This wheel had
been tight against the journal bearing when the end cap was
installed.

Oon November 23, 1974 wheel No. lA (S/N 04T3168) on Car
No. 1 was found to have torn elastomer on the inside but not
on the outside. WVisual inspection disclosed that the steel tire
had rotated approximately 1.5 inches on the steel rim., There
was no failure of the elastomer bond between the rim and the
hub; the torn elastomer was caused by the filler on the inside
face adhering to the retaining ring which is attached to the
tire. All resilient action takes place between the rim and
the hub.

The tire on wheel S/N 04T3168 rotated another 0.6" during
the next 120 miles and then remained in this position for an-
other 424 miles. The vendor then drilled and pinned the tire
to the rim to prevent any further rotation. Six equally spaced
1/4" steel dowel pins were inserted parallel to the axle and
bisecting the parting line between the two mating surfaces.

The movement of the aluminum wheel hubs on the steel
axles in Cleveland is believed to have been caused in part by
an extremely tight guard rail condition on an S-curve approxi-
mately 1/4 mile west of the West 98th Street Station. SOAC
exhibited a pronounced wheel chatter when negotiating this
curve at any speed in excess of 10 mph. External observation
disclosed that the outboard wheel flanges were climbing the
rail and that the car was being restrained by contact between
the guard rail and the back side of the inboard wheel flanges.
The guard rail at this location is 1 1/2 to 1 5/8 inches from
the running rail and is well worn with a highly polished con-
tact surface. The CTS Airporter Cars, which have a shorter
wheel base and a shorter distance between truck centers, were
able to negotiate this curve at speeds of approximately 25 mph.
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Traction Motor Cables

Traction motor cable problems resulted in the repair or
replacement of 2 field or armature cables. 1In 8 of the 9
cases, the problem was embrittled and broken strands at the
crimped connection to the Williams connector lug, apparently
caused by mechanical fatigue. One field cable failed in
service with a resultant failure of the phase delay rectifier
(PDR) in the motor field power supply. HNon-availability of
spare thyristors for the PDR caused SOAC to miss all 6 1/2
trips the following day. This same failure occurred twice in
New York and Boston with resultant PDR failures. The problem
was recognized as cable fatigue caused by relative motion be-
tween the shock mounted traction motor and the truck mounted
cables. A clamp was designed to provide support for all four
cables on each motor approximately 6 to 8 inches back from
the connector block. Parts for this modification were not
available prior to the SOAC departure from Cleveland.

Shock Absorber Mounts

Three lateral shock absorber car body attachment fit-
tings failed on Car No. 2 during the fifth trip on December 4,
1974. Gussets had been previously installed on ‘the tubular
mount after all four fittings failed on Car No. 1 in New York.
Diagonal steel braces were designed and fabricated for instal-
lation in Chicago. Welded repairs were accomplished in
Cleveland, to serve until the modification could be accomplished.

Gearbox

A persistent false spin-slide and speed fault indication
problem was solved in Cleveland when investigation disclosed
that 60% of one gear tooth had broken off the pinion drive
gear in the No. 1 gearbox of Car No. 1. Since the spin-slide
detector counts teeth on the pinion gear, false signals were
generated. The gearbox was replaced with a spare unit. In-
spection of input pinion gears on all installed gearboxes
showed no other failures.
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DATE

10-19-74

10-21-74

10-26-74

10-28-74

10-29-74

11-02-74

11-02-74

11-02-74

11-03-74

MAINTENANCE ACTION

Car No. 2 - Replaced blown fuse in battery
charger.

Car No. 2, wheel No. 2A, acoustaflex elastomer
unbonded and the rim rotated approximately 60°
on the hub. Replaced wheel axle set.

55 mph speed maintaining button in Car No., 2
gives full service brake. Repaired short
circuit.

Car No. 2, truck No. 1l derailed on a facing
point switch. Jacked the car back on the
tracks.

Reduced side door time delay from 4 to 2
seconds.

Car No. 1l Truck No. 2 airbrakes would not re-
lease. Changed analog components and adjusted
new EP wvalve. Car No. 1, motor No. 4 armature
cable overheated at Williams connector. Brittle
and broken strands. Cut off Williams Connector
lug and 6" of cable. 1Installed new Williams lug.

Car No. 1, wheel No. 3A has moved 5/8" outboard
on the axle. Gauge measures 54 1/16%"., Removed
and repressed the wheel. Press tonnage of 26
tons unacceptable. Replaced the wheel/axle
assembly. Other wheels show movement as follows:

CAR NO, 1 CAR NO. 2
Wheel No. 1A - ,011 Wheel No. 1B - .025
1B - .01l6 3a - .060
2a - .151 3B - .012
4 - .008
4B -~ ,070

Car No. 2, Motor No. 3 field cable has broken
strands at wWilliams lug. Cut back cable and
replaced Williams lug.

Car No. 1 end door lock relay diode failed. Re-
placed diode.
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DATE MAINTENANCE ACTION

11-07-74 Car No. 1, axle No. 1, gearbox S/N 52-D9 has
broken tooth on drive pinion. Replaced wheel/
axle/gearbox assembly. Replacement gearbox
S/N 52-Dl.

11-07-74 Car No. 1, motor No. 1 armature cable male and
female Williams connectors welded together.
Replaced motor S/N 52-D6 Williams grip. Re-
placed both motor armature cables.

11-11-74 Car No. 1, wheel No. 2A repressed. Press tonnage
60 tons.

11-13~74 Car No. 1, No. 2 end draft gear rubber washers
replaced.

11-18-74 Installed end caps on all axles both cars. Axles

drilled and tapped for 3 each 5/8" socket head
bolts. Bolt heads lockwired.

11-23-74 Car No. 1, wheel No. 1A steel tire rotated 2.1 °
inches on the steel rim. Drilled and pinned tire
to rim with 6 egually spaced 1/4" steel dowel
pins parallel to axle centerline and bisecting
the mating surface.

12-04-74 Car No. 2, No. 1 end A and B side and No. 2
end A side shock absorber car body attachment
points failed., Made welded repair.

12-05~74 Car No. 2, motor No. 2 field cable failed at
the Williams lug with resultant PDR failure.

Replaced the cable and repaired the PDR. In-
spected all motor field and armature cables

and replaced the following additional cables:

Car No. 1, motor No. 1 field cable, upper

Car No. 1, motor No. 2 field cable, lower

Car No. 2, motor No. 1 field céble, lower

Car No. 2, motor No. 2 armature cable,
upper, cut back cable 3" and replaced
Williams lug.
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DATE

12-06-74
12-07-74
12-09-74

12-09-74

12—09~74

MATINTENANCE ACTION

Car No. 1 horn valve malfunctioning. Removed,
¢leaned, adjusted main spring and reinstalled.

Car No. 2 M/A shutting down during start cycle,
Repositioned time delay relay drum.

Car No. 1 air compressor motor windings falled.
Replaced the motor.

Car No. 2 air brakes came on while running,
both trucks. Removed J-45 P-signal transducer
card, cleaned contacts and reinstalled.

car No. 2 main contactors opened repeatedly
while running in klowing snow. Found ice in
cooling air ducts and a mixture of water and
steel dust on chopper circuit card connector
pins. Cleaned and dried circuit cards. Air
filter had been removed for system evaluation.
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4.7 CHICAGO

4.7.1 Shipment

The SOAC five—~car consist left Cleveland on the Norfolk
and Western on the.evening of December 16, 1974 and arrived
at the Calumet Yard in Chicago at 11:00 PM on December 16,
1274. The cars were handed over to the Chicago and North-
weaestern at the 40th Street Yard on December 19, 1974 and
arrived at the Chicago Transit Authority (CTA) Skokie Shops
at noon that day. A CTA diesel-powered crane was used to
push the two SOACs and the support car into the yard. The
cars were inspected by Boeing Vertol representatives and
found undamaged.,

Support Car Location

The support car was brought into the Skokie Yard and
stored adjacent to the shop. Because of tight clearances
between the support car trucks and the third rail in the
vard, third rail power for the yard was shut down during
the move. Having the support car stored with the SOACs made
spare parts and tools readily accessible.

Security A

A security service was employed to provide protection
for the support car from 4:00 PM to 8:00 AM in the Skokie
Yard (24 hours on Saturday and Sunday) and also for security
onboard the SQOACs during revenue service. The SOACs were
stored inside the shop at Skokie and did not reguire security
protection.

4,7.2 Preparation and Modifications

4.7.2.1 Car Preparation

The cars were prepared for operation between January 2,
1975 and January 9, 1975. BAll the routine tasks were accom-
plished as noted for the NYCTA demonstration. The door sill
extensions were removed, the floor height re-adjusted to the
3' 10 1/2" maximum setting and the trip cocks reset for proper
alignment with CTA track trips before leaving Cleveland. The
pantographs were left on the cars for use on the Skokie Swift
Line (part catenary and part third rail). The cars were de-
trucked at Skokie and those wheels which were noted to have
moved prior to the axle end cap installation in Cleveland were
pressed back against the journal bearings (see Maintenance

" Section 4.7.8).
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Door Cut-Qut Switches

Key operated door cut-out switches were installed for
the forward doors in each car so that these doors could be
cut-out at the Dempster Street station where car length ex-
ceeded platform length. A switch was mounted above each No.l
("B" side) and No. 16 ("A" side) swing panel. The "B" side
switch controls the No. 1 and two door leafs and the "A"
side switch controls the No. 15 and 16 leafs. The key switch
eliminated the requirement to unlock the swing panel and in-
dividually cut-out each door leaf.

LAir Compressor Sump Heaters

Two cold weather modifications were made prior to the
January and February operation in Chicago. ©One of these
was the installation of a 110v/220V immersion heater in each
alr compressor oil sump to preclude compressor motor failures
when attempting to start the compressor after cold soaking at
very low temperatures. The immersion heaters were installed
in the sump drain openings.

Air System Dryers

Another cold weather modification was the installation
of a Bendix AD-2 air dryer in the air brake system of each
car. This was done to preclude freeze-ups caused by moisture
in the system. Additional benefits are derived from this in-
stallation in terms of reduced corrosion of the various air
brake system components. The installation includes a desi-
ccant dryver purge valve, purge tank, 12 volt heater, step
down heater resistor and a purge control valve. 1In addition,
the relief valve was moved from the after cocler to the
purge tank and the compressor automatic drain valve was re-
placed with a pneumatically controlled drain valve.

Motor Cable Brackets

Traction motor armature and field cable failures en-
countered in New York, Boston and Cleveland resulted in the
design of a clamp to provide support for all four cables on
each motor connector block (see Section 4.3.8, Cleveland
Maintenance). These clamps were installed prior to opera-
tion in Chicago.

Shock Absorber Mount Braces

Diagonal steel braces were installed to stiffen the
lateral shock absorber car body attachment fittings., These
parts were designed and fabricated during the Cleveland

operation.
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Communications

CTA provided two trainphones and made the installation.
The trainphone set was attached to the forward bulkhead of
each cab below the parking brake and adjacent to the console.
The trainphone works by receiving and transmitting a signal
via the 600 volt third rail and/or catenary. The coupling
of the trainphone to the third rail is by a capacitive hi-
pass filter. For SOAC 600 volts for the trainphone were
obtained from the overhead heater circuit. Reception and
transmission quality was as good as on CTA cars,

4.7.2.2. CTA Property Modifications

Extensive modifications were regquired to the Skokie
Swift facilities to permit the operation of the SOACs.
The changes were required because the SOAC 1s approximately
50% longer than the CTA cars and is one foot wider at the floor
level (the SOACs maximum width is 6" wider than the CTA's max-—
imum width).

The changes required were modifications to the plat-
form edges at the Dempster and Howard stations, track move-
ment, revising and adding new signal control, and modifying
some third rails.

Platform Modifications

Platforms at the Dempster and Howard stations required
that movable platform edge extensions be installed. These
edge extensions had a hinged edge that was lowered to allow
clearance for the wider SOAC to move into and through the
platform. When a CTA train was to use the platform the edge
was raised so that the gap between platform and car was kept
constant. The platform edge extensions were provided by Boeing
Vertol (Ref. Drawing No. SK-332-10022}) and installed by CTA.
The edge extensions at the Dempster station were electrically
actuated and controlled by a platform attendant. The electri-
cal actuation was required at Dempster because the position
of the flaps had to be changed every time a train approached
the Dempster station during the hours of SOACs operation.

The edge extensions at the Howard station were manually
operated. These extensions were dropped during the hours of
SOACs operation and then raised after the last SOAC trip of
the day.
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The SOAC operation at Howard involved pulling into the
northern end of the platform and reverse running out of the
platform. The SOAC did not pull through the platform as the
CTA trains do. The platform was cut back to accommodate the
edge extensions for a distance of approximately 170 feet from
the northern end. FEdge extensions were installed from the
south end of the cut-out continuously for approximately 145
feet.

