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PREFACE =

This test report, presenting the results of tests on the
State-of-the-Art Cars, derives from the efforts of two agencies
of the U.S. Department of Transportation: the Rail Programs
Branch of the Urban Mass Transportation Administration's

Office of Research and Development and the Transportation
Systems Center.

UMTA's Rail Programs Branch is conducting programs to improve
urban rail transportation systems. The Transportation Systems
Center (TSC) is supporting UMTA by providing systems management
for the Rail Programs Branch's Urban Rail Supporting Technology
Program (URSTP) in the design, construction and operation of

* UMTA test facilities, the analysis and testing of vehicles and
components, and the development of key technological data.

This test report stems from the second of the four URSTP
tasks: . facility development, test and evaluation, technology
development, and application engineering.

Boeing Vertol Company had previously been engaged by UMTA as
systems manager for the Urban Rapid Rail Vehicle and Systems
Program (Contract DOT-UT-10007). One phase of this vehicle and
component development program is the design, development, and
demonstration of two State-of-the-Art Cars (SOAC) whose

primary objective is to demonstrate the best current technology
in-rail rapid transit car design.

Following selection by Boeing and UMTA, the St. Louis Car
Division of General Steel Industries built and delivered two
SOAC cars to USDOT's High Speed Ground Test Center (HSGTC),
Pueblo, Colorado in September 1972 for developmental and
acceptance testing. This test facility permits the use of
known track and grade conditions for test operations (without
interfering with revenue service); it also allows a large-
scale test plan to be completed in a relatively short period
of time. (UMTA's Rail Transit Test Track at the HSGTC became
available for rail rapid transit vehicle testing in August
1972.)



In February 1973, TSC awarded Boeing Vertol Company the con-
tract to perform engineering tests on the SOAC vehicles.

The objective of this program was to provide engineering data
on the SOAC and to develop further the General Vehicle Test
Plan methodology for providing wvehicle comparisons (defined
in GSP-064). This methodology for controlling test variables
by standardizing procedures and data requirements was
developed in 1972 and was successfully checked by a series

of tests using NYCTA R-42 type cars on the initial track
section in March 1972.

The results of this initial phase of the program was reported
in a six volume report, SOAC State-of-the-Art Car Engineering
Tests at Department of Transportation High Speed Ground Test
Center Final Test Report, January 1975, UMTA-MA-06-0025-75.

The tests reported in this document are the result of the
second phase of the SOAC Engineering test program. From
April 1974 through May 1975 the SOACs were on a Demonstration
Program through five different transit properties. An each
of these properties a simulated revenue service test was per-
formed. The data was analyzed and presented here as a method
to compare the TTC with the transit properties and also to
promote future comparisons of various vehicles and subsystems
with SOAC.




- APPENDIX A
TESTING AT BOSTON

TEST DESCRIPTION

As part of the Operational Test and Evaluation Program,
the State-of-the-Art Cars were in the Boston Area from
July 25th to September 16, 1974. The period during
vehicle setup and checkout was used to install the
engineering instrumentation system and to perform the
Simulated Revenue Service Tests.

Test Site

The SOACs were operated in revenue service on the
Cambridge - Dorchester Red Line of the MBTA rail rapid

- transit system (Figure 1-1). This line runs through

Cambridge underground from Harvard to Kendall stations.
It crosses the Charles River via the Longfellow bridge

to the Charles station. It returns to an underground run
from Charles to Broadway stations. Beyond Broadway the
line is at grade level to the end of the route. The
route is split south of Andrew station with one run
continuing to Ashmont and the other continuing to Quincy
Center (formerly the South Shore Line). The service on
the Harvard-Ashmont route is 9 miles long with 14
stations and has a scheduled run time of 22 minutes. The
Harvard-Quincy Center route is 11.8 miles, 12 stations
and has a scheduled run time of 23 minutes.

Test Operations

The test plan was to operate the SOACs in simulated
revenue service over the test routes. For safety and
operational reasons, vehicle operation was entirely under
the control of MBTA personnel during the tests. The only
requirement imposed by the test was to maintain the
normal scheduled service as close as possible and to
simulate the normal station stop by opening the car doors
on the side opposite to the station platform.

