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I. INTRODUCTION

The U.S. Department of Transportation, Urban Mass Transpor-
tation Administration (UMTA), under Contract DOT-UT-10007,

has engaged the Boeing Vertol Company to act as Systems
Manager of the Urban Rapid Rail Vehicle and Systems Program.
This program is an integrated development program directed
toward improving high speed, frequent-stop urban rail systems.
The overall objective is to enhance the attractiveness of

rail transportation to the urban traveler by providing service
that is as comfortable, reliable, safe and economical as
possible.

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

The SOAC Test Program Plan and Procedures are described in
Boeing Vertol Report D174-10007-1 and is available from the
National Technical Information Services (NTIS). The component
testing was conducted in accordance with these procedures by system
subcontractors to the car manufacturer, St. Louis Car Division,
General Steel Industries, Inc. Major subcontractors conducting
component testing are The AiResearch Manufacturing Company,

a division of the Garrett Corporation - propulsion system;
General Steel Industries, Inc., Castings Division - trucks

and suspension systems; American Seating Company - seats; and
Swedlow, Inc. - windshield.

This document, Volume I - Component Testing, plus the follow-
ing additional volumes comprise Boeing Vertol Report D174-10024,
State-of-the-Art Car Final Test Report as specified in Section
17.1.4.2 of the SOAC Detail Specification.

Volume II - Subsystem Functional Testing
Volume ITI - Acceptance Testing
Volume IV - Simulated Demonstration Test
Volume V - Post Repair Testing
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2.3

2. TEST PROCEDURES AND RESULTS

Propulsion, Dynamic Braking and Auxiliary Power
Equipment

The components comprising the propulsion, dynamic
braking and auxiliary power systems were tested by
AiResearch Manufacturing Company at Torrance, California.
The AiResearch test report No. 73-9363 is included as
Appendix I.

Truck Frame and Bolster

Truck frames and bolsters were statically tested by
General Steel Industries at the GSI Test Lab. GSI
Reports T34701-1 and T34702-1 are included as Appendix II.

Windshield

Qualification testing of the SOAC windshield was not
conducted since the basic design is similar to the
windshield used on the BART Car. The BART test results
were reviewed and results extrapolated to the SOAC
geometry. (Reference Swedlow Engineering Department
Reports No. 724, April 7, 1971 and No. 755, Febrmary

2, 1972.)

The windshields are designed to the following criteria:

a. Shall be capable of resisting, without
penetration, and the windshield retention,
without separation, loads imposed by the
equivalent of:

(1) 175 mph at S/L Pressure (78 lbs. per
square foot}

(2) Impact of 1.0 1b. Stone at 80 mph or
5 1lbs. at 50 mph.

b, Light transmission to be at least 85 percent
(BART transmission 70% with solar coating).

The BART windshield was tested by Swedlow and Wyle
Laboratories in July/August 1970, Swedlow Test Report
No. ETR-010, December 17, 1970 is included as Appendix
IIT.
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Seat Strength

The seats for the SOAC were manufactured by the American
Seating Company and are similar in design to the seats
manufactured for the BART Car; therefore, no additional
testing was performed for the SOAC. The American Seating
Company strength and test data report on seats represen-

tative of the SOAC configuration is included as Appendix
Iv.

Materials - Fire Resistance

All major interior materials were tested for fire
resistance in accordance with Section 2.4.9 of the
Detail Specification. The seat upholstery met the
requirements of Federal Highway Administration

Standard No. 302 "Flamability of Vehicle Interior
Materials" as tested by the American Seating Company.
Test results are presented in Appendix V., The remaining
items were tested by the Boeing Vertol Quality Assurance
Laboratory to a more stringent specification, Federal
Standard No. 191. The results of these tests are also
presented in Appendix V.

The three items that failed to meet F.S. 191 were not
considered to be a fire-potential problem because of their
limited usage (Mylar side signs and window glazing rubber)
or method of installation, i.e. leaded vinyl sheathing
(combustible) sandwiched between the floor panels and the
carpeting neither of which supported combustion.
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3. CONCLUSIONS -

SOAC Component Tests were conducted by the subsystem
suppliers. All items met the requirements of the Detail
Specification except as noted in C. below.

The windshield and seats were qualified by similarity to
BART designs. BART test results were reviewed and
accepted for these items.

Interior materials were tested for fire resistance to

a more stringent specification than required by the
Detail Specification. Three items which failed to meet
this specification were accepted because of their limited
usage or protective method of installation.
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APPENDIX I

PROPULSION, DYNAMIC BRAKING AND AUXILTIARY

POWER EQUIPMENT TESTS
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STATE OF THE ART CAR

Component and System Development Tests

The test data, graphs and other information incluaed in this
document have been extracted from test records and engineering
notes. This data was collected during the course of component
study and system testing which was carried out in the development
phase of the Propulsion and Auxiliary Power subsystem for SOAC.
The system testing was done on a laboratory assembly of the
vehicle components with motors driving eguivalent inertial loads
but excluded the gearboxes. The gearbox tests were run in a

separate test stand.

The assembly of the test data follows the same general format as
the A-2 section of Boeing Vertol document D174-10007-1 SOAC

TEST PROGRAM (Rev. 6/12/72).

Paragraphs extracted from D174-10007-1 precede each group of data
presented. The groups do not necessarily follow the exact order of
the above test program and vary somewhat in content from the

original plan.
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PROPULSION AND DYNAMIC BRAKING, AND AUXILIARY POWER SYSTEMS

TRACTION MOTORS (P/N 200732-1)

Production Testing

Each traction motor is subjected to the following produc-
tion acceptance tests:

1IN B WM

Resistance of windings and polarity checks
Seating of brush faces

No ioad tests

Overspeed

Dielectric

Comnutation tests (selected)

Black band tests (1st 2 units only)
Inspect all critical dimensions

Development Testing

Two traction motors will be utilized to perform the follow-
ing development testing:

(1)

(2)

No Load Saturation

Purpose

The purpose of this test is to confirm the capability
of the motor magnetic circuit,.