The CTA trains did not use the portion of the Howard
platform with the extensions during SOAC operating hours.
The Howard platform is sufficiently long for the shorter
non~-rush hour CTA trains to use only the unmodified part of
the Howard platform,

At both Howard and Dempster, edge extension position
was indicated to the approaching train by an illuminated.
sign indicating "flaps up" or "flaps down”. No movement
into the station was allowed during flap position changes
as controlled by bklock signals and track trips. At the end
of the demonstration the edge extensions were left in place.
The electrical actuators were removed from those at Dempster
and solid links installed. Additional structural supports
were installed at both Howard and bempster. These supports
secured adjacent corners of extensions to one another and to
the lower platform structure.

An additional modification was required for the north-~
bound Dempster platform. The track north of the northbound
platform turns sharply to the left {(away from the platform)
to enter the tail track. The sharp turn caused the rear end
of the SOAC cars to move outward from the track centerline
approximately 10" and have approximately an 8" maximum inter-
ference. To eliminate this interference the existing wood
platform was cut back for a length of 27 feet tapering to a
maximum cut~back of 10" at the north end. This cut-back
portion was blocked off by a hand rail and an additional 27
feet of new platform was constructed on the south end.

Signal Modifications

The Skokie Swift route, at the time of the SOAC demon-
stration, was controlled by wayside block signals with track
trips. Additional signal control was required for the SOAC
operation because of the reverse move from the Howard No. 1
track to the Ridge Avenue cross-over, the cross-over move and
the platform edge extension operation. . Control of the addi-
tional signals was by a combination of automatic and manual
control,
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The signal control allowing access to the Dempster
station was automatic for track occupancy and manual for
edge extension position changes. The signals and flaps
were controlled by a platform attendant in a supervisors
booth. The signal control allowing access to the Howard
station was manually controlled from the Howard Tower and
manual from the platform for edge extension position changes
and for final entry into the platform.

Signal control at the Ridge Avenue cross-over was auto-
matic fér track occupancy. Traffic control through the cross-
over, for other than normal Skokie Swift operations, was con-
trolled by a supervisor located in a supervisor's booth at
the cross-over. Switches were manually thrown.

Five train stops (track trips) were added and nine sig-
nals were either added or modified for the SOAC operation.
Two new presence detectors were also required, one each at
Dempster and Howard.

Track Movement and Third Rail Modification

The track crossing the Dodge Avenue bridge had to be
moved away from the center of the bridge so that SOAC would
clear island platform on the bridge (this platform is no
longer used). The Dodge Avenue bridge is located near a
high speed curve and the 6 inch movement affected the spiral
entry to this curve, requiring the adjustment of the track
alignment over a distance of approximately a half a mile.

Third rail modifications were required at the Ridge
Avenue cross-over and at the rail gap at the junction of
the Skokie Swift tracks with the Evanston Service tracks
just north of the Howard platform.

At Ridge, power rails had to be added across the cross-
over. From the cross-over toward Howard on the normal south-
bound track the run-off ramps had their incline adjusted so
they would be satisfactory as run-on ramps for the reverse
move that SOAC would make.

The rail gap between the Skokie Swift and Evanston
Service tracks was lengthened so that the SOAC cars could
not bridge this gap and cross feed power between these rail
sections.
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4.7.3 Briefings and Training

CTA gave a shop safety briefing to the SOAC team on
January 2, 1975, The SOAC orientation and training presenta-
tion was given to CTA maintenance personnel at the Skokie
Shops on the morning of January 7, 1975, and to transporta-
tion personnel at the Merchandise Mart on the afternoon of
thé same day. A presentation of SOAC features and program
objectives was made to CTA management personnel by the
Boeing Vertol Program Engineer on January 15, 1975.

Two instructor-supervisors were trained in the operation
of the SOAC during the clearance and engineering test runs.
One of these two instructor-supervisors was always onboard
the train supervising the normally scheduled motorman. Approx-
imately 12 different motormen were involved in the operating
of the SOACs. Some of these were trained on a Sunday training
run and the others were broken-in during regular service.

4.7.4 Route Description

The Skokie Swift route was selected for the SOAC opera-
tional demonstration in Chicago because it is the only CTA
route that could be modified at a reasonable expense to accom-
modate the 75 ft. SOAC cars. All other CTA routes have turns
tighter than can be negotiated by a 75 ft. car (the CTA cars
are 48.5 ft. long). A further problem with route selection
in Chicago was that the CTA cars are approximately 11 inches
narrower at the floor level than the SOAC and thus the CTA
station platforms have approximately a 3 inch interference
with the side of the SOAC. The Skokie route was the only CTA
route where modifications to the station platforms were
practical.

The Skokie Swift route (Figure 4-8) runs from the Dempster
Avenue station in the village of Skokie to the Howard Street
station on the CTA's Evanston Line. The only stations on the
line are the Dempster and Howard stations. The line is approx-—
imately 4.9 miles long. There are 7 grade crossing with auto-
matic gates. Approximately 40% of the line, from Dempster
toward Howard, uses a catenary for power distribution; the
rest of the line uses a third rail. The changeover from
catenary to third rail and vice versa was done by allowing the
raised pantograph to run onto or off of the catenary.

The SOAC run from Dempster to Howard was the same as the
normal Skokie service except that the SOAC pulled into Track
No. 1 at Howard Street rather than the normal Skokie spot on
Track No. 2. The run from Howard to Dempster was made by
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running against the normal direction of movement from the
Track No. 1 Howard platform to the Ridge Avenue cross-—-over
where the SOAC was crossed over to the normal northbound
track. Signal modifications were made to protect for this
reverse move (these modifications are described in Para-
graph 4.7.2.2, CTA Property Modifications).

Signalling on the Skokie Swift route is by wayside
signals.

4,7.5 Testing

SOAC No. 2 was powered and operated in the yard for
the first time on January 8, 1975. Car No. 1 was checked
out and the two car train operated in the yard on January 9,
1975,

The first no load clearance run on the Skokie Swift
was made during the day on Sunday, January 12, 1975, The
bracket which supports the pantograph manual crank fitting
on Car No. 2 contacted the station canopy at Dempster Avenue,
and this bracket was removed from bhoth cars., No other clear-
ance problems were encountered. Pantograph operation was
slow in the 5°F weather, more so up than down.

Based upon results obtained in Mew York, Boston and
Cleveland, the requirement for a 120,000 lb. ballasted
clearance run was deleted.

The instrumentation console was installed in Car No. 2
on January 14, 1975 and the engineering test data runs were
made between 11:00 PM and 4:00 AM that night.

"A full day of operator training was conducted on Sunday,
January 19, 1975. -

4,7.6 VIP Ceremonies

The cars were cleaned on January 20, 1975 and January 21,
1975 in preparation for the VIP ceremonies. A dry run was con-
ducted on the January 22, 1975 with no problems. The SOAC
inaugqural ceremonies were held in the Skokie Shops on Thursday,
January 23, 1975. The inaugural run was conducted with approx-
imately 300 invited guests from the Skokie Shops to Dempster
Avenue to Howard Street where the VIP contingent debarked. A
full service brake application from 70 mph was demonstrated.
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The SOAC second shift picked up the train at 1:00 PM
each day, finished the day's running and accomplished daily
maintenance. The last revenue departure of each day was at
2:58 PM from Dempster. The run to Howard was completed and
the motorman was relieved by a yard man. The SOAC's were
then returned to the Skokie yard. The CTA crew left the
SOAC's in the Skokie yard and the cars were moved into the
Skokie shop by the SOAC team.

Upon entering the Skokie shop on February 6, 1975 at
the end of the day's running, SOAC slid into a CTA car that
was undergoing repair. The slide was caused by slippery
rails in the shop. SOAC was undamaged, but minor damage was
sustained by the coupler/draft gear and windshield of the CTA
car and by the shop doors., Four CTA maintenance men received
minor injuries when they were knocked off their feet. SOAC
continued revenue service the following day as scheduled.

Passenger Reaction

SOAC passenger loads at CTA were very light as is normal
during the mid-day hours on the Skokie Swift route. A hostess
was employed from a local agency to hand out literature and
answer general questions. Technical gquestions were referred
to the SOAC team members onboard the train. The SOAC's were
well received by the public and on the two Saturdays that the
train operated, many people made special trips to ride the
train.

The most frequent guestion asked by passengers was "Why
aren't these running downtownz"” and the most frequent criti-
cism was "Not enough windows".

Visits to the SOAC's were made by several special groups.
These included transportation and engineering students from
local universities who made noise measurements, representatives
from the National Safety Council and technical staff members
from the Illinois Department of Environmental Control who made
noise and vibration level measurements onboard.

Special Trip

One Sunday run was made for a rail-fan group. The SOAC
trip was one part of an all day CTA rail-fan excursion that
traveled around the entire CTA system on various pieces of
CTA rolling stock including some restored 4000 series cars.
SOAC carried the rail-fans from the Skokie yard to Dempster
to Howard and returned to the Skokie yard. Enroute, a full
service stop was demonstrated from 70 mph. Approximately 100
persons were carried on this trip.
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Availability

No SOAC revenue trips were cancelled for mechanical or
electrical failures during revenue service on the Skokie
Swift., Availability was 100%. One day's operation was can-
celled by CTA because of snow.

4.7.8 Maintenance

There were very few maintenance problems in Chicago
and those encountered were minor in nature. Prior to opera-
ting in Chicago, all wheels which had gaps between the in-
side face and journal bearing (noted when the axle end caps
were installed in Cleveland} were pressed back against the
bearings. Shims were removed between the end caps and the
axles to give a prelcocad between the end caps and the wheels.

The following is a list of significant maintenance
actions accomplished in Chicago.

DATE _ MATINTENANCE ACTION

1-07-75 Repressed the following wheels against the journal
bearings.  Removed shims between axle end caps and
axles to preload the wheels when tightening the
end cap bolts. Changed all end cap bolts from
socket head to hex head.

Car No. 1 - Wheel No. 4B - 100 tons

Car No. 2 - Wheel No. 1B - 80 tons

2B - 70 tomns
3A - BO tons
3B - B85 tons
1-07-75 Vacuumed chopper cabinets and checked all chopper

circuit cards, both cars.

1-08-75 Installed new brushes in all traction motors,
both cars.

1-09~75 Replaced fresh air filters, both cars.

1-09-75 Car No. 1 - Replaced pantograph control switch
(broken spring).
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4.8 PHILADELPHIA

4.8.1 Shipment

The SOAC five—-car consist was picked up at Skokie by
the Chicago and Northwestern Railrocad at noon on February 12,
1975 and taken to the 59th Street Yard where it was transferred
to the Penn Central for the trip to Philadelphia. It was origin-
ally planned to transfer the cars to the Reading Railroad
at Harrisburg for delivery to the SEPTA Fern Rock Shops in
Philadelphia, while the cars were enroute it was decided to
true the wheels at the Penn Central 30th Street Yard before
delivery to Fern Rock. The cars continued on Penn Central
to 30th Street where they arrived on February l7th. The cars
were inspected by Boeing Vertol representatives and found
undamaged, except for a 6" crack in the fiberglass bonnet at
the No. 2 end of Car No. 1. After wheel truing, the cars were
taken to North Philadelphia where they were picked up by the
Reading and delivered to SEPTA at the Fern Rock Shops on
February 20, 1975.

Support Car Location

The support car was brought into the yard at Fern Rock
and stored along the northern side of the shop. As in Chicago,
having the support car close to the SOACs provided ready access
to spare parts and tools.

Security

A security service was employed to provide security for
the SOACs and the support car at Fern Rock from 4:00 PM to
8:00 AM weekdays (24 hours on weekends) and also for security
onboard the S0ACs during revenue service.

4.,8.2 Car Preparation and Modification

The cars were prepared for operation between February 20th
and February 26, 1975. All the routine tasks were accomplished
as noted for the NYCTA demonstration. The pantographs were
removed before leaving Chicago.

Door Sill Extensions

The door sill extensions fabricated for Cleveland were
modified for use on SEPTA. The 4 5/8" extensions were cut
back to 2 3/8".
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Identra Coil Brackets

Operations on the Broad Street Subway regquired the use
of a removable Identra coil on the front end of the train
to provide automatic signal alignment for the intended route.
Mounting brackets for these coils were installed on the ex-
ternal A side -front corner of each cab 9' 6" above the top
of rail and approximately 55" from the centerline of the car.
The colil provides a preset frequency response in passing
through the magnetic field of various wayside pick-up points.

Communications

SEPTA provided two trainphones and made the installation.
The equipment was essentially the same as provided by CTA and
the installation was identical (see Section 4.7.2.1). Trans-
mission quality was very good.

4.8,3 Briefings and Training

SEPTA gave 'the SOAC team a shop briefing on February 24,
1975. This was followed by the SOAC orientation and training
presentation to SEPTA operations and maintenance personnel.
A SOAC program presentation was given to SEPTA management per-
sonnel on February 25, 1975.

The SOAC was operated by regular SEPTA motormen under
the supervision of a SEPTA supervisor or instructor. Initial
training of motormen was accomplished by operating a single
car on a cleared yard track that was approximately 900 ft.
long. Additional training was given during the clearance runs,
a special training run on Sunday, March 2, 1975 and during the
VIP rehearsal run on Monday, March 3, 1975, A total of six
motormen plus four yardmen were trained. Two SEPTA supervisors
and one instructor were also trained in the operation of the
SOACs.