The test runs were conducted late at night and early
morning hours in order to have minimum interference
with revenue service. The scheduling worked well during
the MBTA tests for there were few work crews out on the
tracks during the test period and no incidents occurred
which would influence the test runs.



A set of test runs was accomplished on the evening of
August 9th. As the test progressed it became apparent
that the vehicles had excessive wheel flats which induced
a non-characteristic vibration in the car body ride
quality.

The vehicles were subsequently scheduled through a wheel
truing operation and the tests were repeated on August 13,
1975. ©No significant events occurred to detract from the
validity of these tests runs and it is the August 13th
data which is presented here.,
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TEST PROCEDURES

Pretest

1. Mount all required sensors

2. Calibrate Instrumentation System

3. Brief Test Crew on Test Operations
NOTE:
One vehicle is instrumented for noise measurements,
avoid other than normal conversation.

Test

1. Operate the vehicles in a simulated revenue service,
i.e. maintain the given schedule.

2. Provide é nominal 10 second door opening at each
scheduled stop.

3. Provide voice commentary on instrumentation recording
during progress of test.

4., Maintain a manual log of events during the test run,
correlated to ﬁhe instrumentatiqn syétem récords.

5. Monitor various preselected data channels to
aécertain validity of test run.

6. The Test Controller will terminate the test if:

(a) An extended délay or train shutdown occurs
(b) One or more required data channels malfunction
(c) The test vehicle is not operating properly

Advise Test Controller of any abnormal operations

or events that occur during the test run.




3.1

INSTRUMENTATION

The SOAC Instrumentation System was used for this series
of tests. This system is described in detail in Volume
VI of State-of-the-Art Car (SOAC) Engineering Tests at
Department of Transportation High Speed Ground Test
Center, Final Test Report, UMTA-MA-06-0025-75-6,

January 1975. A synopsis is included below.

Ride Qualities, Structural and Performance Tests

Electrical signals from the vehicle mounted transducers
are conducted by cables to an interface panel which is
connected to an instrumentation console containing two
magnetic tape recorders, two light beam oscillographs,

a time code generator, a temperature recorder and signal
conditioners. Any 28 selected test parameters can be
recorded on tape and displayed on the oscillographs. In
addition, wheel speeds may be recorded directly on the
oscillographs; total power is recorded on tape and dis-
played on a mechanical counter. The time code generator
provides signals that are recorded on both tape and the
oscillograph. The oscillographs provide quick-look data
to evaluate test progress and results during testing
(See Figure 3-1).

Noise Tests

The instrumentation used for noise measurement consisted
of a 1" condenser microphone with battery operated
cathode follower and a 1/4" single channel tape recorder.
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4.1

DATA

The parameters recorded during the property tests are
described in Tables 4-1 and 4-2. The definition of the
parameter measurements is contained in Appendix A,
Standard Outputs for SOAC Property Tests.

Data was recorded for the roundtrip routes noted in the
Test Description Section. All of the data was recorded
on analog tapes and processed to provide three types of
outputs.

Time History Charts

Station Summary Tables

Frequency Histograms

Time History Charts

A slow chart speed strip-out of certain parameters is
included in this report. The purpose of these charts
is to provide an indication of the maximum levels of
parameters during various phases of the run. The
complete run is described on the charts including
station stops and any particularities that occurred. A
series of time histories at a high chart speed is in-
cluded to illustrate the cyclical nature of the data.
These charts are a single time frame for all parameters
and are representative of the worst case conditions
exhibited for a particular test run.

Intermediate parameters, such as a weighted (filtered)
car body acceleration are shown on some charts.

Station Summary

A summation or summary of specific parameters is made
by each station stop. These include test running time
and distance for comparison to the property's schedule.
Power consumption, motor duty cycle parameters are also
summarized by station to indicate the relative sizing of
the SOAC propulsion with respect to operations on the
property. Station stops and maximum speeds are also
shown as another indicator of vehicle operation in a
scheduled service environment.