Configuration

Two motors are connected together with a flexible
coupling. Each of the motors are provided with a
constant cooling air flow of 900 cfm and are run

in turn with the opposite motor acting as an open
circuit generator. The no load saturation of the
generating element is then determined as follows:

Procedure

Apply 312 volts motor input voltage. Adjust field
current as required throughout the test to provide
motor speed of 1560 RPM (base speed).

Change field current of the motor acting as a
generator 0-60~0 amperes in 5 amp steps. Record
output voltage, field current and speed of the motor
acting as a generator.

Efficiency

SHFET 18



REV LTR A ,
a. TRACTION MOTORS (Contd.)

@ Purpose

Determine the overall motor efficiency

Configuretion

Two motors are connected with a flexible coupling and

are each provided with a constant cooling air flow of

900 cfm. The motors are electrically ceonnected in
parallel and the field currents are adjusted such that
one is acting as a driving element and the other is
acting as a generating (loading) <element. The efficiency
of the traction motor is then determined as follows:

Procedure

Apply an input voltage equal to 312 - 600 (R armature + R
stator) - 2. (The armature and stator resistances are
determined in the production acceptance tests). Load the
motor and generator system at a rated speed of 1560 RPM
such that the sum ¢of the motor and generator armature
currents equals 1200 amperes..

Calculate the efficiency of the motor in the following
manner:

T - .
g m = 2(Einput "arm) Einput Illne ¥ 100
2 Einput Tarm
Repeat the above procedure except at 4300 RPM and 1800
amperes. Regulate input voltage to 600 + 900

(Rarm + Rstator) + 2.

Calculate the efficiency of the motor as a braking gener-
ator in the following manner:

™ = 2(Einput Iarm)

2 Einput Tam * Einput Yline

*» 100

As design goals, the efficiency of the motor, acting as a
‘motor is 90.3% and the efficiency of the motor acting as
a braking generator is 91.0%, with 110°C winding tempera-
tures..

(3) Commutation Tests

Purpcse

Verify that the commutating characteristics of the machine
are acceptable by observation of arcing, traecing or flaring
for the following configurations:

A\
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a. TRACTION MOTORS {Contd.)

Confiquration

As a motor observe commutation at the following test conditions:

a. 175 Volt, 785 Amps, 780 RPH
b. 312 Volt, 750 Amps, 1560 RPM
c. 312 Volt, 750 Amps, 2400 RPM
d. 312 Volt, 750 Amps, 4300 RPH
e. 470 Volt, 565 Amps, 2400 RPM

As a generator, observe commutation at the following test
condi tions:

a. 125 Yolt, 925 Amps, 780 RPM
b. 175 Volt, 925 Amps, 1560 RPN
c. 400 Volt, 925 Amps, 2160 RPK
d. 540 Volt, 710 Amps, 2900 RPN
e. 600 Volt, 740 Amps, 4300 RPN

Heat Run

Purpose

Verify that the motor thermal design is adequate for the purpose
intended. _

Confiquration

Connect two motors in the same manner as in the efficiency tests
(Item 2)

Procedure

Determine the mean armature temperature rise at each of the listed
test conditions in the following manner.

Record the temperature of the thermocouples located in the stator
every five minutes while at the test conditions, Stop the test
when the temperature rise is not more than 2°F between readings
on any of the thermocuples. Stop thecooling air flow when the
test is stopped. Measure the rotor temperatures on the armature
tron, end turns, risers and commutator surface as rapidly as
possible. Measure the armature resistance. Calculate the fina!l
armature mean temperature using the following formuia:

L]

Rf - R,

t
f R‘

(234,5 + tl) tt,
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PRACTION MOTORS (Contd.)

Lad

< final temperature

f

by = Initial temperature

Rf = fipal armature resistance
RI = Inltial armature resistance

" Test Conditions

a, Contlnuous Rating at Base Speed |75 HP, 312 volts
460 amperes, |560 RPM )

b, One hour rating at Base Speed 230 HP, 312 volts
600 amperes, 1560 RPM
(Same procedure as above except stop test at end
of one hour)

c. Overload Test 156 volts, 900 amperes, 1560 RPM
(Start test with armature tenperature, computed as aboye6
at 100 # 10°C, Stop test when armature reaches {80 * {0°C)

In the above tests the armature temperature shall not exceed 203°C
and the field winding 180°C.

Overspeed

4

Purpose

Prove the mechanical integrity of the rotor and commutator.

Confiquration

Connect two motors in the same manner as in the efficlency tests
(1tem 2) o '

Procedure

With an armature temperature of 180 t 10°C, run the motor at
5160 RPM (120% of top rated speed) for 120 seconds.

No permanent deformation of the rotor and commutator shall have
resul ted,

Dielectric

nggése

Prove the dielectric capabiltity of the Insulation system.
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TRACTION MOTORS (Contd.)

Configuration

Test the motor in a static condition,
Procedure

Test the motor windings immediately after the overspeed test
above with a dielectric voltage of 2700 V 60 Hz between each
coil and the motor frame, Apply the voltage gradually, hold
at the test voltage for 60 seconds, and reduce the voltage
gradually. Each winding not being tested will be connected
to the motor frame.

Commutation Limit Test

Purpose

Establish the momentéry overload limit of the motor to determine
the safety margin above the rated load.

Confiquration

Connect two motors together through a flexible coupling such
that one is being electrically driven as a motor element and
the oither is electricatly connected through an electrical con-
tactor to @ resistive load and acting as a generator element.

"Procedure

With the generator element unloaded (electrical load contactor
open) adjust the resistive load in decending values starting at
1,0 ohm. At each resistive load, with the breaker open, run the
motor at 1560 RPM and adjust the generator field current to pro-
vide a terminal voltage of 312 volts. Increase the motor speed
to 4730 RPM {110% rated speed). The generator voltage shall be
approximately 950 volts. Disconnect the motor from the input
voltage and allow the system to coast down in speed to 4300 RPM,
and close the generator load contactor. Repeat this procedure at
gradually decending load resistances vntil the generator flashes
over. 8

Vibration

Purpuse

Prove the mechanical integrity of the motor and gearbox to
vibratory input leading. :
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TRACTION MOTORS (Contd.)