4.8.4 Route Description

The SEPTA Broad Street Subway (Figure 4-10) was selected
for the SOAC operational demonstration in Philadelphia. This
line runs beneath Broad Street from Fern Rock on the north to
Pattison Avenue on the south, a distance of sllghtly less than
10 miles., There are 22 statlons on the line which is powered
by third rail. Running time from Fern Rock to Pattison is 34
minutes. Wayside signals and track trips are employed, along
with a 45 mph speed limit. :

105



Allaghany

MaHn Prils

?

Pk,
Dauphin- Busquehsnca Hadeiphis

I

Columbs

i

Gilrard

i

Fairmount

T

Spring Oerdan

T

Aace: Yira

City Hell

Marhet Franklard Lins.

Welnut-Locusl

OO

Lombard Sgim 2

Eldmorth-Fydars)

PATCO Ling

Tatnws Marrly

Soyder

(DECN)—¢

Oragan

-

Paitiion

5
O ) —4 soecrom "

JFR Siadeum

Figure 4-10. SEPTA Broad Street Subway

106



4.8.5 Testing

Both cars were powered, functionally checked, coupled
and operated in the yard on February 22, 1975. Operator
training was conducted in the yard on February 24, 1975.

The initial clearance run over the line was con-
ducted from 12:00 PM to 5:00 PM on February 27,
1975 and included all express tracks, northbound local tracks
from Erie to Fern Rock and the Ridge Avenue branch to the
PATCO interchange. It was determined that SOAC could not
enter the Fern Rock yard from the north side of the Fern
Rock station because of interference between third rail
power pot connections and SOAC undercar equipment boxes. The
168 ft. curve just south of Fern Rock on the northbound local
track was negotiable at low speed.

On February 28, 1975 the SOACs were taken onto the PATCO
property for a clearance run to verify that it would be feas-
ible to run revenue service on the Lindenwold line after com-
_ pletion of the SEPTA demonstration. SOAC entered PATCO at
the Vine Street interchange with the SEPTA Ridge Avenue Line,
went to the west end of the line at 16th and Locust, then
eastbound across the Ben Franklin Bridge to Ferry Avenue and
then back across the river to the Ridge Avenue interchange.
The only clearance problem encountered was at the eastern end
of the Franklin Square platform westbound where the door sill
marker plate contacted the platform. PATCO agreed to cut
this platform back to provide a reasonable clearance. The
Broad Street local track northbound was checked on the return
run to Fern Rock and there were no clearance problems.

Clearance runs and operator training were completed on
March 1, 1975. Engineering tests were deferred until revenue
service running was completed to allow these tests to be accom-
plished on both SEPTA and PATCO without having to remove and rein-
stall the instrumentation recording systems.

The test instrumentation console was installed in Car
No. 2 on April 22, 1975. Additional instrumentation was in-
stalled on the No. 1 and No. 2 trucks to obtain data on a
gearbox resonance reported by Garrett AiResearch from test
stand results. The following additional accelerometers were
installed:

No. 1 gearbox vertical

No. 1 traction motor vertical

No. 1 motor mount (truck frame) vertical
No. 4 gearbox vertical
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4.8.7 Revenue Service

Summary

Revenue service was conducted on the Broad Street Sub~-
way from March 6, 1975 to March 13, 1975 and from March 27,
1975 to April 15, 1975. Revenue service was interrupted by
a transit workers (TWU) strike at SEPTA during which time
the SOACs were taken to the PATCO Lindenwold Shops for storage.

Revenue Service Days - 23
Round Trips Scheduled - 127
Round Trips Made - 121
Availability - 95%
Total Passengers (Est.) - 60,000
Total Miles - 3,000

Method of Qperation

The SOACs were operated out of the Fern Rock Shop as an
extra train on the Broad Street Subway, where the hours of
operation were, 9:40 AM to 2:15 PM and 6:33 PM to 9:14 PM
weekdays and 9:39 AM to 4:29 PM on Saturdays. Each weekday
the SOACs were laid up at Fern Rock from 2:15 PM to 6:33 PM
to miss the evening rush hours. Trip schedules are presented
in Appendix III.

Passenger Reaction

Passenger loads ran moderate-to-heavy on SEPTA. As in
the other cities, a hostess was employed to hand out litera-
ture and answer general guestions. The SEPTA riders were
very pleased with the SOACs, primarily because they repre-
sented such a dramatic improvement over the regular eguip-
ment in ‘use on the Broad Street Subway. These cars are very
old, the newest having been built in 1938, Very few criti-
cisms were received, :

Special Trips

On April 5 and 6, 1975, 16 roundtrips were conducted
from Pattison Avenue to Erie for Boeing Vertol employees and
their families. Approximately 1800 passengers were carried
and the cars were very well received.

One Sunday double run was conducted on April 13th for
the Philadelphia Chapter of the National Railway Historical
Society. Approximately 60 rail fans participated in this
trip which included the Ridge Avenue Line.
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Availability

One electrical and three mechanical failures (see
Maintenance, Section 4. 8.8) resulted in the cancellation
of six trips. A total of 127 trips was scheduled during
this period. Availability was 95%.

Maintenance

Wheels were trued on a Stanray machine at the Penn
Central 30th Street Shops before going to SEPTA. No problems
were noted during the initial test running and during revenue
service on SEPTA where speeds were less than 50 mph. While
travelling to Lindenwold on the PATCO line during a transit
worker strike at SEPTA, vibration was noted in both cars near
70 mph. Wheel concentricity measurements showed the wheels
which had been cut on the Stanray machine to be out-of-round
from .022" to .060". These wheels were re-—cut on the SEPTA
wheel lathe at Fern Rock after completion of revenue service
and before the engineering tests. All wheel concentricities
were within .007" TIR after the re-cutting.

vVibration was still evident on Car No. 2 during the
engineering test runs at speeds between 70 and 75 mph (see
Section 4.8.5 Testing). The source of this vibration was
determined to be a rocking resonance in the splined coupling
of the No. 1 gearbox caused by failure of the retaining nut
lock with a resultant loosening of the splined connection.
The wheel/axle/gearbox assembly was removed and replaced.

The following is a list of significant maintenance
actions accomplished in Philadelphia.

DATE - MATNTENANCE ACTION

2-19-75 Car No. 1 - Re-cut wheels on axles No. 1, 2 and
4 using Penn Central Stanray machine to get
proper flange contour and remove flats.

Car No. 2 -~ Same for axles No. 1, 3 and 4.
2~23~75 Car No. 2 -~ Wheel No. 4B rim rotated approxi-
- mately 3/8" on the hub showing a 2 1/2 x 1/16"

tear in the elastomer on the outside wheel face,
Replaced wheel axle set.
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DATE

2-25=75

2-26-75

3-04-75

3-07-75

3-08-~75

3-12-75

3-21-75

3-23-75

3-24-75

3-27-75

3~29-75

MAINTENANCE ACTION

Car No. 2 - Replaced tumbler in master con-
troller key switch.

Cleaned and lubricated electrical coupler
pins, both cars.

Car No. 2 - No. 1 traction motor cooling
fan intake cover plate and screen damaged
in contact with 600V third rail pot con-
nector. Shortened cover plates by removing
2% from vertical dimension, both cars.

Car No. 1 - Replaced blown fuse in knife
switch box.

Car No. 2 - Replaced blown main light
switch fuse.

Car No. 1 - Repaired cracked aftercooler in
brake air compressor.

Car No. 1 - Speedometer inoperative from 0
to 10 mph. Replaced P/N 172 x 0430 unit.

Car No. 1 - Replaced cracked aftercocoler in
brake air compressor. Installed aftercooler
from spare conmpressor.

Car No. 1 - Cracked aftercooler (recent replace-~
ment)}. Removed air compressor and modified
aftercooler using an 18" length of flexible hose.
Reinstalled air compressor.

Car No. 2 - Cracked aftercooler in brake air
compressor. Same corrective action as Car No. 1
above.

Car No. 2 - Axle No. 2 flanged coupling retain-
ing nut loose. Possible bearing failure. Re-
placed wheel/axle/gearbox set.

Car No. 2 = No. 2 traction motor cooling fan
bearing failed. Motor burned out. Repaired
motor and installed new bearings.

Car No. 2 - Three chopper thyristors failed.
Replaced A-1 and A-Z2 chopper drawers.
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DATE

3-31-75

4-02-75

4-03-75

4-14-75

4-18-75

4-21-75

4-25-75

4~-29-75

MAINTENANCE ACTION

Ccar No. 1 - Replaced leaking air compressor
hose.

Replaced bearings in No. 1 traction motor
cooling fan, both cars. Preventative.

Car No. 2 - Replaced leaking air compressor
hose.

Car No. 1 - Repaired trip cock air pipe failure,
No. 1 truck. o .

Car No. 1 =~ Re-cut wheels on axles No. 1, 2
and 4 using SEPTA wheel lathe to correct out- |
of-round condition.

car No. 2 -~ same for all four axles.

Car No. 1 - Repaired leak in copper tubing on
brake air compressor.

Car No. 2 = De~trucked and interchanged axles
No. 2 and 3. Found cracked spacer on inner
race of Axle No. 2 A side, To be replaced
at next wheel change prior to PATCO operation.

Car No. 2 - Axle No. 1 flanged coupling retain-

ing nut lock tabs broken and nut loose. Re-
placed wheel/axle/gearbox set.
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GENERAL QUESTIONNAIRE

SAMPLE POPULATION CHARACTERISTICS

OCCUPATION -

PROFESSIONAL WHITE COLLAR .BLUE COLLAR STUDENT UNEMP . /RETIRED HOUSEWIFE

16.0% 26.0% - 18.6% . 6.4% 9.4% 23.6%

INCOME
USA AVERAGE §5K  $5K-10K  10K-15K  15K-20K  20K-25K 325K

$12,000 13.2% 23.5% 24.8% 17.6% 10.3% 10.6%
% Own Auto's - 73.3% (U.S.A. Population 80,0}
% Licensed Drivers - 70.4
$ Commuting On Rapid Transit - 32.4
Average Length Of Commute - 25.4 Min.
Average No. Rides/Mo. On R.T. - 8.1

FIGURE 5.1-1
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11.
12,

13.

14.

15.
16.
17.
18.
19.

20.

Safely Built

GENERAL QUESTIONNAIRE

FIVE (5) TOTAL

Freedom From Criminals & Vandals

Not Breaking Down & Causing Delays

Having a Handhold

Interior Cleanliness

Doors-Easy Entry/Exit

Temp.-Air Quality

Smooth Ride

No Smoking
Having a Seat
Route Map

Cost of Fare
Bright Lights
Announced Stops
Low Noise

Wide Aisles
Seeing Out
Bright Colors
Tinted Windows

Carpeting

Figure 5.1-2
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AVG. RATING

96.8
96.6
95,7
93,0
90.5
90.0
89.6
86.9
86.8
86.0
85.3
85.2
83.9
83.0
82.3
79.8
66.5
56.1
53.0

24.7

INTENSITY

8L.3
84.3
74.7
69.8
59.0
53.9
55.4
43.2
66.7
50.8
49.5
52.3
45.3
47.5
39.2
32.8
22,4
14.1
15.4

4.0



AVG. RATING P

t ' ]

Safety From Accidents 100 - ‘
Freedom From Vandals :}___ {
Not Breaking Down .
9 Having a Handhold
Interior Cleanliness 90 _
Doors-Easy Entry/Exit j-— Smooth Ride
Temp. - Air Quality No Smoking
Having a Seat
Bright Lights . Route Ma
Advanced Stops } 80 Cost of Fare
Noise Wide Aisles
. 70
Seeing Out —_ ——f
; - 60 Five City
Bright Colors TOTAL —
Tinted Windows :1 —
- 50 General
. Questionnaire
- 40 Results
= 20
- 10
1 0

LINEAR SCALING OF IMPORTANCE
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of the relative importance between highly ranked items can
be made by inverting the scale and using 100 percent as
the reference point, e.g. "Having a handhold” is twice as
important as "Having a seat" and three times as important
as "Wide aisles".

5.2 SUMMARY RIDER QUESTIONNAIRE RESULTS

Figures 5.2-1, 2 give summarized results of the Rider
Questionnaire for the combined five cities sample. Figure
5.2~1 gives the Rider Questionnaire population statistics
comparable to the General Questionnaire statistics presented
in Pigure 5.1-1.

Figure 5.2-2 presents the results of the Rider Ques-
tionnaire and compares these results with the results from
the analogous gquestions from the General Questionnaire.

The listing of questions in Figure 5.2-2 is by their
ranking from the General Questionnaire, the most important
question listed at the top. This chart shows whether the
SOAC (Rider Questionnaire result) exceeded or fell short
of the populations expectations (General Questionnaire re-
sult). The Rider Questionnaire average rating is indicated
by the circle and the General Questionnaire average rating
is indicated by the triangle.

While reviewing Figure 5.2-2 it is important to remem-
ber that the question asked on the General Questionnaire was
VHow important to you is...?" while the question asked on
the Rider Questionnaire was "How would you rate...?" The
one deviation from the standard question on the Rider Ques-
tionnaire was the question concerning the cost of fare.

That question was "Would you be willing to pay 5¢ more to
ride a car like SOAC?"