Table 4—1. ASOAC Revenue Service Data

PARAMETER

DESIGNATION DESCRIPTION . RANGE
NO.
301 Longitudinal Acceleration + 0.25 g's
302 Line Voltage 0 to 1000 VDC
303 Line Current ° 0 to 2000 ADC
304 ‘No. 1 Truck Armature Voltage 0 to 1200 VDC
305 No: 1 Truck Armature Current 0 to 1000 ADC
306 No. 1 Truck Field Current . + 50 ADC
307 No. 2 Truck Armature Voltage 0 to 1200 VDC
308 ‘No. 2 Truck Armature Current 0 to 1000 ADC
309 No. 2 Truck Field Current + 50 ADC
310 '~ "P" Wire Current . 0 to 1.00 ADC
317 Total Power Consumption 1 Pulse/0.1 KWHR
315 Speed 0 to 80 MPH
318 Brake Cylinder Pressure 0 to 100 péig




List A

STANDARD OUTPUTS

RECORDED

AP/A
LVD/A
LCD/A
MAVD/A
MACD/A
MFCD/A
MAVD/A

MACD/A

MFCD/A
cs/A
PCC/A
vs/a
BCP/A

PRESENTED

Format (3)
None
None
None
None
None
None
None
None
None
Format (2)

" Format (3)

None

PRELIMINARY

ANALYSIS

Format (4)

RMS-MAC/A
RMS-MFC/A

Format (3)

.Format(2)
Format (4)
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NO.

101

102

103

115

116

120

121

219

220

221
222
223

Table 4—2. SOAC

PARAMETER
DESIGNATION

DESCRIPTION

Front Truck, Forward Axle,
Righthand Wheel Journal Box
Vertical Acceleration

Front Track, Forward Axle,
Righthand Wheel Journal
Box Lateral Acceleration

Front Truck, Forward Axle
Lefthand Wheel Journal Box
Vertical Acceleration

Mid Car Centerline Vertical
Acceleration

Mid car Centerllne Lateral
Acceleration

Forward Car Centerline
Vertical Acceleration
Forward Car Centerline
Lateral Acceleration
Truck Frame Upper Strain
Gage

Truck Frame Lower Strain
Gage

Pitch Angular Acceleration

‘Roll, Angular Acceleration

Yaw, Angular Acceleration

Interior Sound Pressure



Revenue Serviea Nata |ist B

‘RANGE

20 g's

|+

|+

20 g's

|+

20 g's

0.25 g's

|+

0.25. g's

1+

|1+

0.25 g's

0.25 g's
6348 psi

|+ |+

6348 psi

I+

+ 1.5 Rad/sec/sec.
+ 1.5 Rad/sec-sec,
+ 1.5 Rad/sec-sec.

40 to 120 dB(re 2 x 10-5YM2) -

SP/A

STANDARD OUTPUTS

RECORDED

AJ/A

AJ/A

AJ/A

AC/A
AC/A
AC/A

AC/A
STP

STP

ACA/A
ACA/A

_ACA/A

PRESENTED
Format (3)
Format (3)
Format (3)

Format (3)
Format (3)
Format (3)

Format (3)
Format (3)

Format (3)

Format (3)
Format (3)
Format (3)

NL/A (1)

PRELIMINARY

ANALYSIS

Format (4)

Format (4)

A_RRV/A(l),

RRH/A (1),
RRV/A (1)

RRH/A (1)

‘Fromat (4)

Format (4)
Format (4)

-Format (4)

NL/A(2)

(3)

(3)



Frequency Histograms

These distributions are an indication of the ratio of
time that a parameter is at a particular level with re-
spect to the time to complete a roundtrip scheduled
service run. These parameters may be used to describe
how the vehicle was driven, the track conditions, and how
the vehicle responded to these conditions.