Confiquration

A vibration fixture which independently simulates the axle
Input to the gearbox and the motor-truck frame mounting will
be utiiized for this test,

Procedure

With the motor truck frame mounting fixture in a static rigid
condition, drive the axle input fixture and scan for resonances
in the 20 to 35 Hz region. Resonances in the 80 to 150 Hz
region have been given special attention in the design and

will not require evaluation.

A fatigue test will be run at any resonance determined or at 35 Hz
if no resonance is determined. The desireable test life of the
system is as follows: #5 gs lateral, 10° cycles.

Due to the length of the testing at the low freguencies associzted
with this type of equipment, an accelerated simulated life at a
higher g input and a reduce cycle length may be utilized,

Noise

Purpose

Determine the audible noise characteristics of the motor-gearbox
combination. '

Confiquration

Connz2ct & motor and 'gearbox in a manner simulating the installation
on the car truck,

Procz=dure

Record audible noise levels on abroadsard noise level meter
"C" scale. Recordings will be taken at a distance of 15 feet
In each of the four longitudinal and lateral directions, and

at various gearbox loadings and motor speeds,

As a design goal, a noise level of 85 db maximum (refefence
0.6, 2 microbar) will be recorded.
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TRACTION MOTORS (Contd.)

10.

Black Band

Purpose

Determine the proper adjustments for the interpole turns and
air gap. -

Confiquration

Two motors are connected together with a flexible coupling.
The motors are electrically connected in parallel and the
fleld currents are adjusted such that one is acting as a
driving element and the other is acting as a generating
(10ading) element.

Procedure

NOTE: A buck-boost circuit will be required for this test.
Apply 312 volts motor input voltage. Adjust field current
as required throughout the test to provide motor speed of
1560 RPM (base speed). :
Increase the generator field to load the motor,

Increase the motor current to 150 amperes (1/4 load).
Energize buck-boost power source and increase boost voltage
until visible sparking occurs. Record: output .voltageé,

field current, speed and direction of motor rotation,

Decrease buck voltage until visible sparking occurs and
record as before. Change direction of rotation and repeat.

Repeat at 300, 450, 600, 750 and $00 amperes.
Repeat the tests at a speed of 4300 RPM.

Interchange motor and motor that acted as generator and repeat
black band tests. ‘ ,

The data obtained from these tests will be utilized to establish
an in*~rpole air gap adjustment, and a turns adjustment if
necessary, to provide the best compromise over the load and
speed range of the motor. :
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a.

Development Testing, Traction Motors

(1)
(2)

(3)

No load saturation data taken on 30AC motor SN3 is shown on Fig. a.l-1.

Motor efficiency data is taken in a test setup with one motor as a driving

element coupled shaft to shaft to another motor used as a generator

dumping power into a load bank. The data supplied here is for motor SN3
(motor SN7 was used as the generator for the efficiency data, see Fig.

a.2-1)

- ,T o [a-ﬁefd‘/dr /14/7‘5 ao}L
U3/e -
57 M /%ofbrhéﬁé o .
J ej#kvthf7
The data has a spread of 4% with a mean valuehof approximately 92%
Data ¢n commutation testing as done on each unit as shown for motor

SN-3 in Figures a.3~1 and a.3-2., The ratings for visible commutation

shown in the right hand columns of the above figures is defined as

follows:
E Ratirg
No visible sparking 1
Few intermittent fine sparks 1-1/4
Continuous fine sparking over-half the brush width 1-1/2

Continuous fine sparking over most of the brush width 2
Continuous fine sparking plus heavy cparking over 2-1/2

half of the brush

Continuous heavy sparking ' 3

Continuous heavy spérking plus blue arcing or 3-1/2
streamers

Continuoué heaQy sparking plus glowing at 4

© brush width
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b, Overspeed

_14-

4. Heat Run

The data included here ;5 for the one hour rating test at 230 HP continuous.
Fig 24-1 identifies the temperature sensor locations. Figure a4-2 is a series
of 8 pages which are a copy of the St}ip chart record for a heat run test on

Traction Motors SN No. 9 and 11, with No. 9 running as the motor.

The setup for this test is shown in Figure a4~3. The conditions noted on
this figure are steady state operating conditions as taken from figure a4—2(7))
just before the test was stbpped and cooling air was turned off. The lines traced
in on these charts are for thermocouﬁle locations 10, 12, 21 and 22. Llocations 21
and 22 are air outlet temperatures. Numbers 10 and 12 are winding temperatures
near the air outlet which reached the highést values after shut down, see

figure a4-2(8).

The airflow rates (approximately 900 CFM per motor) are ébout.ZO% lower than
that of the forced air cooling system used in the vehicle.

Data from the Overload Heat Run are shown in Fig. a4-4,

Two views of the test set up are shown in the photographs Fig. a4=5 and a4-C.

Overspeed tests are run to 5160 RPM (20% above nominal maximum operating

speed) on each unit as indicated in figure a2-1.
6. Dielectric
The results of the dielectric test are also shown in figure a2-1, part of the

individual motor test data.

7. Commutation Limit Test

This test has not been run SHEET 30
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8. Vibration

This test was not run.

9. MNoise .
This test was nct run. The motor is cooled by an external blower and is a

relatively quiet unit by itself.

10. Black Band
The data run on this test is shown in reduced form in the.graphs on figure
al0-1. The lines plotted represent the black band boundary for the conditions

stipulated on the graph.
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b. INPUT REACTOR (P/N 524054-1)

Production Testing

l, Inductance test

2, Q shall be verified
3. Hi Pot

4, Resistance

Development Testing

Purpose

To insure reactor meets all design specifications,

Confiquration

Power source and instrumentation to monitor tests,
Procedure

a, Inductance using incremental inductance bridge
(L = 0,30 + 0,03 - 0.0 mhy) '

b. Resistance using wheatstone bridge
(Rde = 1.4 x 1073 ohm * 10%)

N\

c. Hi Pot: Apply 3000 VAC 60 Hz between inductor
terminals and support angles.