Generally the SOAC was close to or exceeded the expecta-
tions of the public. The two exceptions are the questions re-
garding fare and having a handhold if one must stand. The
difference between responses on the fare questions is readily
understood from the difference in the questions asked on the
two surveys; the SOAC rider was asked if he would be willing
to pay a premium to ride SOAC - he is not. The difference on
the handhold question is understandable when the relatively
fewer number of handholds on SOAC is compared with the number
on most other rapid transit cars,
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RIDER QUESTIONNAIRE

SAMPLE POPULATICN CHARACTERISTICS

Qccupation
Professional white Collar Blue Collar Student Unemploved/Retired Housewife
15.7% 24.3 18.1 20.6 8.5 12.9
Income
USA Average < $5K $5K-10K 10K=-15K 15K=20K 20K=25K 25K
12,000 13% 27% 24% 18% 9% 9%
% Own Autos - 71% (USA Population 80%)
% Licensed Drivers - 62%
% Commuting on Rapid Transit - 78%
Average Length of Commute - 34 Min,
Average Number Rides/mo. on Rapid Transit - 21

Figure 5.2-1



IMPORTANCE OF FEATURES VS SOQOAC PERFQRMANCE

FIVE CITY TOTAL

Having a Handhold
Easy Entry/Exitl
Temp. - Air Quality
Ride

Haﬁing a Seat
Cost of Fare
Bright Lights
Noise

Wide Aisles
Seeing COut

Bright Colors
Tinted_windgws

Carpeting

&>

B>
!

L
T

|
1 T L)

30 40 50 60 70 BO
AVG. RATING
'SOAC RIDER QUESTIONNAIRE

GENERAL QUESTIONNAIRE

Figure 5.2-2
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5.3 INDIVIDUAL CITY RESULTS

Figures 5.3-1 through 5 present the General Question-
naire results from the cities of New York, Boston, Cleveland,
Chicago and Philadelphia. These figures are similar to 5.1-3.

Figures 5.3-6 through 10 present the Rider Question-
naire results from the five cities. These figures are simi-

lar to 5.2-2,
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- FREEDONM FROM CRIMINAL?}

SAFETY FROM ACCIDENTS
NOT CAUSING DELAYS

]

AVG. RATING

HANDHOLDHOLDS

TEMP, - AIR QUALITY i
CLEANLIKNESS

‘90

100

GENERAL QUESTIONNAIRE RESULTS - NEW YORK

-

__-ENFORCED NO SMOKING
EASY ENTRY/EXIT
SMOOTH RIDE

MAP

COST OF FARE

WIDE AISLES

NOISE
LIGHTING
'ANNOUNCED STOPS %
. { 80
HAVING
-
- 70
~ 60
SEEING OUT ‘[
BRIGHT COLCRS
— 50
~ 40
TINTED GLASS 1
— 30
CARPETING L
- - 10
L0

Figure 5.3-1
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GENERAL QUESTIONNAIRE RESULTS - BOSTON

AVG. RATING
HAVING A HANDIOLD

100
INTERIOR CLEANLINESS ‘
FREEDOM FROM CRIMINALS - SAFETY FROM ACCIDENTS
. NO BREAKING DOWN
TEMP. - AIR QUALITY

COST OF FARE —
EASY ENTRY/EXIT

90~

SMOOTH RIDE

MAP OF ROUTE }‘_ ' — ,
.BRIGHT LIGHTING HAVING A SEAT
WIDE AISLES
LOW NOISE
STATION ANNOUNCEMENTS ~ 80 {(NO SMOKING
SEEING OUT . 70
BRIGHT COLORS ' |
TINTED WINDOWS —
- 50
— 40
- ~- 30
jo! \ ) )
CARPETING _ : S
: - 10

-0
LINEAR SCALING OF IMPORTANCE ,

Figure 5.3—2
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. GENERAL QUESTIONNAIRE RESULTS - CLEVELAND

e
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100
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]

: 90 -
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— WIDE AISLES

80 BRIGHT LIGHTING
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. 50

- 0
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Figure 5.3-3
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GENERAL QUESTIONNAIRE RESULTS - CHICAGO

- . i
AVG. RATING |
FREEDOM FROM CRIMINALS ¥ 100
SAFETY FROM ACCIDENTS _
NOT BREAKING DOWN | HAVING A HANDHOLD

EASY ENTRY/EXIT
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BRIGHT LIGHTING
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90
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: 70
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Figure 5.3-4
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GENERAL QUESTIONNAIRE RESULTS - PHILADELPHIA "

AVG. RATING

SATETY FROM ACCIDENT 100
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Figure 5.3-5
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IMPORTANCE OF FEATURE VS SOAC PERFORMANCE

Figure 5.3-7
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6. CONCLUSIONS

6.1 SOAC successfully achieved its overall objective of
demonstrating the best available technology to transit
authorities and the riding public in five major cities.
In so doing, the cars demonstrated that they met their
design objective of being adaptable to the specific opera-
ting requirements of five different transit properties.

6.2 The SOACs were well received by the riding public;:
particularly the smooth ride, low noise level, air con-
ditioning, interior appointments and high light level.

6.3 The motormen assigned to SOAC were enthusiastic about
the car and found the smooth response, fine control and
automatic speed maintaining system particularly desirable.

6.4 The DC-DC chopper used for propulsion control pro-
vided smooth acceleration as designed and proved to have
excellent reliability.

6.5 The back-to-back pantograph installation on SQAC re-
sulted in excessive arcing of the contact strips on the aft
pantograph. For a two-car train, pantographs would be better
located at the No. 1 end of each car.

6.6 Additional handholds should be provided for standees,
particularly in areas where bench (longitudinal) seating
is used.

6.7 A significant portion of the riding public would pre-
fer more windows in SOAC so that wayside station signs could
be read more easily. This 1is particularly important in
crowded conditions.
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6.8 Although most riders believed that the SOAC stylized
interiors would not stand up to vandalism, virtually no
vandalsim was experienced in 20,000 miles of operational
evaluation. Even though one guard was provided in each
car, it is evident that there was a tendency for the rid-
ing public to appreciate and care for the improved environ-
ment.

6.9 End signs showing destination are of great assistance
to riders waiting on the platform. Portable signs were
inserted behind the windshield on SOAC to provide this
information..

6.10 Maintenance requirements were encountered in the
cities that were not encountered at the TTC and could be
traced to large differences in the quality of the track

and road bed. - Motor power cable failures, lateral shock
absorber mount failures, and various pipe failures can be
attributed to the more severe environment. Design changes
were made and others should be incorporated in future design
applications.

6.11 Four resilient wheel elastomer bond failures were ex-
perienced on SQOAC, which uses tread brakes. Batch process
controls during wheel assembly were considered to be a factor
in all four failures. In addition, two of the four failures
were the direct result of parking brake malfunctions and one
failure occurred during on-the-car wheel cutting.

6.12 SOAC experience with on-the-car wheel truing of re-
silient wheels was unsatisfactory. Out~of-round conditions
resulted in all cases using two different machines of the
same type.

6.13 Problems were encountered with movement of the aluminum
centered resilient wheels on the steel axles, making it neces-~
sary to install axle end caps. All instances occurred in
Cleveland. Compatability of SOAC to the existing track
geometry may have been a contributing factor. The cause of
this problem was not satisfactorily determined. BART ex-
perienced some of the same type of problem.
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| sR3ECT
@ : SOAC CLEARANCE CAR RUN
INFORMAT ION SonNes S Y/RELIASED

{Include Olagrams Where Applicable)

©)

%

Art Car" (SOAC) Clearance Run.

Report on Broad Street Subway Line "The State of the

& -
TN
7
Atte: Enclosure
- 4
‘ Q(T-_")IF”F!I'I"QN APPROVALS & DATE | pase 0. | (4) RETENTION REQUIREMENTS
11
G.W. Thomas M 12 COPIES FOR
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T.CQ S.}.UgOCkl ’ Er!:")-‘ = ASe u”b o 1 Month
J.R. Nielsen A.R. Wunsch [36 o236 | = —— s
P.M. Caldwell s | B PR
N. Marcus pr Al et tee | — = o Bl
J0. "Wapner P G 7 rs

FoRM
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WL
He

SOAC CLEARANCE CAR RUN

DATE: 8/10/73

ATTENDED BY:

Mr.
Mr.
Mr.
Mr.
Mr.
Mr.

Mr.

BOEING:

F. M, Caldwell Boeing
A. K. Griffin Boeing
Matthew Lacko Boeing
Troy Bomar Boeing
G. A. Hix Boeing

Ray A. Oren Boeing

Don Stabalito Boeing

CITY OF PHILADELPHIA:

Mr.
Mr.

Mr.

Stan Carrcll
3. Robert Rubin

Carl C. Hartmann

SEPTA:

Mr.
Mr.
Mr.
Mr.
Mr.

Mr,

Joseph Oa_wégner

A. K. Bhattécharyya
Norman Marcus
Andrew W. Maginnis
William J. McDevitt

David Caddick
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Department of Transit Operations

Department of Transit Operations



rern RKOCK

Expréss
- . Olney
Logan
Wyoming

Hunting Park
Erie

Allegheny

North Phila

Dauphin-Susquehanna

Columbla

Glrard

Falrmount

Spring Gérden‘

Race-Vine

- Walnut-~Locust

Lombard~-South

Ellsworth—~Federal

Tasker-Morris

Snyder

Oregon

Pattison

I

Local

BROAD STREET LINE

e Broad-Ridge Spur

Peak Service
®
'
[
F
¢ Broad-Rildge Spur -
Off-Peak Service

Spring Garden
Chinatown
City ' th
Hall 8 & Market
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B. S. S. LINE SOAC CLEARANCE CAR RUN

This clearance report is based on Plant Maintenance

& Construction Department Drawing Nos. 6-J-5200,6-J-5193
and 2-W-15520. - |

Six (6) clearance templates conforming to the shape
of the state of the Art Car were made up of 3/4" plywood.
Attached to this plywood_were metal feelers which included
maximum roll of 6 =3/4", plus a 6" clearance 1ine§ also
2 front end clearance templates conforming to the slope
of the car neglecting roll or clearance were made up of
%" plywood. These car outline templates were atté;hed to
the skeleton c;earénce car.

The arrangement of these templates and the mumbering
of the metal feelers are shown on attached plans.

The clearance car was pushed by a 2 car #81 Brill
unit very slowly through the subway in the early morning
hours during the period August 10, 1973 through August 13,
1973. Under the heading "Remarks," the figures represent

the amount metal fingers were encroaching on obstruction.
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SOAC CLEARANCE CAR RUN

B. S. S. LINE

Broad Street Subway Northbound, express & local, Southbound

local, including all crossovers.
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BN
Y

SOAC CLEARANCE CAR RUN

R.B./B

South from Fern Rock - Mid Car

Feeler Number Remarks

29--31,34,35 1-2%
27-28 3n
27-28 | 8l
35-36 ’ ' 3.4
29-31 " ' 1
34-35 1"
40-41 ' 33m
27~ | 2"
29-30 12
29~-31 1-2"
40-41 - 13
29--31 12"
34 1
27-=29 2-3n
40-41 | 3
27--31 3-4"

143

Striking Obstructions

Markers 4,5,6,7,8

L-14
Olney Platform -

Mid Olney Platform

Switch Box 150' North of Logan
Lights or Brackets
At Logan

South Box at Logan

Signal Box out of Logan

Signal Box 200' North of Wyoming
(1B-473)

At Wyoming

Signal Box Leaving Wyoming

At Roosevelt Express Overpass

Signal Box before Huntington Park

At Huntington Park

Signal Box after Huntington Park



. rd
i

Féeler Number

31-32
29-34
27-28
28-32

35
29-30
40~41
30-31
29-31
28--32
28
27-28
29--32

35

31

34
29-~--31
34
30-31
40-41
29--31
30
29--32

Remarks

1_3 "
1-3"
9"

2-3n

121

2=3"

S
1
1-2v
3-4n
e
o

2_4"
3"

]'__2u

1_2"

1-.2%

. 2n

1-2m
1"
2_3"

144

Striking Obstructions

Concrete Abutments
Water Pipe Before L-24 Signal
Ayﬁrie «

Signal Box South of Erie
(3 Signal Boxes)

Flouréscent Light Fixtures

Signql Box.North of Alleghany

At Alleghany

Signal Box South of Alleghany
Signal Box South of Alleghany
Signal Box 2B-294

Qable North of North Philadelphia
At North Philadelphia

Safety Gate at South end of North
Philadelphia

Light Fixtures

Signal Box 2B—-261

Ticks Light Fixtures

Signal Box 2B-241 & Next Signal Box
Light Fixtures . .