A—-10




5.1

DATA DISCUSSION

The vehicle operation was such that SOAC No. 2, the in-
strumented car, was leading and running in the forward
direction for the Harvard to Ashmont and Harvard to Quincy
Center runs. For these runs the vehicle longitudinal
acceleration has a positive value for startup. During
the Ashmont to Harvard and Quincy Center to Harvard runs,
SOAC 2 was trailing and running in the reverse direction.

As defined in Section 4 there are three forms of data.

These forms are discussed below with respect to three

categories:
(1) Operation

How the vehicle is operated and maintained
schedule.

(2) Environment

Track and truck conditions.
(3) Response

How the vehicle responded to operatlonal
environment.

Figures 5-1 through 5-15 present the frequency histograms
for the MBTA Tests. Figure 5~16 is a sample of the
interior noise level time history. The remaining time
histories are shown in Figures 5-17 through 5-36. Table
5-1 is a summary of some of the test parameters and is
taken from the histograms and time histories. Tables

5-2 through 5-5 are the Station Summaries with power
consumption.

Operation

The Station Summary Tables show that SOAC maintained the
MBTA schedule reasonably well for the Harvard-Ashmont run.
However, the test time was somewhat longer than scheduled
for the Harvard-Quincy Center runs. This time difference
occurred mainly between the North Quincy and Andrew

A-11



stations. The crossover between the Ashmont and Quincy
center lines is between these two stations. The speed
time-history charts reveal that SOAC was limited to low
speed in this area. Apparently, there were special

operating restrictions placed on the SOAC in this area.

" The maximum vehicle acceleration is shown on the time-

histories to be 2.73 mph/second, and the maximum braking

is 3.80 mph/second.. This braking rate is abnormally high
for the SOAC, and could have contributed to the wheel flats
described in the Test Operations section earlier.

The Station Summaries show that 14 percent of the total
test time was spent in a station. The speed frequency
histogram shows 18.7 percent of the time in the speed
range of 0 to 5 mph. This speed frequency histogram
also shows 17.5 percent of the time was spent in the 15
to mph band. An analysis of the SOAC performance and
the MBTA schedules indicates that the most efficient
vehicle operation occurs with the major proportion of
time in the 35 to 40 mph speed band. This is based on
average station spacing and block speeds.

The power consumption for the Harvard-Quincy Center run
averaged 7.37 KWH/Mile for the station spacing of 1.19
miles, and a block speed of 25.9 mph. On the Harvard-
Ashmont line, with a 23.3 mph block speed and a .69 mile
distance between stations, the power consumption was 7.01
KWHR/Mile.

The RMS armature current indicates the relative sizing of
the SOAC propulsion system with respect to the route
described. The SOAC motors have a continuous rating of
175 hp (460 amps) and a one hour rating of 230 hp (600
amps). The Harvard-Ashmont run drew 270 amperes (RMS) or

59 percent of the rated value. The most severe cycle

occurred between Ashmont and Shawmut stations. The easiest
cycle was between Columbia and Andrew stations which re-
flects the special operating restrictions for SOAC
mentioned above. Another light cycle occurred between
Fields Corner and Savin Hill stations, where the time-
histories show a definite 25 mph speed limit. On the
Harvard-Quincy Center run the current drawn per motor

was 290 amperes (RMS). This is 63 percent of their rated
value. The most severe cycle occurred between North
Quincy and Wollaston stations. :

Environment

It is intended that the journal box accelerations and
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the truck frame stress levels be used as indicators of
track roughness. Summary values for these parameters

are shown in Table 5-1. The 50th% value is a . statistical
quantity. For these tests it assumes a linear distribu-
tion of acceleration levels within a class interval
(Example: '1 to 2 gs). The value is read as 50 percent
of the time the journal box vertical acceleration is at
+ .75 gs or less. The 95th% is read similarly. The
maximum values are from the time-history charts. The
"nominal" wvalue is an average, or 50th%, for the time

that the vehicle is moving.

The time history charts show the journals receiving

"quite a few vertical shocks up to 20 gs. These shocks

occurred most regularly between Harvard and Central
stations. Also noted on the time histories is the

‘failure of the lateral journal box accelerometer durlng

the Harvard and Quincy Center runs.