"d. Therma!l tests: Insert four thermocouples on specified
surfaces. Connect inductor to a low voltage - high
current direct current source. Increase voltage to
obtain 1350 amperes through the inductor, Allow
temperatures to stabilize. The hot spot temperature
rise shall not exceed 100°C.

A\
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INPUT REACTOR (P/N 524054-1)

Production Testing

Each unit was tested to check‘compliance with the fequirements of
specification 422-0500.

Development Testing

No development testihg of the component, as such, was made. A heat run was
not considered necessary, since its heat load was 1e$s than the smoothing

reactor.

SHEET 47




N0

SMOOTHING REACTOR (P/N 524056-1)

Production Testing

o N -
. 4 e

Inductance tests

Q shall be verified
Hj.Pot

Resistance

pevelopment Testing

Purgose‘

To insure reactor meets all design specifications.

Confiquration

Power source and instrumentation to monitor tests.

Procedure

a.

b.

C,

Inductance using incremental inductance bridge
(L = 1.0+ .01 - 0.0 mhy)

Resistance using wheatstone bridge
(Rde = 2.7 x 10=3 ohm £ 10%)

Hi Pot:; Apply 3000 VAC, 60 Hz between inductor
terminals and support angles.

Thermal tests: Insert four thermocouples on specified
surfaces, Connect inductor to a low voltage - high
current direct current source. Increase voltage to
obtain 1350 amperes through the inductor. Allow
temperatures to stabilize. The hot spot temperature
rise shall not exceed 100°C.
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c. SMOOTHING REACTCR (P/H 524056-1)

Production Testing

Each unit was tested to check compliance with the requirements of
specification 422-05C1.

Develooment Testing

The electrical and mechanical characteristics were verified and a heat run
was made to determine the temperature rise of the unit, Datails of the heat
run follow::

Smoothing Inductor Heat Run

The smoothing inductor was tested for temperature rise by applying D.C.
current and monitoring the temperature at selected points. The motion of the train

was simulated by blowing air across the inductor.

The air flow across the inductor was not evenly distributed {see chart) but

was approximately 2000 ft per minute or 23 miles per hour.

The thermocouples were placed in the air ducts but wedged under the last
turn, so that they were not exposed to the air but were essentially covered on both

sides by the conductor.

A load bank was utilized to permit the phase delayed rectifier to operate at
an advanced firing angie. The voltage was adjusted to deliver 1200 Amp D.C. through

the inductor.

A recorder was used to continuously monitor the thermocouple temperatures.

Pertinent points are shown plotted on the chart.
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Referring to Figure Cl-1 it can be seen that the maximum temperature reached
was 314°F, but the temperature was still increasing slightly. It did not appear
that the final temperature would exceed 320°F. The length of the run was three

hours. The ambient temperature-was 104°F. The temperature risc was therefore 216°F.

Since the air flow was considered minimal -as compared to the actual application,
the results of this test were considered acceptable to verify the design of the
inductor.

The input reactor had a thermal load of approximately 0.7 watts per sq. inch
of surface whereas the smoothing irnductor had 2 hzat load of approximately 1.1

watts per sq. inch. It was therefore concluded that a test of the input inductor
would not be nacessary, since its lower heat load Qould result in a lTower

temperature rise.
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DC-DC CHOPPER (P/N 524058-1)

Production Testing

-

NS N

Thyristors and rectifiers

a. Blocking life
b. Dynamic tests

Thyristor voltage sharing and snubber operation
Logic tests

Sensor tests

Hi Pot

400 Hz operation to check snubber cperation
Drive brake transition

Development Testing

Purpose

To insure that components will perform to the requifed
specifications.

Configuration

Power source - loads - high and low temperature ovens -

' thermocouples - necessary test equipment for monitoring results.

Procedure
a. Thyristor acceptance

1) Blocking life (72 hrs - 125°C ~ 960V)

2) Gate sensitivity (25°C - 3.0V - 50 ma)

3) Forward voltage drog (25°C - 300A - 1.6-1.9V)
4) Anode blocking (125°C - 1200V)

5) Gate sensitivity (125°C - 0.15V)

6) Turn off time (125°C - 30, sec max)

b. Rectifier acceptance
) Blocking life (72 hrs - 150%°C - 1500V)
2) Anode blocking {200°C - 2000V)
3) Forward voltage drop (150°C - 300A)

c. * Commutating capacitor

1) Inductance (10.0 ¥ 0,5 - 0.0 mHy)
2) Hi Pot (2500V - 60 Hz - | min)

i
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d.

Full
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DC-DC CHOPPER (Contd.)

d.

Cormutating capacltor

) Capacitance (4 uFd * 10%)
2) Hi Pot {1000V -~ 400 Hz - 1 Hr)

Load Operational Tests

Purpose

Yo determine that the DC - DBC Chopper functions within altl
parameters of its design.

Configquration

Equipment required to perform operatiopal tests.

a. Main power source
b, Logic power supply
C, Load bank
d. Capacitor bank
e. Smoothing inductor (or simulated)
f. Motor load (or simulated)
g. Oscilloscopes, ammeters, voltmeters, wattmeters,
thermocouples, etc,
h. Cooling fans and ducts
Procedure
a. Chopper test
t) Apply logic power and observe gate drive on all
thyristors. Ascertain that main thyristors and
comnutation thyristors are receiving proper signals.
2} Apply voltage to the capacitor voltage sensor.
Increase voltage and observe that main thyristor gate
signals are clamped to zero when the voltage exceeds
55 volts and recovers when voltage decreases below
45 volts,
3) Check that frequency is variable from 40 to 400 Hz.
b. Semiconductor tests

With the system connected in the drive mode and the drivers
clamped off, apply 100 voits to the main input, Perform
start - stop operation and observe DC current., It shall
remain nearly zero,

Observe voltage waveforms across all semiconductors and
that the following exists:
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DC-DC CHOPPER (Contd.)