Signal Box LB—-230

At Susquehanna

Signal Box 2B-233 & Next Signal Box
Signal Box 28*262 & Next Signal Box

Signal Box 2B-183 & 1B~173



Feeler Number Remarks Striking Obstructions

40-41 6" At Columbia
28--32 - 23" Signal Box 2B~164 & 2B~152
34--36 R Sign Brackets
29-32 2" Signal Box
34-35 1=2m Light Fixtures
27-28 g At Girard
29--31 2" Signal Box North of Fairmount
{3 Boxes)
Fairmoqnt
29--31 2-3" Signal Boxes out of Fairmount
2728 8" At Spring Garden
2728 i . 87 At Race-
28232 ' | 3-an Safety Gate North of City Hall
41--45 ' 4n At City Hall
27-28 | gv At City Hall
41-45 Hit Boxes in City Hall
46 ' 1-2" Hit Wall in City Hall °
31=-32 1-2" Signal Boxes
27-31 i l-2" : Signal Boxes North of Walnut
40-41 ' 3w At Walnut o
44-46 2-3" Signal Box L-16 & Next
27==31 2=3" 'Signal Box 15B-30
29-30 - 3-4" Electrical Junction Box near éxit
27-28 n At Lombard
49-50 Signs in Lombard
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Feeler Number

29-30
29-30

43--47
27--32
30--32

27-28
44--46

35

27--32

44

43--45

27-28 ,
42--45

35

29--32 & 34
27-28

33

32--35

32-35 )
29-33

27-28
29--31
31--33
31--33

Remarks

4-5"
3"

1_2"
2-3"

1-2v

1-2n
g
4-5"
1-2"
1-2"
g
1-2"
1-3n
4-5"
9|l
8-9"
10"
1
3-4"

146

Striking Obstructions

Safety Gate South Lomba;d
Signal Box

35B-77

35B=77

Safety Gaté At Elsworth
At Elsworth

Signal 35B-120

Light Fixtures

Signal Boxes

35B~144

35B-153

At Tasker

35B-~170

Light Fixtures

Hits Steel Girders North of Snyder
Snyder

Pipe on Wall

Oon Wall

On conduit .

Safety Gate at Oregon

. At Oregon

Safety Gate South Oregon
On Wall |

On conduit



Feeler Number

30--35
36 & 35
40--48
40-41

40-46

Remarks

1-3"

147

Striking Obstructions

On Wall

On Signal Box
Signal R20

At Pattison

Station Operator at Pattison



DATE:
R.B./S

South from Fern Rock

8/10/73

North Bound/South Bound

Station to Station

Fern Rock

South end of Admin-
istration building

‘.tJ_Throﬁgh‘Curves

Over Third Rail
(Very close)

' Olney Street (5600 N)
Olney Street (5600 N)

Olney (South Road)
R.H.S.

North Logan

Logan

After Logan
(4900 Block)

SOAC CLEARANCE CAR RUN

Feeler Number

Striking Obstructions

10,11,11
8,10,9

* 47,48

27,34

1,2

28,27

53,56

36,35
9

9,35

29,30, 34
40,41,15,16,66
67

29,30
148

Car Marker Sign
Car Marker Lights .

Platform

Outline of car to'
platform

No., 2 Track

Car Marks
Car Marks
Car Marks
Pillar Lights

Platform

Pillars

835"
8, 835_"

4"



- o 3
R

‘Station to

Station

After Logan

Wyoming Platform

Wyoming Platform

After Platform

Huntington
Platform

Huntington
Platform

Huntington
Platform

Huntington
Platform

Huntington
Platform

Park
Park
Park
Park

Park_

After Huntington
Park Platform

Erie Platform

Erie Platform -

After Erie

Alleghany Platform

Alleghany Platform

North Philadelphia

Feeler Number

Striking Obstructions

(South End)

After N. Philadelphia

After N. Philadelphia

22
14,15
40,41,66,67
29,30, 31
40,41

66,67

14,15

1,2

4,5,6

34,32,29

6,7,8,9,10
22,48
1,2,28,27
27,28
4,5,30,29
14,15,41,48
4,5

27,28

4,5

29,28

149

Signal
Platform
Platform
Leaving Pillar
Platform
Platform
Platform

Box

Signal

Signal B

u
<
b

Pillars

Signal L-24
4-Mark
Platform
Pla£form
Signal
Platform

Signal

Platform

(South end N. Philadelphia)

Remarks

}iu

-
5
-
5o

5“

5"

7-81

2"



.
. -

Lo
L

-.‘..—’J

i

‘Statjion to Station

Susquehanna
Susquehanna
Susquehanna

Susquehanna

Daulphin
Daulphin

Daulphin

Daulphin'

Columbia Platform

After
After
Girad

After

Platform
Platform
Platform

Girad Platform

Falirmount Platform

Spring Garden

City Hall

City Hall

City Hall

Walnut -Locust

City Hall

South Penn.

(Crossover S.

Sq.

South Walnut-Locust

South St. Platform

Feeler Number

Striking Obstructions

14,15
40,41,68

10

31,29
14,15, 40,41
30,29
8,9,28,27
1,2

1,2,3
14,15,47,48
28,27,1,2
27,28,1,2,

22
23,22

40,41

of S. Penn)

22,21

29,30, 31
1,2,23,22
20,19,18

. 43,82,44,46

Platform

conduit pipe

Pillars

,67,68 Platform

- Slgnal Box
Car Mark
Platform
Signal Box

Platform

Block Mark

Block Mark

Marker

On Wall
Column

Signal, Crossover
No. 2 Track
Lights Conduit
Platform

3SB-60

Signal

Signal Box
150

Remarks
5
g
on
3
6"
3n
gn
g
qn
g



-‘Station to Station

Eistrth Federal
Platform

Platform

After Platform

)

Tasker Morris

After Sign

Snyder

Snyder

Snyder Platform

Snyder & Oregon

Oregon Station

Feeler Number

Striking Obstructions

43,44,45,46,19
20,18, 21

22,23

1,2

32,31,30
21,22
21,45,46
3,4,5
6,7,8,9
19,18,17

22

19,18,17
1,2,28,27
22,23
17,18,19,20
22

22,21, 19,18

9
9

21,22
1,2,28,27
6,7,33,32

1,2,3,4,5

32,36, 30

151

Signal 3SB-77

Signal

Platform

Hard Rail
Operating Sign
Signal 3SB-120
Signal Box
Conduit

Signal 3SB-144
Operating 3ign

Signal 3SB-153

B-Sign
Signal 3SB-17
Lights

R2
T

Car Marker
Column

R-4

Platform
Conduit
Touching Wall
Air Line

Platform -

Remarks

4"

2"

Sll

g
3"
3
an

3-qn

4“
2"
3“

’ 5

4"

3"



" .Station to Station

Oregon Platform &
Passing over

Pattison Platform

Feeler Number

Striking Obstructions

1,2,3,4,5,28,29

33,32,7,6
3,10,32,31

9,10

22,21,19,18,17

60--50

19,18,17,16,43

44,42

152

Air Pipe
Touching Wall

Car Mark

R20T

Platform

Remarks

6"

5"

8“



CRIE
L

SOAC CLEARANCE CAR RUN

DATE: 8/13/73
R.B./B .

North from Pattison

Feeler Number Remarks
60,67,41-~40 Bf
43-50,68~72 3n
53-55,27-31 3"
| okay
okay
27,28,29 ' - ="
29-31,53-57 _ 3-4"
okay
34-35,57 1"
okay
27-28,53 & 54 6"
' okay
okay
29-55 iv
33,34,35,57-59 3n
okay
27-28-53-54 6=T7"
okay

153

Striking Obstructions

Pattison

Safety Gate North Pattison
South Bound 45SB-330
45B-310

45B-290

Oregon (Séfety-Gate Office)
Safety Gate North Oregon
45B-~243 -
Electrical Junction Box
48B-213

At Snyder

L-10

45B-192

Junction Box

Exit Sign

45B-170

At Tasker

45B-153



R
-

A

Sl

T,

o

Loy
S

Feeler Number

31,57

27-28,53, 54

-

55

29-30, 35

31-34,57-58

27-28,53-54

48

- 27-28

35,36,61-62

27~-37
66-67-61-62

‘41

61-62-36-37
40-41,66-67
48,69
57-31

Remarks

okay
okay
78"

okay

okay
1“
l-2"

okay

- okay
. 6=7"

okay

.1_2ll
2_3"
ckay
2Il

2“
1_2"

3-4v

;in

154

Striking Obstructions

Exit Sign

4SB~123

45B-120

Federal

45B-112 .

Electrical Junction Box
45B-91

Junction Box

Exit Sign

45B-72

45B-60

Af Lombard

R=10

Identra Stand

Signal Box 45B-5453
Side Signs |
R-26

R-22

coming into platform .
Walnut

On sign$

On Walnut

R-38

Conduit



Feeler Number

66-67-40-41
33-31-54-62
46-50

42-44,68-70

48-50

40-41,66-67

57

74

74

66-67,40

31-58
44-47-50,66-~74
27-34,54-60
69-70,73-74,48-50
47-69-71

62-63

61635657

58
71--74,48-45-46
62,63,64,66-67~40-41
61-62, 35-36

57,31

Remarks

6-7"
3"

ckay

oﬁay

Minor %"

}in

155

Striking Obstructions

Platform (City Hall)

Wall (City Hall)

Signal Leaving (City Hall)

3B-10

3B-19

Sign

okay

Platform (Race)

Conduit

3B-43

3B-45

Spring Garden

Conduit, in statién (Spring Gérden)
Signal
Girad-
Signs
Fairmount 3B-67
Fairmount

Unknown atFairmount >
38-83 '
3B-91

Platform (Girad)
Car Marker

Condpit



“.7 Peeler Number Remarks Striking Obstructions

43-49,65--74 1" R-56

27-31,53-57 3 Electrical Junction Box
66-74-43-495 2--3" R~58 '

. 66=-69~T74 In Girad

28-37,54-62 an . Pipe

59-60,69 1 Car Marker

48-50,94-75 on - Sign

67-68-41 ) 1» Box

43-50,68-72,70~71 12" R-~64

69-70 10 Columbia

48-43,46,69-77 . 1=2% 3B-171

68-63 o on | Junétion Box
43249m69mmuT2 on | 3B-15

68-69 : 2" | Electrical Box
44ww46,48,49,69==72 3B-210

- 31-57-58 D AU On Conduit continuing to Susquehanna

43-48,69-72 1-2n 3B-224

68-69 IR Control Box )
69-72,48~43~46 1-2n 3B-236" X
.69-72,48-43--46 1-2" 3B-250

48-44,69-71 L ' 3B-261

okay 35—265
48-74 | 1n Car Marker

okay 3B-272

156



' .Feeler Number

66-67-40-41
44-69--71

57
69-72,43-46
57231

57-31

69-72
43--45,69~=72
68,69
43--45,69--72
43-46-69-72
44-46-69-72

66-67-40-41
32-34
29-32,56-58

34-35

69-71
27-28,53-54
75-48-49

4448

Remarks

4~6"
1
1w
1-2n

1"

8"
okay

okay

6_8"
2"

'okay

157

Striking Obstructions

North Philadelphia
3B-282

End of Girad - pipe
3B-294

On Conduit

On Conduit

3B-313

Alleghany 3B-331
Electrical Junction Box
3B-343

3B-354

3B-360

3B-363

Platforﬁ (Erie) _
Valve 2nd of Girad L-34

Safety Gate, Walnut

" Re4?2

45B-9

Light on curve
Signal

Platform (City Hall)
Car Markers

On Curve 4B-4

4B-10



?eeler Number

27-28~53-54

53,54,27-28
56-58 & 29--31
40-41,66-67

31=-35-57-~59
53-54,27-28
58--60

29~34,52-59
33-34,57-58
55457,29-31
40=41,66-67
5659

56-57-2930
55-58-29-31
56-57

Remarks

okay
okay
6“
okay
okay
okay
6"
l"'
1_2“
okay
3"
okay
8"
1"
okay
2_3"

1_2"
1'

1_2"

1"

okay

158

Striking Obstructions

4B~19

4B~20

Platform (Vine)
4B-26

4B-43

4B-45

Spring Garden
4B-67

R-163 4B-65

4B-83

Sign

4B-91

Girad

Box

4B-133

Start™Of Girad
Pipes or Sign in Girad
Signal Box 4B-161
Columbia

Box

Signal Box 4B-182
Signal Box

4B~-210

4B-220



D)
Wil

Feeler Number

66-67-40-41
55-58
55-58-29-31

27-28,54-56

55-57-29-30
56-57-31
33-35-58-60
55-56-58
66-67-40-41
55-57

56-58

55=58

30-34,55-58
53-54,27-28

70-71

Remarks

4"

2-3"
3511
1"
okay
1 11
2"
okay
6-T7%

ckay

okay

ckay

159

Striking Obstructions
Susquehanna
Mark

Box, Signal On (3)

" 4B-242

4B-264

4B=-272

North Philadelphia
4B-212

Station - Girad
Sigﬁal Box

Exit Sign

Signal Box 3B-313
Alleghany

Girad

Box 3B-331

" 4B-333

Box 3D-341
Identra on Track 3
4B-463

Erie

L-42

Identra Box

- L-40

4B-395



Feeler Number

56=57-«25-30

66-62,40-41
55-29

66-67-40-41

29-30,55-=57

55
66-67-40-41
55-29

34—35

55
61~62~36-~35
55~57-30,31
27-28,53-54

56-60

69-70-44

Remarks

1“
okay

3_4"

okay
okay
2=3"

okay'

okay

lll

4_51!
okay
1_2"
okay
3511

160

Striking Obstructions

4B-413
4B-423

Huntington Park

" 4B-432

4B-452
4B-462
Wyoming
4B-473
4B-192
4B-193
Logan

4B-508

" 4B-513

Exit Sign

On Signal Box

' Car Markers

L-68

Olney L-=56
L-32

Wall

L-24 -



DATE: 8/13/73
R.B. /S
North from Pattison

Station to Station

Pattison

fxi-Oregan Platform

Between Oregan &
Snyder :

Snyder Platform

Leaving Snyder

Tasker Morris

Elsworth - Federal
Platform

SOAC CLEARANCE CAR RUN

Feeler Number

Strikiné Obstructions

5,14

Platform

14,15,16,17,19,20 Signal (#3 Track)

2,3,4,5

3,2

3,4,5
3,6,7,8

161

Leaving Signal
Signal R-6
Away from one end

End of Platform railing
steps

Traln Phone Box
(Relay Box)

Platform

Cable & Conduit
Exit Sign
Signal Box
Signal Box
Platform

Signal Box

Exit Sign

Platform

Remarks

6"

4"

3"
8"
6"

3"

3
3
g
3
3



Station to Station

Leaving Elsworth

Lombard-South
Platform

Train Line

Feeler Number

Striking Obstructions

3,4
3,4,5
1,2

1,2,3,4

EXPRESS

Crossover #3 {(Walnut St.)