It should be mentioned that the truck frame stress
levels reflect dynamic loading only.  Passenger load and
car weight do not influence this parameter.

Response

The car body Ride Roughness and Noise Level parameters
are the indicators of how the vehicle responded to the
operation and environment. Ride Roughness is a vibration
parameter which is weighted according to human response
characteristics in riding comfort. This technique is
similar to using the "A" weighing on sound pressure to
yield Noise Levels. Noise Level and Ride Roughness are
related to "human responses". Both of these parameters
are described in the Standard Outputs section of this
report. '

- Summary Ride Roughness values are shown in Table 5-1.
" The fast chart speed time histories show the mid-car

vertical acceleration to have a substantial level during
the Shawmut to Ashmont run. The value is + .069 gs at

8 Hz. The speed trace for this record shows the car was
operating around 45 mph. Eight hertz is the wheel re-
volution frequency for the SOAC 30 inch wheels at 45 mph.
In addition, the SOAC car body has a second body bending
mode at 8 hz and is sensitive to this frequency. Wheel
flats have been known to drive the SOAC car body into this
vibration, but the wheels were "turned down" prior to this
test run. Subsequent to the tests the wheels were measured
and found to be out-of-round as a result of the "wheel
turning" operation. Consequently the SOAC Ride Quality
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data for these MBTA tests must be reported as what the
vehicle did, and should not be constricted as how the
car is capable of riding.

From the same fast chart speed time histories another
characteristic of the SOAC is evident; the 1.2 hertz
lateral acceleration. At the mid car point the accelera-
tion level is + .063 gs. This characteristic is more
noticeable as vehicle roll where the angular acceleration
level is + .46 radians per second per second.

Interior Noise Level data was taken in the middle of the
- non-instrumented vehicle, at a seated passenger ear level.
The Engineering Tests at the Transit Test Center indicate
this is the quietest point in the car. The table below
reports the statistical gquantities calculated from the
combined runs on the MBTA:

L(99) L(90) L(50) L(10) L(1) L(EQ)
65.0 66.5 -68.8 76.0 81.5 72.7
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Table 5—1. Summary Values for SOAC Operating on

50TH %

Journal ‘Box Vertical Acceleration (G) + .75
Journal Box Latefal‘Acceleration (G) + 1.50
Truck'Frame Stress (PSI) + 160
Fo;ward Car Vertical Agceleration (G) .017
Mid Car Vertical Acceleration (G) + .023
Forward Car Lateral Acceleration (G) + .018
Mia Car Lateral Acceleration (G) + .016
Longitudinal Ride Roughness (GRMS) .006
Forward Car Vertical Ride Roughness (GRMS) .015
Mid Car Vertical Ride Roughness (GRMS) .011
Forward Car Lateral Ride Roughness (GRMS) .009
Mid Car Lateral Ride Roughness (GRMS’ .006
Pitch (RAD/Sec-Sec) + .054
Roll (RAD/Sec-Sec) + .055
Yaw (RAD/Sec-Sec) + .050



the MBTA Red Line

"NOMINAL" 95TH % MAXIMUM
+ .88 + 5.5 + 20.
+ 1.88 + 8.5 + 17.5
+ 182 + 680 -
.020 .075 + .250
+ .027 + .091 + .250
i-.021 + .071 + .125
+ .018 + .058 + .088
.007 .017  .050
.019 .060 .150
.014 .054 120
.011 .030 .075
.007 .019 .035
+ .060 + .098 + .239
+ .062 + .160 + .420
+ .058 + .095 +