1) Serles pairs of the semiconductors share voltages
2) HNo excessive voltage spikes
3) Main thyristor turn-off time,

Increase the voltage in 100 volt steps to 750 volts and-
phase the control to full ¢n and return to the chopplng
mode at each step. Observe the following:

1) Semiconductor voltage sharing

2) Commutator current

3) Current sharing of main thyristors, commutating
thyristors and { ree wheeling rectifiers.

Brake mode operation

with the system connected in the braking mode operation,
increase the voltage to 1200 volts in 100 volt steps and
observe the voltage waveforms across semiconductors, the
commutating current and the load current.

Heat run at 400 Hz

With the system connected in drive mode and with 2000 CFM
cooling air, apply 750 VDC input voltage. Increase the
demand signal to obtain 400 Hz at the minimum on time,
allow temperature as measured by the thermocouples to
stabilize. Record.

Repeat the above procedure at 25%, 50%, 75%, and Full
On. Record.
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DC-DC cHOPFER (P/N 524058-1)

Production Testing

‘

A laboratory test was run on each power semiconductor to insure its suitability
in the system. A sample data sheet is shown in Figure d1=1, The opération
of the chopper was checked in accordance with an Acceptance Test Prccedure.
A sample test procedure and data sheet EhOWn in Figure di-2 and Figure di1-3.
The drive brake transition was not included in the component test procedure

since it was a system function and not a component function.

Each commutating inductor was checked for compliance with specification 422-0503-
3001.
Each commutating capacitor was checked for compliance with specification 195-0500-
3001.

Development Testing

A §

‘The various phases of development testing included:

(1) Commutating capability

(2) Thyristor temperaturs rise

(3) Heat sink optimization

(4) Thyristor gate drive suitability

(5) Temperature rise of commutating inductor and capacitor
(6) Snubber optimization

(7) Air flow distribution

(8) Thyristor current and voltage sharing

(9) Operation at maximum voltage in drive and brake modes

'SHEET 55
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ACCLPTANCE TEST DATA

D.C. CHGPPER
Part MNo. 524058-1

S/IN 33-D7
Date: o~ -/4-273

Tested by: Jor CHun
D OACRSON

[I& d7-2 )
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2.4.1

2,5

2.6.1

2.6.2

2'6‘3
2.7

2.7.1

3-

3.2

3.2.4

_42_ -

ACCEPTANCE TEST DATA SHIET

PRELTHI NARY

Connections

Wiring

LOGIC

e —

Gate voltage

Minimum gate frequency 40 %2 Hz

Gate drive sequence

-

Drawer A-1
A-2

A-3

Displacement Td = 90 *20 usec

Common mode sdjustment

Capacitor ready voltage

Gate drive clamp
Commutator contactor c¢oil

Auxiliary contacts

POVER

Commutator current
R_,m : 00090

Snubber resistor voltage

Lo
£, = €9~*I0V &IV

Ea =‘$g 210V ybvr

€ = 17 & .02v

C «.630 bLs5R
T = 130 %l5usec
Ri
R2
R3
R4

ACCEPT

REJECT

\

‘\\\\

\

AR ASAY

XA

NE

-
[~
&~
L
fanl

2~
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3.4

3.5.2

3.6

3.7.1

Semiconduclor voltages
Total main thyristor ,
Total contg thyristor

Total free wheel diode

Single main thyristor

Single coatg thyristor

- 43 -~

Hain

Single free wheel diode €

thyristor current sharing

HS

~

S

Vo!fage

_PEY 130

_—_E{. /'30
= 26
_ Y, [,1553

I .30

== R

Maximum deviation shall be £i10%

Chopper recovery

Chopper operation at maximum current

ACCEPT REJECT
o - P &0
cpk *“-124‘”ié‘ k/,
e, = 220 ¥
pk
Cop = Ll [V
epk -.=-.760', yJoo j2d
ITén L :

F16 o7-2(3)
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ACCEPTANCE TEST PRCCEDURE

D.C. CHOPPER

Part No. 524058-1
S 33-D7

FI& A1-30) -
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1.2

2.2
2.5

2.4

2.4.1

2.5

- 45 -

All accensible talted ond serew type conncctions shall be exemined
and Llested for‘tightncss. |

Point-to-point wiring check shall bc made using an ohmmeler wherc a
visunl check is not sufficient.

HOTE: A reject at any point must be clearcd before proceeding.

LOGIC CHECK OUT

Inscrt logic cards in their proper spaccs.
Connect logic cable from chopper to propulsion control.

Apply legic power with' 8 signal at minimum and gates clanped.

command
Release gatce clomps and observe gate voltage waveforms at termiral
boards, on drawecrs A, A2 and A3. tlace scope probe on terminal i
and reference on terminal 3. The waveform shall be:

The frequency of the gate pulses shall be 40 #2 Hz.

Place scope reference on logic commc) and the probe of channel | .n

Al Term |. Place the probe of channel 2 on A3 Term . Observe

vaveform on chopped input.

Al Term | [_-~\\\

A3 Term |
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2.6

2.6.1

2.6,2

2.6.3

2.7

2.7.1

2.8

3.1

Note displaceient of lewer wnvcform»(cummutation drive) in tima from
the upper vaveforn (rain drive), Disploceaent shall be 90 #2Cusec.
T=_70 psecC.

Cori.2ct a laboratéry power supply (o-150v, 1/2 amp) across resistors

4

RS1-7, Bt is connccted to the top terminal of the }csistor and B~ is
conncected to common.  lLeave chopper output terminai open.

Place scope reflerence on logic cummon and probe on Ul Term. 6.

Adjust potcntiometer R__»_ to obtain animum.ac omponent on scopc.
Move scope probe to U2 Term. 6. The display, GD, will be 12 volts

de. Increase the auxiliary supply vcltage ;Ibwly until C, falls to L

zero. Hote this voltage . Ey = 60 %10v 41 ¥

—

Decrcase the auxiliary supply voltage until €, rises to 12v.