#4 Track to #3 Track

Station to Station

Walnut-=-Locust
Platform

Walnut-~Locust
Platform (Express)

#3 Track Express

Feeler Number

Signal Box
Exit Sign

Platform

Telephone Signal Box
Car Mark

Car Mark

Striking Obstructions

14,15

8,9

5
18,17,16
1
5

162

Platform

Car Markers

Platform

Platform
Signal R-38
Low Signal

Air Line

Remarks

3ll

3_4‘n

Remarks

4"

311

3"

-
o
o
1o



Station to Station

City Hall Platform

Race~¥ine Platform

Leaving Race-Vine
FPlatform

.= Spring Garden Plat-
P form )

Fairmount

Girad Platform

Feeler Number

Striking Obstructions

14,15
3,4,5,6
7,8,9,10
5
16,17,18
22,23
14,15

i

5

17,18
14,15

16-23

2-10
22,23
22,21
22,23
22,23
17-20
10-11
10
16-22

14,15 !

163

Platform

Wall

Wall

Air Line

~Catition Sign

Operating Sign

Platform
Alr Line

Air Line

Signal Box

FPlatform

Signal R-12

Ailr Line
Signal &
Car Mark
Car Mark
Car Mark

Car Mark

Box, Low Signal

3867, R-28

Car Marker

Car Marker

38""90 ]

Platform

R-60

Rémarks

an
o
o
1
X
2"

4"

4“

4"

4"

4"



Station to Station

Leaving Girad

Feeler Number

Striking Obstructions

10,11
5

17-23

5
2,3,4,5,9
22

15-23
14-17
23,22
1-10

T 210

22,23
23

23
14,15
23
22,23
18-21
22,23
16-23

16-18
22
17

l64

Car Markers
Air Line
Signal R-56
Air Line
Signal
Telephone Box
R-~-58 (Signal)
Air Line
Operating Signs
Signal Conduit
Signal Box
Operating Sign
Operating Sign
Operating Sign
Electrical Box
Operating Sign
Operating Sign
Stop Sign
Operating Sign
R-64

Air Line

5ign

Car Mark

Signal Box

Remarks

3!!
lll

2ll



‘Station to Station Feeler Number Striking Obstructions Remarks

22,23 Car sign 2"

23 Car Sign 1"
Columbia 18-22 3B-171 3n
16-17 Electrical Box 2"
16-17 Signal Box ‘ 2"
16-21 - 3B-191 2"
15-16 Train Phone Box 2"
20-22 3B-210 - 3"
16-~17 | Signal Box 2n
16-22 3B-224 3n
16-17 Signal Reclay Box 2"
17-22 3B-236 ) 2"
17 Signal Box 2"
17-22 3B-250 - -1
Air Line on
5 3B-261 i 2"
17-22 38-265 3r_
17-22 3B-272 | 3n
N. Philadelphia 14-15 Platform 4
17-22 3B-282 3"
17=22 3B-294 . 3"
5 Air Line 2"
16,17 Signal Box 2"
Alleghany 117—22 3B-313 3
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Station to Station

‘Leaving Alleghany

Erie Platform

Leaving Erie

From Walnut - Locust

Lombard-South

Station to Station

Feeler Number

Striking Obstructions

17-22
22

16
16-17
17-22
16-17
16-17
17~22
17-22
17-22
14-15
5
16,17,18
3-10

LOCAL

Feeler Number

3B-331

Electrical Box
Signal Box
Telephone Box
3B-343

Signal Box (Relay)
Relay Box

3B-354

3B-360

3B-363

Platform

Air Line

L-34,T Crossover

Signal

Striking Obstructions

14-15
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Remarks

o
L
o
o
.
.
o
.
n

Remarks

. Sl'l



" :Station to Station Feeler Number Striking Obstructions Remarks

9 Train Marker 4
4,5 Signal 3"
Walnut-Locust-a 1,2 Platform . 6"
17-23 45B-5 3¢
City Hall Platform 1,2 Platform 6"
- 22-23 Track Sign -1
22-23 Car Sign 7 2"
Race-Vine 1,2 Platform T 6"
Spring Garden 1,2 ' Platform Crossover 6"
Fairmount 14,15 Platform Crossover 6"
6,7,8,9 Exit Sign 61
Girad Platform 1,2 Platform Crossover &"
3,4 Signal Box Crossoverh 6"
3,4 Signal Box : _ ' b

Columbia 14,15 - Platform 6"
Susquehanna 14,15 Plafform Signal- Box 4"
N. Philadelphia 1,2 Platform 4n
2,3,4,5 Signal Box 4
Alleghany 14,15 o
2-5 Signal Box 6"
2-5 = Signal Box 6"
Erie Platform 1,2 Platform a8
3,4 Signal Box 6"
Huntington Park 14,15 Platform o™
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" istation to Station

Leaving Huntington
Wyoming Platform

Lodan Platform

Leaving Logan

Olney Platform

Feeler Number

Striking Obstructions

3,4
22

14,15

14,15
3,4

9

9.
8,9
4,5,6
1,2
4,5,6
22-24
18

10-11

168

Signal Box
Special Signal
Platform
Signal Box
Platform
Signal Box
Exit Sign

Car Mark

Car Mark

Signal Box Crossover

Platform
R=56

Lights

Air Line

Car Mark

Rema rks

-
3
o
3o
g
3o
av
an
3
g
6
4
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PANTOGRAPH (REMOVABLE}

. ‘ o .
FLOOR HEIGHT
VﬁFHABLE

, | ::1}
' L] L ] - L L ] » [ ]
A 0a ) (1 00 Clefiy L[
CAR HEIGHT . -
VARIABLE ~e= ‘
[ . L=
OO Tor OF RAI, OO, el
: . l v 8% "4
L 10ravn e 3 TRUCK s 540" — ____L___T...: T“Uf" NUMBER 1 END OF CAR
'-— T’B" — : —_"TIRY .
5 _ e TRBYRY
w‘
PERFORMANCE AND DESIGN CHARACTERISTICS: !
[ T £ veve. T5Feet o
ne : ee PERFORMANCE CAPABILITY
Width ... .. o iiisiiriennias e .. 9.75 Feet iy \ :
Minimum Track Curve Radlus ........... 145 Feet T - ' \ sency
a,l \ \ ey BASIC CAR PLUS 100 PASSENGERS
Passenger Capacity (No. 1 car) = . \ \
Seated ........... verireees e 64 c’;‘“f o f/ SCHEDULE SPEED CAPABILITY
Nominal 100 W \\ {20 SECOND STATION STOP)
L LI B I 2 “ LI T I B I R B B I B BN B B I BN BN RN R ) m
Maxi ; 220 @ . \ \ STATION SCHEDULE
axmum ..... PP Neesrennan Cheseaa n . \ \ SPACING SPEED
- Speed REEEERERERY Faenaiatanrenennrras 80 MPH I | \ \‘ _ 5 MILE 24 MPH
Acceleration, inltlal .. ..........0.. 3.0 MPH/SEC. % » « -,- B " ‘ 1.0 MILE 36 MPH
- . 4
JErk Rate v.vvveeerenenrnnnnnnss 2.5 MPH/SEC, s M- SECONDS avenace weeze 15 MILE -4,MPH, "y
; . bt 1 LEES @ (5 5PH AV BPEED mmmemarreiied, BETWEDN - 4') th}f/ .
[ 600 V.D.C. Nominal e LA MRE @ 3 4870 AV BOEED -] ] STATIONS
Nolse Level, interlor ............ 75 dBA @ 45 MPH"
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I. 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 i}
- Rapid Rail Vehicle and Systems (URRV&S) Program. This program is

an integrated development program directed téward improving 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, reli-

able, safe and economical as possible.

Boeing Vertol's tasks under the URRV Program are:
1. Monitor the BART Program
2. Using current technology in car building, have designed
and built two new State-of-the-Art Cars (SOAC). Upon
completion of the test phase at the High Speed Ground
Test Center (HSGTC), demonstrate the cars to the transit
authorities and the riding public in New York, Boston,
Cleveland, Chicagc and Philadelphia.
The objective of the SOAC is to demonstrate the best -
state-of-the~art in rail rapid transit car desiagn, with
two new improved cérs using existing proven technoloqgy.
Primary goals for the cars are passenger convenience and
operating efficiency.
3. Conduct an industry-wide design competition and award a
contract to produce an Advanced Concept Train (two-car
T train), ACT-1. Demoﬁsqrate these cars in the same five

cities as the SOAC.
1380,



Concurrent with ACT-1, conduct industry-wide
design competition and award contracts for the
Advanced Subsystems Development Program (ASDP).
Incorporate some of these systems in the SOAC and
demonstrate again in the five cities.

Perform planning for an operational demons£ration
of the ACT train.

Perform an economic analysis of BART and SOAC.

Perform a human factors evaluation of BART and SOAC.
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direction from Boeing Vertol personnel. All Boeing Vertol

and Garrett SOAC team members shall be authorized to operate
the SOAC's in the yard and on the Broad Street Subway with a
SEPTA 1ine supervisor in the cab. Details of SEPTA support
required are contained in Sections VI and ViIi. The demonstra-
tion at SEPTA will start in February 1975 and will be completed

within six weeks, according to the schedule shown in Figure 1.

As indicated on the schedule, engineering tests will be con-
ducted at the end of the demonstrat%on at SEPTA (see Section V

for details).

QPERATING SCHEDULE

The SOAC's will operate six days a week on the Broad Street
Subway between the hours of 9:30 a.m. to 2:15 p.m. and 6:30 p.m.

to 9:15 p.m. The run schedule is given in Appendix A.
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L/

Truck. Assembly and Suspension System
Coupler

Operator's Cab

Hostler

ACT-1 (Advanced Concept Train)

Technical Presentation

On the following day a more technical presentation will be
given to those SEPTA personnel reguiring a more in-depth under--
standing of the SOAC. Boeing Vertol and Garrett technical
personnel will be available to answer guestions concerning SOAC
peculiar hardware. The outline for this presentation is as
follows:

PROPULSION SYSTEM

Master Controller

"P" Generator Panel

Propulsion Power Control Unit (PPCU)

Propulsion Control Unit (PCU)

Input Reactor

DC Chopper

Smoothing Reactor

Traction Motors

Traction Cooling Fans
Gear Box and Coupling

BRAKE SYSTEM
Dynamic Braking
Friction Braking
Handbrake (Parking)

AUXILIARY POWER SYSTEM

Auxiliary Power Control Unit (APCU)
Motor Alternator (M/A)
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Handling Material
Working on or Adjacent to Track Roadbed
Working on Laddefs, Scaffolds, Pit Boards and in Pits

Six-~Hundred (600) Volt Power Removal

Operational Safety

SEPTA will provide instruction in the following specific areas

and any other instruction deemed necessary for safe operation

" of the Boeing Vertol SOAC team while at SEPTA.

Public Relations

Fire and Fire Prevention

Car Opeation in a Yard

Proper use of Whistle, Buzzers, Color, Telephone Public
Address, Radio and special lights in emergencies and
in communications

Automatic, fixed, interlocking, automatic block and
miscellaneous signals

Signal aspects and indications

Flagging rules and safety procedures

Automatic Key-By
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(The SEPTA representative has the ultimate responsibility for
safe movements within the SEPTA property.) These individualé
will coordinate train movements with the Engineering Test

Program Project Engineer.

After set-up of the instrumentation, SOAC will be run on sec-
tions of the SEPTA line to verify that SOAC acceleration and

deceleration rates are acceptable to SEFPTA.

SOAC will make the first trip over tﬂe line at a reduced speed
to insure that the detérmination of SOAC/SEPTA system clearance.
which has been made is satisfactory. (The clearance run shall
include a run down Ridge Avenue to the PATCO interchange.)
During this clearancé run, radio communications will be checked.
After the clea;ance run, additional round trips may be made over
the line as required to provide motorman checkout. The test
parameters will not be recorded until a near schedule service
run can be reasonably assured. These runs will be made at
times designated by SEPTA, but usually between the hours of
12:30 a.m, and 5:00 a.m; The following procedure will: be

followed by Boeing Vertol test personnel:

1. One hour prior to scheduled test run, begin Instrumen-
tation Checkout (two hours prior if this is a test run

only).