.100



Table 5—2. Station Summary |
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STATION SCHEDULE TEST POWER CONSUMPTION
STOP MAX.
DISTANCE TIME DISTANCE TIME I-ARM I-FLD TIME SPEED
NAME (MILES) (MINUTES) (MILES) (MINUTES) KWHR KWHR/MILE (AMP-RMS) (AMP-RMS) SECONDS (MPH)
Harvard Street 0 0 0 0 0 0 0 0 0 0
Central Street .95 1.65 1.09 2.32 6.44 5593 293.7 24.2 18.0 48
Kendall Street .96 1.95 1.07 2.58 6.08 5.68 257.7 19.9 42.0 49
Charles Street 12 1.78 .81 2.36 6.87 8.48 239.8 30.8 18.0 34
Park Street «56 1.40 .60 1.92 4.57 7.62 291.1 25.8 16.8 42
Washington Street .21 1.17 .24 1.14 1.79 7.46 268.7 23.1 15.6 24
South Station s 27 1.15 «31 1.30 2.31 7.46 280.2 23.1 14.4 30
Broadway Street +83 2.08 .92 2.36 6.02 6.54 261.1 2041 26.4 49
Andrew Street .83 1.87 .94 1.96 6.87 T3l 317.8 29.0 1952 50
Columbia Street .74 1.97 .84 2,34 6.18 7.36 230.4 < R 19,2 37
Savin Hill .70 1.56 .76 2.02 6.06 7.97 3131 29.0 18.0 44
Fields Corner 1.00 2.30 1.05 3.16 6.96 6.63 191.0 31.9 18.0 26
Shawmut Street 53 1.90 +65 1.70 4,95 7.61 302.3 24.4 18.0 44
Ashmont Street .62 1:22 « 71 1.84 Seioa 7.79 310.0 26.5 18.0 48
TOTAL 70.64 7.07 271.0 25.0
TEST RUN SUMMARY
SCHEDULE TEST
Distance 8.97 9.99
Time 22.00 27.00
Block Speed 24.5 22.4
Station Dwell 30. 20.1
.69 «17

Station Spacing
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STATION

NAME
Ashmont Street
Shawmut Street
Fields Corner
Savin Hill
Columbia Street
Andrew Street
Broadway Street
South Station
Washington
Park Street
Charles Street
Kendall Street
Central Street

Harvard

TEST RUN SUMMARY

Distance

Time

Block Speed
Station Dwell
Station Spacing

Table 5—3. Station Summary |1

SCHEDULE
DISTANCE TIME
(MILES) (MINUTES)
0 0
.62 1.20
.58 1.45
1.00 2.32
.70 1.58
.74 2.03
© .83 1.89
.84 1.98
.27 1.13
.21 1.10
.56 1.72
.74 1.60
.96 1.95
.97 2.05
SCHEDULE TEST
9.02 10.08
22.00 25.32
24.6 23.9
30.0 19.9

.69

.78

DISTANCE
(MILES)

0
.69
.66

1.13
.79
.83
.94
.92
.31
.24
.60
.81

1.07

1.09

TEST

TIME
© (MINUTES)

0
1.60
1.76
2.94
2.56
2.70 .
1.88
1.92
1.26
1.04
1.62
1.88
2.02
2.14

TOTATL

POWER CONSUMPTION

KWHR

0
5.68
4.46
5.57
5.64
4.81
6.66
5.67
3.36
2.80
5.85
4.53
7.11
7.79

69.95

KWHR/MILE

0
8.24
6.76
4.93
7.14
5.80
7.09
6.17
10.84
11.68
9.75
5.59
6.65
"7.15

6.94

I-ARM
(AMP~RMS)

0
345.7
281.3
182.9
232.8
175.9
303.1
278.9
271.3
296.8
321.6
280.3
299.5
299.9

270.0

I-FLD
(AMP~RMS )

0
28.3
25.9
29.4
19.7

‘24,5
23,1
21.4
28.3
26.5
24.4
21.2
22,9

22.4

24.5

STOP
TIME
SECONDS

0
20.4
10.8
15.6
57.6
19.2
15.6
15.6
15.6
18.0
21.6
15.6
16.8
16.8

MAX.
SPEED
(MPH)