£, =40 xtoy __%6 ¥

S

Note this voitage

t
B |

Observe gate voltages at drawers Al and Ad. When Co is 12 volts,

gate signals are present. v —
yes no
WVnen € is 0 volts ate signals are absent v .
O H g g
yes no>

Apply 28 volts to commutator contactor coil. It shall close. __MA
| yes no

Observe auxiliary contact. It shall operate to indicate condi-

tion of main contactor. N A

Remove auxiliary power supply. Turn off logic power.

POVER
Connect smoothing inductor and loud bank to the output of the chopper.

Close commutator contactor. Connect main power supply to the input

. | | F,Z(;_a(]—j (3)
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3.2

| 3.2.1

3.2.2

3,2.3

3.2.4

3.3

- 47 -

of the clopper. B! connects to the input terminal, B~ conneccts to
the Comven Terminal,

Apply lujic ﬁawcr, but clamp gate drive signals and sct'Qcom signal
to zero. nApply main’pchr. Increasze the main power voltage to

apprrxirately 203 volts. Reicase gate clemp., Adjust main veltage

to 200 volits if necessary.

*

' e : : ' cnr
Obscrve cummuatacion current waveform as developed across a 6786585

ohin coaxial shunt.

1 . -
Dl T, . tO& 2
- —
Tox Top =32V x £666 = £33 A

Observe voltages across main thyristors, comautating thyristors, and

the free viheeling diodes. MNote peak voltages

Zo5 v
Cmain -292 Vv *%°
Ceom ?24°V :
By 4365V

Observe voltages across each semiconductor. The voltages shall be

one-half 1 0% of the corresponding veltages of sect. 3.2.2,

Observe voltages across snubber resistors. R___; R » R__, and R .

Voltage spikes indicate operation of snubber circuits o

]

Increasc main supply voltage to 400 veolts. Observe voltage waveforms.
The peaks shall not be greater than twice the peaks of sect. 3.2.2, Co

not record.

. | /f]g.é/f'-g &) SHEET 63
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3.4 Increase main supply voltage to 650 volts. Observe voltage wavelorns,

The peaks chall not be greater than 3.3 times the peaks of sect. 2.7.2

and 3.2,3.

. Emain ~4¥0 te 0
172 Cman —3€° £ 300
Ccomt. 7 29
1/2 Ccomt. 360
er | 1/ 5O
172 By, +560
3.5 Turn on air supply to c.oo1 thyristors.l Reduce main supply voltage fo

200v, Advance © com signal to obta‘n approximately 507 duty cy<le,
Mcasure volizge developed across the current sharing resistors. The

. voltage is not critical at this point, except as an indication of

conduction. HS | ~
2 v
3 -
- 4 .
. 5 o
6 =
3.5.1 Advance Qcommand signal to maximum to obtain FULL ON condition.

Note voltage across sharing resistors.

HEAT SIHK VOLTAGE

' L3270

2 309
3 235
4 A32
5 280
6 ,__3_‘22..

F:Z-_é_' a/]__g =) SHEET 64



The maximun deviation shall be 30,

3.9.2 Increase Lhe nain supply voltage to &ew Note voltages across the

Jga
sharing resistors. -
L HEAT SIHK VOLTAGE -
3 AF 130
2 28 1,30

3 ze |26
4 24 [38

5 e 130
6 s Pt (.35

The maximum deviation shall be 0%,

3.6 Retard © signal. Chopper shall chop at maximum duty cycis, cecreas:

command

in duty cycle and finally decreasc In frequency as the ecommand sigral

- is decrcased to zero. MNote the main supply voltage will have to be
adjusted to maintain a constant 600v when the chepper is phaosed back.

Chopper recovery fur.> Jh £ - 36X
, : Z <« /o0 Anp
3.7 Clamp gate signals. Turn Main Power Supply down to zero and OFF, Short

load resistor, leaving the smoothing inluctor as the only load.

3 a1 ‘ " Y 3 T
3.7.1 Turn on main power supply. Increase the voitage to 15Cv. With ecommand

at zcro, release the gate drive. Increase the voltage to 600v.

Advancc © if necessary to obtain 1800 A load current.

command

Chopper shall opecrate satisfactorily. P’/’
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The results of some of the various development tests follow:

1+

Full Load Operation Tests

The full lecad operational tests wers conducted as indicated with the exception
of the brake mode operation which was done on the prototype and later during

system test.

SHEFT 66



- 51 - .

CommutatiOn Temperature Rise

Test Conditions set up for the heat run of the commutation componeﬁts are as
follows:

The air flow distribution was adjusted so that 200 CFM was passed through

the Inductor Capacitor compartment and 1200 CFM through the thyristor drawers.

Thermocouples were placed in the commutation inductor, commutation capacitor

and commutation thyristors. The main thyristors were also monitored. The

chopper was operated at 600V, 400 Hz with the duty cycle just of f minimum,

approximapely 5% on time. The reduced data from this part of the heat run is

shown in Fig. d1-4,

The commutation inductor did not overheat but it was not stressed to the maximum.
The worst case occurs when the system is in brake and all braking current is
passing through the free wheel path. This is not a cont inuous condition,

- however, and a current rating equivalent to that of the smoothing reéctor plus

the commutating current is considered adequate. The rms current is
L ~ 2 'z -
= / = [
4”3 éw'* 4 /%Qr A

7, o= /360. 4 s fram ity exte detk
ic = 5o, A tms

A Litz type wire is presently used in order to reduce A.C. resistance. -

R4

Further testing of the inductor will be accomplished in the prototype.

This test was extended to include various Duty Cycles. After the temperatures
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stabilized, the duty cycle was increased and the temperature allowed to
stabilize again. This was repeated for steps of 25%, 50%, 75% and Full On.

The reduced data is shown in the graphs in fig. d1-5.