2. During Clearance and Motorman Checkout Runs, test

perscnnel shall:

Calibrate all data channels {performaﬁce, ride quality

d st t 1).
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Check out equipment temperature recording system.

Provide written notice to instrumentation engineer
on special instructions (quick-look parameters,

special event markers, etc.).

Acoustics test engineer to obtain all reguired wayside

measurements.
During the Test Run:

The Boeing Vertol Operations Team Leadman will complete
a log sheet with a complete log of all relevant events

occurring during the run.
Equipment temperature will be monitored.

Quick-look parameters will be monitored, with special
incidents recorded with system tape footage for correla-

tion during future data dnalysis.
Post Run:

The instrumentation system will be given a post-run
checkout and shut-dowh. To assure adeguate record and
data identification, everyone will provide a copy of
their data logs and correlate them with the instrumen-

tation data log prior to leaving the wvehicle.

Organization

The organization for the Engineering Test Program is given in
g g

Figure 2.
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ENGINEERING TEST

PROJECT ENGINEER
R. Oren - Boeing

ACOUSTICS

D. Carmichael
Boeing

LEAD
INSTRUMENTATION
ENGINEER

R. McCommon - Garrett

e

INSTRUMENTATION
ENGINEER

" W. O'Connor - Garrett

SOAC SEPTA ENGINEERING TESTS ORGANIZATION STRUCTURE

FIGURE 2
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designated by him. In addition to the Boeing Vertol/Garrett
SOAC team, SEPTA personnel will be on board the train any time
the SOAC is operating over the SEPTA system. These personnel
and their functions are as follows:

Line Supervisor - As designated by Superintendent of

Transportation: Will have prime responsibility for
operation of SOAC within the SEPTA system during the test.

and operational demonstration program.

Car Repairman: Will coordinate with Boeing Vertol and

Garrett team leaders and will perform or cause to be per-
formed any corrective actions required to move the train
in the event of a SOAC breakdown. (Emergency procedures

for corrective action are contained in Appendix B.)

The Boeing Vertol SOAC Demonstration Organization is shown in

Figure 3.
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PROGRAM DATA

Boeing Vertol
C. Murnin

SOAC REVENUE SERVICE DEMONSTRATION TEAM
PROJECT
ENGINEER
Boeing Vertol
R. Line
|l
| I |
OPERATIONS GARRETT MAINTENANCE
TEAMLEAD LEAD TEAM LEAD
Boeing Vertol Boeing Vertol
W. Cobb B. Byrne G, Tuson
|
= .
[Ne]
0 GARRETT DRIVER GARRETT
AND PROPULSION SYSTEM MAINTENANCE
SYSTEM MAINTENANCE
A. MclIzzie
G. Davis N. Karatsonyi

FIGURE 3

VENDOR SUPPORT
AS REQUIRED







Install brushes in traction motors (48 sets).

Remove lockwire on two~-way valve from brake pipe/
emergency to analog unit "A". Reset valve closing

line. Lockwire handle in position.

Remove lockwire on two-way valve from brake pipe/
emergency pipe to triple valve. Reset valve

closing line. Lockwire handle in position.

Remove lockwire on three-way valve from analog
unit "B" to brake supply reservoir. Reset valve

closing line. Lockwire handle in position.

Remove lockwire on three-way valves from analog
units "A" and "B" to wheel cylinders. Reset valves

to open supply to wheel cylinders.

Remove lockwire on angle cocks front and rear of

car. Reset angle cocks, closing supply to couplers.
(Note: Cars are now set-up for single car operation
If cars are to be coupled in two car train, angle
cocks on rear of car must be reset to open position.)

Remove wire holding trip cocks in up position,
allowing them to return to normal down position.

Remove trip cock sealing plates. Relocate trip

cocks to be compatible with SEPTA track trips.

Remove shipping washers from Ross valve front and

rear of car.
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2. MAINTENANCE PLAN

DAILY
Operator (Typical, designates skill reguired to perform
maintenance)
De-energized (Typical,- designates car condition)
Air Compressor (Typical, designates systcm)
Check 01l Level, (Typical, designates action)

Operator
Energized
Radio/Communications
Check Operation

Operator
Energized

Wheel Brake Unit .
Check for Correct Operation during Functional Test

WELEKLY .

Operator
Encrgized

Brakes
Check the gap between brake shoe and wheel, 5/1¢ in,
gap should be maintained. Check hrake shoe for
lining thickness. 1/2 in. minimum.

Mechanical

De~-energlzed
Main Reservoir
Drain Reservoilir of Water

MONTHLY

Mechanical
De-energized
Wheels
Inspect wheels for cracks, flat spots, spalls, wear
high flange, thin flange. false flange, grooves,
heat marks, elastomer condition, built-up tread, etc.

Alr Diffusers

Inspect for loose, missing, broken pairts, and hardware.
Check adjustable vanes for freedom of movement.

Coupler
Lubricate coupler mechanitm. Check filter for water,
drain, inspect air lines for tightness, inspect
electrical connections for security. Inspect elec-
trical contacts.
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components for secure mounting, clean operator
assemblics.

Electrical
De-energized

Door Operators .
Inspect all electrical connecticons. Check motor
field diode. Inspect all electrical panels for
loose conncctions. Check for worn frayed wiring.
Check diodes, clean, inspect 600 V panels. Check
resistance to ground.
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LERE
s

SOAC SET-UP FOR TRANSIT TOQ PATCO

At the completion of the SEPTA demonstration it is
planned that the SOAC cars will be transferred to the
PATCO line via the Ridge Avenue interchange. The
cars will be driven to the interchange by SEPTA and

turned over to PATCO,

The SOAC support car (box car) will be transferred to

PATCO by railroad.
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{c)

(d)

and those under influence of intox-
jcants and unable to take care of
thenselves, shall be kept on the train
until they can be turned over to a
stationman, porter, supervisor, or
other responsibile person,

A red flag for cmergency use is located
near the center of all station platforms
which may be placed at the edge of plat-

form by passengers, stationmen, cashiers

or other persons to flag trains when un-
autliorized pesrsons are in the track, or
in other emergencics.

After train has been flzgged, employe
shall notify T'rain Dispatcher. Cashier
shall request passengers or any avail-
ablc person to wave flag across track from
edge of platform to stop train. If no
other person is available, cashicr shall
leave booth and flag train as described
above. Motorman shall steop train immo-
diately when such as signal i1d displayed
and shall telcphone Train Dispatgher for
instructions.

Employes shall familiarize themselves
with the location of emergency flag
hung near the center of all station
platforms.

Employes must. submit written reports of
all such incidents to the Superintendent.

General Superintendent-Transpertation
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COIL AND MARKER SEFTTINGS

SOAC trains must be equipped with a coil - on the forward
end of train only - set according to TYPE shown on trip sheets.

MARKERS and destinatlon signs must correspond to type shown.

h

NB or SB

TYPE T SET TYPE OF

{set coil) MARKERS SERVICE DESTINATICHS
A White . Broad Local Fern-Rock -~ Pettison
B Grecn Broad Exp. - Fern-Rock -~ Pattison

(skip Alleghcny, Deuphin
Columbia, Fairm't)
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EMERGENCY TEI.EPHONE DIRECTORY

Tclephone Numbers to be Called to Report Emergency, Including
Fire and Snoke

B I.l !
S EPTA SYETEM
CALLS TO DISPATCHER AUTOMATIC QUTSIDE EXTENSIOHN
Emergency Train ~ ,
Dispatcher 2781 DA 9-1333 266
Emergency Surface -
Dispatcher 2721 PA 9-9400 266
Emergency Powver | .
Dispatcher ' 2621 DA 9-9626 266
CALLS TO FIRE DEPARTHENT
Direct to Fire Radio ' 2500 | LO 3-6700 -
CALLS TO POLICE DEPARTIMENT )
Direct to Police
Radio 2701 911 -
Transit Police Unit
{Concourse Area) 2738 - © e

GENERAI. CALLS

-

For general call te Authorlty Offlces and separtments
from outside, Bell Phone - DA 9-4000
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APPENDIX C

SEPTA RESPONSIBILITY

TECHMICAL, AND SEMI-TECHNICAL PRESENTATION

-+

The SOAC Technical and Semi-technical presentation will
be held at the SEPTA Board Room, 200 W. VWyoming Avenue,

Attendance of this presentation will be deterhined by

Mr. A. R. liunsch.

SAFETY BRIEFING

#

Safety ﬁrieflng"will‘be given by Mr. E. Rudisi}l
(Transportation Dcpt.), Mr. C. Griffin (Facilities Dept.?
and Mr.W.. Griffin (B. S.%S. Dept.) to the Boeing Vertol =

SOAC Tecm.
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These briefings will cover safety rules and regulations
for the entire B.S5.S. System, including operational safety

instructions.

MATNTENANCE

All maintenance will be performed at the direction and

and under the supervision of Boeing Vertol, with manpower fur-

nished, as required, by Mr. J. Wiesinger - Shop Superintendent

{Fern Rock).

Inspection of critical systems (e.g., brakes, wheels,
etc.), will be accomplished by Shop Superintendent (Fern Rock)

in the same manner as inspection of all other B.S5.5. equipment.
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APPENDIX TII

REVENUE SERVICE SCHEDULES

New York City Transit Authority
Massachusetts Bay Transportation Autheority
Cleveland Transit System

Chicago Transit Authority

Southeastern Pennsylvania Transportation Authority
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SPECIAL NOTICE
TO

ALL PERSONNEL OF THE RAPID TRANSIT DIVISION
AND ASSOCIATED SURFACE LINES DIVISIONS

RE: THE STATE OF THE ART CAR - REVENUE
DEMONSTRATIONS ONR THE RED LINE EFFECTIVE
TUESDAY, AUGUST 20, 1974

The following is the proposed schedule concerned with the
operation of the State of the Art Car on the Red Line. The
scnhedules, as posted, will Le odhered to unless unforeseen
circumstances arise, Station personnel should be kept informed
of any changes so that the general public will not be inconvenienced.

The State of the Art Cars will alternate, every two days,
Monday through Friday, between Harvard and Quincy and Harvard and
Ashmont. The first two days will be on the Harvard and Quincy line.

Routes 933 and 934 - 933 Harvard to Quincy, 934 Quincy to Harvard.

933 -~ Leave Harvard 10:08AM 11:12AM 12:16PM 1:20PM 2:24PM Lay up
. . Quincy
934 ~ Leave Quincy  9:37A 10:41AM 11:45AM 12:49PM° 1:53PM

933 - leave Harvard  6:24PM  7:28PM 8:35PM Deadhead to Cabot Center
934 ~ Leave Quincy 5:54P 6:54PM B8:03PM

Routes 931 and 932 - 931 Harvard to Ashmont, 932 Ashmont to Harvard

831 - Leave Harvard ' 10:04AM 1l:08AM 12:12PM 1:16PM 2:20PM Lay ur
at Codmar .

932 -~ Leave Ashmont 9:33AM 10:37AM 11:41AM 12:45PM 1:49PM

931 - Leave Harvard 6:36PM  7:40PM  B8:45PM Deadhead to Cabot Ctx

i

932 - Leave Ashmont 6:04PM 7:06PM B8:10PM |

227



RE: STATE OF THE ART CAR -~ REVENUE DEMONSTRATIONS ON THE RED LINE
EFFECTIVE TUESDAY, AUGUST 20, 1974

SUNDAY 'S SCHEDULES

Leave Harvard 9:40AM 10:40AaM 11:40aM

Leave Ashmont 9:10aM 10;1DAM 11:10aM 12:10PM. Off at Harvard Sstore
head of track #8

Leave Harvard 1:48PM 2:48PM 3:48PM . 4:48PM 5:48PM 6:48PM ]
7:53PM Deadhead to
Cabot
Leave Quincy 2:18PM 3:18PM 4:18PM 5:18PM 6:18PM 7:18PM

Note: Sunday schedules subject to change for special functions.

Note: Train Starters and Yardmasters. Whenever the SOAC train comes off
the road either for relief or to Cabot Center a two-or four~car
relay must be available to £ill in the schedule with the scheduled
crews., During the schedulel operating periods the scheduled crews
will be on board the SCGAC and will pick up their scheduled runs
when it comes . off,

All moves into or out of Cabot Center must be ¢oordinated with
Central Control.

All speed restrictions must be adhered to at all times and
movements over all bridges must be cooxdinated with Central Control

A7 /{x/fm

R. M. Ccaddig
Supt., Rail Lines

RMC :mke

August 21, 1974
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Oct.

Nov.

Oct.

Dec.

25
26
28
29
30
31

3
22
23

25

26

28

O -3 v 1 = W N

10

CLEVELAND TRANSIT SYSTEM

& 27

- 21

- Dec.