0
48
40
26
42
26
50
50
30
26
46
40
50
50



Table 5—4. Station Summary il

» STATION . SCHEDULE TEST " POWER CONSUMPTION

g"rcC’uM V¥ _ .STOP MAX.
: DISTANCE TIME DISTANCE TIME I-ARM I-FLD TIME SPEED
NO. NAME (MILES) (MINUTES) . (MILES) (MINUTES) KWHR KWHR/MILE  (AMP-RMS) (AMP-RMS)  SECONDS  (MPH)
\'l 1 Harvard Street 0 0 0 . 0 0 0 0 0 0 0
50 '
2  Central Street - .96 2.17 . 1.09 2.18 7.10 6.51 289.4 25.1 14.4 49
““3  Kendall Street ,95 197 2.33 1.07 2.80 6.62 6.19 233.7 18.9 57.6 49
Y4 Charles Street .722.> 2.10 .81 2.28 6.46 7.97 243.9 26.7 16.8 37
“%. park .5632.19 1.65 .61 2.26 4.78 7.83 251.5 22.1 15.6 38
225;5 Washington Street 21346 1.17 .23 1.12 2.00 8.71 271.9 26.2 16.8 24
> J South street .27 347 1.08 .32 1.30 2.36 7.39 268.1 22.2 15.6 26
|_ 8 Broadway Street .83 u.5% 2,42 .91 2.00 6.21 6.83 286.3 20.4 24.0 49
o 5. Andrew Street .83¢.33 2.25 .95 2.00 7.12 7.49 295.6 22.9 18.0 50
ﬁljo North Quincy St. 4.43 6.7¢ 5,00 4,75 8.50 30.90 6.51 296.6 25.6 32.4 64
“1’1 Wollaston Street .76 105 1,08 .93. 2.64 9.86 10.71 352.5 - 29.9 19.2 52
12 Quincy Center 1.27 1475 1.90 1.42 3.20 10.02 7.05 327.1 ~ 23.8 16.8 56
_ TOTAL 93.53 7.15 290.0 - 24.5
').'5"S TEST RUN SUMMARY
Ut 3@ - SCHEDULED TEST _
D:i.stance 11.79 137.409 !
‘n,% : gig‘ik Speed 53‘25 gggs 23, /J
NI Seation Seccing 18 T - n8)
pacing . .
Wy ‘ /73
¥ ot 2(¢ 0 5T
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NO.

STATION
NAME

Quincy Center
Wollaston Street
North Quincy St.
Andrew Street
Broadway Street
South Street
Washington Street
Park

Charles

Kendall Street
Central Street

Harvard Street

TEST RUN SUMMARY

Diatance

Time

Block Speed
Station Dwell
Station Spacing

(MILES)

1.27 y30( 1.57

Table 5—5. Station Summary IV

SCHEDULE

. DISTANCE TIME
(MINUTES)

0 0

.76 13.8%1.33

4.43 7525 4.75

.8319.0% 2,33
.83 15.1 2.34
.2726./8 1.00
.217¢.29 1.08
.56 26.9%1.90
.72 20.€7 2,07
.95 22.€2 2 28
.96 23.552.50

SCHEDULED

11.79
23.15 |
30.6
17
1.07

TEST
DISTANCE TIME
({MILES) (MINUTES)

0 0
1.42 2.92
.91 2.46
4.75 9.72
.94> 2.22
.91 2.30
.32 1.40
.23 1.14
.61 1.60
.81 1.86
1.07 2.32
1.09 2.44
TOTAL

TEST

13.06
30.38
25.8
19.0
1.19

KWHR

0
9.88
7.59

35.92
7.41
6.90
3.33
2.96
5.58
5.59
6.84
7.14

99.14

POWER CONSUMPTION

KWHR/MILE

I-ARM
(AMP-RMS)

295.0
298.0
320.7
277.0
244.1
202.6
263.2
307.1
308.6
264.5
261.2

291.0

I-FLD
(AMP-RMS)

0
26.8
24.2
27.6

26.4°

25.1
28.8
27.6
24.9
24.0
24.3

© 22.5

26.1

SECONDS

21.6
20.4
24.0
18.0
18.0
19.2
18.0
15.6
15.6
16.8
21.6

_MAX.
SPEED
(MPH)