Note that the inlet air temperature showed an increaﬁe of 12% over the ambient.
It is likely that this increase is due to the heating of the sharing resistors
which protrude into the duct area. By placing the sharing resistors on the
outlet end of the heat sinks, the temperature of the }nlet air could be

reduced by approximately 109F. The exira heat would then be transferred from

the main thyristors to the commutators and the rectifiers.

Two views of the chopper test setup for the full load operational tests are
shown in the photographs figures d2-1 and d2-2. 1In figure d2-2 the load
banks are in the left and center foreground; the chopper is in the right rear

background behind the blower, the calibrated airflow section and lead in ducting.
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7 ‘e. RESISTOR GRID (P/N 2000428-1)

Production Testing

l. Resistance check
2. Inductance check
3, Meg-ohm check

4, Visual inspection

Development Testing

Purpose
To insure resistor grid meets all design specifications.

Confiquration

Power source and instrumentation required to monitor the test
results.’

Procedure

Subject the grid to a load simulating the maximum duty cycle
expected during actual car operation., While at the hot
- temperature perform the following tests:

: a. Resistance measurement using a WheatstoreBridge
: ~ {1.520 Oms % 1.5%)

b. Inductance measurement using incremental inductance bridge
(100 x 1076 Henry's)

¢. Hipot at 3400 V AC ~ 60 Hz from the resistor elements to
the frame for one min.
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f£. BLOWER - COOLING (P/N 650932-1)

Production Testing

Direction of rotation

Rotational speed

Current

End play

Visual inspection for critical dimension

N -

Development Testing

Purpose

To determine the aerodynamic performance.

Confiquration

Power source and instrumentation to monitor and record test
results, :

Procedure

Supply. 230 V AC - 60 Hz - 3> phase power. The rotation of the
fan shall be CCW. The rotational speed shall be 3,450 RPM
(min). The input current, per phase, shall be 18,7 AMPS (max).
The aerodynamic performance shall be within the limits specified
in curve PA 85799,
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Development Tests, Blower

Test data for the Motor Driven Fan is shown in Figure fl-1. The plotted points
are test data and the solid line is predicted performance data for this unit
(605932-1). The designation of' this curve is PAB9900 as opposed to the PABS799
curve which was an earlier pgrforéance estimate.

Cver the actual operating range of 2300 to.2500 CFM the ac;ual fan performance
(as modified with front and back spacers) is very close to the original estimate.
Figure fl-1 also shows the predicted and actual values for power consumption

and line current. The data sheets for these tests are included and shown in
figures f2-1 and f2-2. The Iiﬁe current is approximately 5% abbve.the

originally predicted value of 18.7 amps per phase.
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HOSTLING CONTROL (P/N 2000502-1)

" Production Testing

l-
2-

Ohm meter check of carcutts per schematic
Visual inspection

Development Testing

Drop test

Purpose

To insure the design and packaging of the control is adequate
to withstard rough - handilng during normal use.

Configuration

No sfpecial equipment required,
Procedure

Unit to be subjected to numerous drops, from various angles, to
the simulated car floor from @ height of approximately 6 ft.

Cable integrity, switches and internal hardware will show no
basic degradation, .
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TRUCK CONNECTOR (P/N 515216-1)

Production Testing

I. Hi Pot
2. Visual inspection

Development Testing

I, Hi Pot

Purpose

To insure insulation between the connectors and the enclosure

is adequate.

Configuration

Hi Pot tester

Procedure

Apply 3500 V AC - 60 Hz - between the connectors and the

enclosure for | min,
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i. KNIFE SWITCH (P/N 2000504-1}

Production Testing
. Visual inspection only

Development Testing

l. None required

¥
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SPEED INDICATOR {P/N 421-0501-5001)

Production Testing

{. Operational test

Development Jesting

l. None required
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k. JET pump {P/N 200292!-1)

Production Testing ,
. Visual and dimensional inspection only

Develcpment Testing X

1. Aerodynamic calibration test

Purpose

To determine thz aercdynamic performance requirements, i.e.
primary flow and scavenge flow. .

Configquration

Place the Jet Pump in a tast fixture capable of monitoring
fluid temperature, pressure and rates of primary, secondary
and total flows.

Procedure

Apply iniet pressure. of !0 in H,0 to primary inlet at established
flow rate and record secondary Tlows and total flows.

‘ ¥ See durr vnder 575%—”, ,4,‘,—/A.¢ '7,‘,‘-_.,;/! ﬁ’f’f 105-—!22
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3) 1. POWER CONTROL UNIT (P/N 524060-1i }

Pfoduction Testlng*

I, Heg-ohm checks
2, Obm meter check of wiring per schematic
3. Power checks for pull-in voltage

a, Main contactor
b. Chopper contactor
C, Drive brake switch

4, Sensor calibration tests
5. Overload current ‘sensor tests
6, Differential current sensor tests

Development Testing

l. Heat run - all sections operating

Purpose

To insure that proper thermal conditions exist within the power
control unit, :

-V Configuration

Set up the power control unit with dummy electrical loads and
appropriate input source voltages and signals, so that all
equipment within the unit is exhibiting maximum thermai output.
Place thermocouples on all major heat sources within the unit.

Procedure

Run the unit in a steady state, maximum heat output condition

- and monitor temperatures within the enclosure, After thermal
equllibrium is obtained, record temperatures of the major heat
source clements by both the thermocouple and delta resistance
method,

Temperatures recorded shall not exceed 60°F above the unit
ambient temperature,
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Development Testing. PCU

The tests on this unit consisted of point to point wiring checks and control
logic operational checks without 600 VDC power. Further functional tests were

conducted on this unit during sysfem checkout.

No heat run was made on the box since,even at full power, the dissipation was

much less than 0.1 watts per square inch of surface.

The subsequent modification of adding the two truck iscolating diodes (in series
with the armature circuits) raised this peak dissipation to something less than
0.2 watts pér square inch, The local heating at the diodes could reach a peak of
2 KW but this assembly has integrally mounted iorced air blower and there is

radiation shielding separating other components in the area.
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m. GEAR BOX AND COUPLING

Production Testing

I,
2-
3.