& B

1

DEMONSTRATION DATES

Revenue Service

Weekend - Not Scheduled
Revenue Service

Revenue Servicé

Revenue Service

Revenue Service

Revenue Service

Rail Fan Trip

Out-of-Sexrvice, Axle Modification
Revenue Service

Weekend -~ Not Scheduled
Revenue Service

Revenue Service

Revenue Service

Not Scheduled - Thanksgiving Holidays
Not Scheduled - Snowstorm
Revenue Service

Revenue Service

Revenue Service

Not Scheduled - Awaiting Parts
Weekend - Not Scheduled
Revenue Service

Revenue Service
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RAPID TRANSIT

- WESTBOUND

CLEVELAND TRANSIT SYSTEM

SOAC SCHEDULE

55X

Lv Lv
BLOCK NO, WIND. C.U.T.
5 829 845
5 1009 1024
5 1139 1154
5 109 124
5 236 252
55X 411 427
55X 544 600
RAPID TRANSIT - EASTBOUND

Lv Lv

BLOCK NO. AIRPORT BROOKPARK
5 920 923
5 1052 . 1055
M5 1222 1225
5M 152 155
SM 322 325
55% . 459 502

WEST PK.

859
1037
1207

137

306

441

LV

WEST PK.

928
1100
1230

200

331

508

ARR

BROCKPARK

905
1042
1212

142

312

447

ARR.

C.U.T.

9241
1113
1243

213

345

522

609

ARR,
AIRPORT

208
1045
1215

145

315

450

ARR.
WIND,

957
1128
1258

228
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HOWARD DEMPSTER , HOWARD
RUN EQUIPMENT LEAVE  ARRIVE LEAVE EQUIPMENT ARRIVE LEAVE
529 CTA 9:10 A 9:173A Howard St. Extrs Switchnan D. 1[, te Skokie Shep P,U. Soac
Leave SkokZle with aid ef Clolilo Switchman and bring SCAC te
Dempstora rreom there Lelle C A Car at Howard Street THEN:-
- 9:28AM SONG Q:2r 00N
301526 CTA 9:25AM 913238 9:L3AM A 9:C0AM  9:55AM
Lz 8CAC 9:40AM  9:474A  9:50AM BCLC 10:07 AN 10:1001
526 CTA 9:55AM 10:023A4 10:13AM CTA 10:204AM 10:25AM
2GNCET SCAC 10:10£M 10:172A 10:28AM SO0AC 10:257 AN 10:hOAM‘
526 CTA 10:250M 10:323A 10:43aM CTA 10:5034M 19:55Aﬁ CHICAGO TRANSIT
L5921 swac 10:40AM__10:47IA 10:58AM SCAC 11:0670M 1122080 AUTHORITY
Y 526 CTA 10:55AM 11:023A 11:13AM CTA 11:203AM 11:25AM .
vy SCh 11:104M 11:372A 11:28AM SOAC 11:°50A0 1L:H0AN
526 OTA  11:25AM 11:323A 11gl3AM CTA  11:503AM 11:5EAM .
527 LOAC 11:L0AM 11:h7.A 11:08AM SCAC 12:007 =) 12: 10PN
526 CTA 11:55AM 12:024PM 12:13PM CTA 12:204PM 12:25PM
Y SCAC 12:10PM 12:17%P 12:287H SOLC 12:25) 1 123081,
526 CTA 12:25PM 12:324P 12:42PM CPA -~ 12:504PM 12:55PM
= SCAC 12:LOFH 12:474P 12:58%Y SOALC 1:0670M  1:1CFM
26N5 3l CTA 12:55PM 1:023P  1:13PM CTA 1:204PM  1:25PM
Truste 502 1:107M  1:175P  1:28TM SCa% 120070 1 OrM
53k CTA 1:25PM  1:324P  1:LL3PM CTA 1;503PM 1:55FM
S gae 1:0PM° 1:h7)P 1:50FM SOAC 2:007 7 2:10TH




b i s e e e et e it i e b s e s RS LS e B el s L2

DEMPSTER

HOWARD
RUN EQUIPMENT LEAVE ARRIVE  LFAVE
534 oTA 1:55PM 2:022PM  2:13PM
535 SCAC 2:10F% 2:175PM  2:20PM
53l CTA 2:25PM 2:325PM  2:43PM
€35 . SCAC 2:10FM 2:73PM  2:58PM

ZEe

i HOWARD'
EQUIPMENT °~  ARRIVE  LEAVE
CTA 2:204PM  2:25PM
SOLGC 2:35YFM  2:L0FM
CTA 2:504PM  2:55PM
s0aC 3:055PM  3sI0FK Extras Switchm

men will rellisve Crew and D.H., with SCAC
trein te Skokle Shops.

Howard St. Yard Foreman wlll see that a
CTA Car or Artilculated unit is P,0. by
Switchman for Run 535 the 3:10PM inberval
to Dempster Skelrle,
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STATE-OF-THE-ART CAR

PSS |

SOUTHBOUND
) 5| s 8 % :
MONDAY thru FRIDAY

AM. AM AM AM AM AM
9.40 943 9.50 958 10.03 10.14
11.17 11.21 11.28 11.36 11.41 11.52

PM PM PM P PM PM
12.55 12.58 1.056 1.13 1.18 1.29
6.33 6.37 6.44 6.51 6.56 7,07
8.03 8.07 8.14 B.21 B.26 8.37

SATURDAY

AM A AM AM AM AM
9.39 942 949 957 10.02 10.13
11.24 11.27 11.34 11.42 11.47 11.58

M PM PM PM M PM
1.16 1.20 1.27 1.34 1.39 1.80
3.01 3.05 312 3.19 3.24 3.35

J
w NORTHBOUND
L ) g
i 3 : 3 i 4
5 z g & 2 a ]
MONDAY thru FRIDAY

AM AM AM AM AM AM
10.25 10.36 10.41 10.48 10.55 1059

PM PM PM PM PM PM
12.03 12.14 12.19 12.26 12.33 12.36
1.40 1.51 1.56 2.04 2.10 2.14
F.11 7.21 7.26 7.33 7.40 7.44
8.41 B.51 8.56 9.03 9.10 9.14

SATURDAY

AM AM AM AM AM AM
10.32 10.43 10.48B 10,55 11.02 11.06

PM PM M P PM PM
12.17 12.28 12.33 12.40 12.47 1251
2.10 2.20 2.25 2.32 2.40 2.44
3.55 4.05 4.10 4.17 4,25 4.29

Additional weekday SOAC trips will be
scheduled to sporis events at the Spectrum.
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"I Chiltor .esearch Services
Philadelphia, Pennsylvania

CRS Job £8353
Int, # OMB #_ 04-573023

(1~-3} Date June, 1974

K TRANSPORTATION STUDY ~ RIDER QUESTIONNAIRE

INTRODUCTION: Good , My name 1is calling for
Cnilton Research Services in Philadelphkia, Pennsylvania. We are dolng a marketing
rescarch survey for the U, §. Department of Transportation and would like to ask you
"a few short questions regarding the sublect of transportation.

Time Int. Began AM. P.M.

Time Int. Ended A.M. P.M,’

1. A few days ago, you were kind enough to give our representatlve your name while on
board the new car running the (LINE) » About how many times would you say
you rode Iin the new car since it has been on that line?

& 4~
' ASK Q. 2 Oace - 1
Twice : 2
- © SKIP - | Three times 3
TO Four times ; .4 :
Q. 3 Fi:e or more times
{SPECIFY) 5
TERMINATE IF SURE YOU | None. No knowledge 6
HAVE LISTED RESPONDENT of new car
2, Did you sit during your trip; stand during your trip, or both sit and s;ahd?
: o 5~
. SKIP Sat 1
TO _ Stood 2
’ Q. 4 Both 3

3. Since you have ridden the car more than once, I would like to know if you sat or
stood during the trip. Did you sit during all your trips, stand during all your

trips, or both sit and stand during your trip? o
) 6~

Sat 1

7 . . ) Stood 2

233 Both ‘ 3







ITEMS

RATING

19, The ride of the car in regard to side-to-side motion

(61-63)

20. Having to pay an extra 5 cents to ride this type of car

(64-66)

STATEMENT BEFORE RATING ITEMS 21 to 27.

(CHECK BACK TO Q. 1. IF RESPONDENT RODE THE CAR MORE THAN ONCE, READ THE FOLLOWIKG
IF RODE ONLY ONCE, GO DIRECTLY TO ITEM 21).80-

Since you have ridden rhis train more than »nce, we would like you to evaluate these
next 7 statements for only the car you were in when we obtained your name and address,
According to our records, that would be the (DESCRIBE CAR).

=

END CARD 1}

21, How close the people.have to sit together Qﬁégs) A
22, The width of the aisle - (7-9) _
23, The leg-room when one 1is sitting in the car (10‘12),”’
24, The materials the seats are made of <13'15):/
25. The paddiﬁg of the seats ~ (16”1823/
26, The overall comfort of the seats (19“21?,'
®l 27. Having a hand-hold on the back of the seat to hold on p;
to while standing ' (22”QQL’

REMEMBER +100 to+ 1 ARE THE FAVORABLE RATINGS AND
=100 to -1 ARE THE UNFAVORABLE RATINGS. HOW WOULD YOU RATE:

same as the cars that run regularly?

(CIRCLE APPROPRIATE CODE)

Now, I'd like to ask just a couple short questions about the new car you rode in,

5. Under normal use, do you think these cars will show dirt more, less, or about the

25~
More 1
Less 2
About the same 3
Don’t know" &4

6.

Would you say the tinting of the windows 1is too dark, too light, or just about

right?

237

26—
"Too dark 1
Too light 2
About right 3
Don't know 4




,,?_

Do you think that the fare you are now paying for public tran5portgtion covers
the entire cost of the ride?
27-
3 Yes 1
HNo 2
bon't Know| 3
8. Do you feel that the federal government should help to pay for purchases of
new equipment?
- 28—
Yes 1
No 2
Don't Know| 3
9., Do you feel that the government should give money to transportatlon companies
50 s to keep fares down? o 29~
Yes 1
Ko 2
Don't Know| 3
10, If you had your‘choice, which of the following would you pick: (READ)

30~
A car with less seats but 1
ample entry and exit
OR :
A car with more seats but 2
restricted entry and exit
DA 4
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11.

+

' Suppose you were a designer and you were going to design the elevated or subway

car of the future. We want to know how much importance you will attach to certain
parts of the car you will design. Now, to do this, I'm going to read you a list

of items and you tell me how important each item is by using any number from zero
to 100, 1If the {tem is extremely important, you pick a number at or near 100.

If the items is of very little or no importance, you pick a number at or near zero.
And you can pick any number between 100 or 0. Rewember, for each item I am going
to read, tell me how important it 1s to you when designing this new car. Now,

with 100 being very important and 0 being not at all Important, how important is:
(READ FIRST STATEMERT)?

ITEMS RATING

1. The cleanliness of the inside of the cars (31-33)

2. The cars having the right temperature during hot weather (34-36)

3. The overall comfort of the seats (37~39)
4. If you have to stand, having something to hold on to (40~42)
5. Being able to see out the windows while sitting (43-45)

6. A low level of noise from the train when ome is riding
inside the car. (46-48)
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o

G. How frequently during theé averrge month do you use the following types of trans-
portation? (READ LIST AND RECORD)
- - Times per month Wever
City Buses (57-58) 0o
Commuter trains (59-60) 00
Subway or elevates?1702) 0o
Trolley cars (63-64) 00
H. What 1s your occupation? 65~
66H-
I. Into which of the following groups does Under 20 1
your age fall? (READ LIST)
20 to 29 2
30 to 39 3
40 to 49 4
- 50 to 64 5
65 or older 6
DO NOT READ Not determined 7

J. Finally, into which of the following categorles did your family's total income
for 1972 fall before taxes? (READ LIST) '

) 67-
Under $5,000 . 1
$5,000 but less than $10,000 2
$10,000 but less than $15,000 3
$15,000 but less than $20,000 4
$20,000 but less than $25,000 5
$25,000 or over _ 6
DO NOT READ Not determined | 5
‘K., Record sex: ' 68~
Male 1
241
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Female i




INTERVIEWER RECORD FOLLOWING INFORMATION FROM CARD:

Time of trip:
: 69~
6 A.M. to 9 AM, 1
- . 9:01 A.M. to 4 P.M. 2
4:01 P.M, to 6 P.M. 3
After 6 P.M. 4
M, Crowd conditions of car:- _
70~
Less than 1/2 seats occupied 1
- More than 1/2 seats occcupied but 9
no one standing
- Just a few standing 3
Many people standing 4
N. Length of trip: 2 1=
-~ | Less than 5 minutes 1
5 to 15 ﬁinutes .2
Over 15 minutes 3
0, Car respondent was in: 72~
Car with tables 1
] Car without tables 2
P, City in which interview was conducted: 73-
Boston 1
Chicago 2
Cleveland 3
New York 4
Philadelphia 5
Respondent’s Name
Telephone 80-2
. EXD CARD 2
Interviewer's Name Date
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APPENDIX V

TRANSPORTATION STUDY=-GENERAIL SURVEY QUESTIONNAIRE
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Respondent’s Nama

-t

Telephone #

Interviewer's Name

(=1

4
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Date