62
57
63
49
50
26
26
45
49
49
49
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State-Of-The-Art Car Revenue Service
Round Trip On MBTA Red Line

"P-Wire" Current Distribution
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Figure 5—1. “P-Wire” Current Distribution
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FREQUENCY
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State-0f-The-Art Car Revenue Service
Round Trip On MBTA Red Line
vehicle Speed Distribution
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Figure 5—2. Vehicle Speed Distribution
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FREQUENCY

State-of~-the-Art Car Revenue Service
Round Trip On MBTA Red Line

Vehicle Acceleration Distribution

.318
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.08 7
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Figure 5—3. Vehicle Acceleration Distribution
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FREQUENCY
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.12

.08
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State-0f-The Art Car Revenue SerVice
Round Trip On MBTA Red Line

Journal Box Vertical Acceleration Distribution

.662

—
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ACCELERATION g
Figure 5—4. Journal Box Vertical Acceleration Distribution
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FREQUENCY

.20

16

Journal Box Lateral Acceleration Distribution

.672

State-0f-The-Art Car Revenue Service

Round Trip On MBTA Red Line

I s

Figure 55, Journal Box Latéra/ Acceleration Distribution
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FREQUENCY

.20

.16

.621

N

State-0f-The-Art Car Revenue Service
Round Trip On MBTA Red Line

Truck Frame Strain Level Distribution
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STRAIN LEVEL _PSI

Figure 5—6. Truck Frame Strain Level Distribution
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FREQUENCY

.399

.20 —\\

.16 7

State-0f-The-Art Car Revenue Service
" Round Trip On MBTA Red Line

Longitudinal Ride Roughness Distributicn

.403

I 1 I 0T -

.01. .02 ,0% .04 .05 .06 .07 .08
LONGiTﬁDINAL RIDE ROUGHNESS (GRMS)

Figure 5—7. Longitudinal Ride Roughness Distribution
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FREQUENCY

.20
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Forward Car Vertical Ride Roughness Distribution

State-Of~The-Art Car Revenue Service
Round Trip On MBTA Red Line
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\
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Figure 5—8. Forward Car Vertical Ride Roughness Distribution
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FREQUENCY
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State-0f-The-Art Car Revenue Service
Round Trip On MBTA Red Line
Mid Car Vertical Ride Roughness Distribution
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Figure 5—9. Mid-Car Vertical Ride Roughness Distribution
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State-0f-The-Art Car Revenue Service
Round Trip On MBTA Red Line
Forward Car Lateral Ride Roughness Distribution
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LATERAL RIDE ROUGHNESS (GRMS)
Figure 5—10. Forward Car Lateral Ride Roughness Distribution
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FREQUENCY
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State-Of-The~-Art Car Revenue Service
Round Trip On MBTA Red Line
Mid Car Lateral Ride Roughness Distribution
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Figure 5—11. Mid-Car Lateral Ride Roughness Distribution
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FREQUENCY

State~-0f-The-Art Car Revenue Service
Round Trip On MBTA Red Line
Vehicle Pitch Distribution
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Figure 5—12. Vehicle Pitch Distribution
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Figure 5-13. Vehicle Roll Distribution
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Figure 5—14. Vehicle Yaw Distribution

A-33

. .4

- .2

y — p— e ——— p . '0.0'
.2 .4 .6 .8 1.0

CUMULATIVE DISTRIBUTION



FREQUENCY

.20

.16

.12

.08

.04

State~0f~The~Art Car

Revenue Service On The MBTA Red Line

Interior Noise ILevel Distribution

[ —

50

L ]

54 58 62 66 70 74 78 82 86

'NOISE LEVEL - (dBA)

Figure 5—15, Interior Noise Level Distribution
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Figure 5—16. Interior Noise Level Sample Time History Chart
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Figure 5—17. Vehicle Acceleration and Speed Time History Chart (H—A)
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Figure 5—19. Mid-Car Acceleration Time History Chart (H—A)
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