Inspect for critical dimensions
Back lash measurement
No load torgue

Development Testing

Proof Torque Test

Purpose

Prove Lhe gearbox-coupling system will withstand (with adequate
margin) the torque expectled to be experienced in the intended
usage of the unit.

Configuration

Place the gearbox~coupling in a test fixture, with the output
(axle) held stationary. Using an ouxiliary high gear ratio gear-
box unit, apply torque to the subject gearbox input shaft,

Procedure

Apply a torque of 56,000 inch Ibs to the gearbox input shaft.
This input torque results in an output gearbox torque of approx-

Cimately 267,000 inch 1bs. Repeat the test in the reverse

direction and examine the gcarbox-coupling, The unit shall exhibit
no permanent deformation, ‘

Acceleration and Deceleration Torque Loads

Purpose

Prove the unit capable of operating at the torque levels experienced
during acceleration and deceleration.

Confiquration

" Conncct two motor-gearbox combinations through a common axle,

Connect the motors electrically so that one acts as a driving
element and the other acts as a loading element (generator).
Provide an air flow source, :
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GEAR BOX AND COUPLING (Contd.)

Procedure

Vary the lead on the gear box by loading the generator element
electrically. Vary the field currents of the motor element and
the generator element to simulate the load and speed of the system
at various points in the acceleration and deceleration of the
vehicle, Provide an airflow of a veIOC|Ly cquivalent to the

speed of the vehicle at egch test point, Run the following test
p0|nts for a time period of one minute or until an oil temperature
of 250°F has been reached;

Motor Torque RPM Vehicle Velocity Air Velocity
t/Lbs — MPH Ft/Sec
1000 300 17 24,7

900 1560 28 40,6
260 2400 44 63.7
320 4300 80 116.0
-960 200 3 4,3

The unit will be disassembled and |n5pectod following these tests,
No permanent deformation shall have resulted.

High Temperature Test

_PurEose

Prove that the lubricant, and method of lubrication is adequate
so as not to degrade the pertormance of the gearbox through the
entire operating temperature range.

Confiquration

Same as Acceleration end Deceleration Tests (Item 2).

Procedure

. Run the gearbax at a spced and load equivalent to the onc hour

motor rating (230 HP, 1560 RPM). Measure oil sump temperature as
in acceleration and dcceleratlon test, except provide no air flow
equivalent to the vehlcie velocity, Stop testing after a period
of one hour, or 250°F 0il temperature is reached. If the 250°F
oil temperature is rcached before one hour, repeat the test with
10, . , 30 and 40 ft/sec air flow across the gearbox.

The unit shall be capable of one hour of operation at the given

input with less than 40 Fit/sec air flow and less than 250°F oil
temperature.
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GEAR BOX AKD COUPLING (Contd.)

4,

Audiblie lHoise Tests

Purpose

Determine the audible naise characteristics of Lhe motor-gearbox
combination.

Configuration

Connect a motor and gearbox in a manner simulating the installation
on the car truck, :

Procedure

Record audible noise levels an abroadbandnoise level meter

"C" scale. Recordings will be taken at a distance of |5 feet in
each of the four longitudinal and lateral dircctions, and at

various gearbox loadings and motor speeds,

As a design goal, a noise level of 85 db maximum (reference
0.0002 microbar) wiil be recorded. :

0il Consumption and Leakage Test

Purpose

To insure that the case seals are adequate to prevent leakage
and the labyrinth seals allow proper but not excessive lubricaticn.

Confiauration and Procedire

Gil consumption and leakage tests will be monitored throughout
the test program,

Spring Rate of Axle Couplings

Purpose

To confirm that the actual spring rate of the coupling is within
the limits calculated for the intended use. ({Actual testing to be
accomplished by L ord Mfg Co.)

Confiquration

Place the unit in a static test fixture capable of measuring
displace and load in various directions of force application,

Procedurg

Cbtain data of load vs deflection of the coupling. The coupling
spring rates, as a design goal, shall be as follows:

Note: There ts considerable tolerance that can be allowed in the
actual spring rates.
' SHEET 88
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m. GEAR BOX AND COUPLING (Contd.)

in-1b
Kg; = 50,000 dog
L in-1b
K¢Y = 50,000 dog
_ in-1b
Koy = 48,000 “deg
KZ = 67,500 1b/in
KY = 67,500 Ib/in
= 170,000 tb/in
Kg = c¢ocking spring rate
Kg = torsional spring rate
= axis through axle length
= fore and aft axis through
center of coupling
Z = vertical axis through

center of coupling
Gearbox and Coupling Efficiency

Purpose

Prove that the gearbox-coupling efficiency meets the intended
requirements. )

Confiquration

Same as acceleration and decleration torque load tests {Item 2),
Procedure

Utilizing the motor efficiencies determined for the specific
motorzused in this test, determine the input and output power of
the combined series gearboxes, The efficiency of each gearbox
is defined as

e

x 100

nGB \ Power In

Determine the gearbox efficiency at each of the various tests
accomplished during acceleration and deceleration tests {Item 2)

Th; gearbox efficiency, as a design goal, shall be a minimum of
96%.
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m. GEAR BOX AND COUPLING (Contd.)

8. Vibration

Purpose

Prove the mcchanical integrity of the motor and gearbox to
vibratory input leoading. ‘ :

Conf iquration

A vibration fixture which independently simulates the axle input
to the geartox and the motor-truck frame mounting will be utilized
for this test. §

Procedure

With the motor truck frame mounting fixture in a static rigid
condition, drive the axlc input fixture and’ stan for resonances

in the 20 to 35 Hz region. Resonances in the 80 to 130 Hz

region have been given special attention in the design and will not
require evaluation.
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m. Develosirent Testinglaearﬁox and fou/a/rﬂj

1. Proof Torque

This test was not run. ‘'The basis for this is the large margin of load

vs design stress calgulat{ons. The normal.maximum operating torque level
is 1200 1b ft at the motor end of the gear train. The ultimate stress
level in this application for the materials and pro;essing used in the
manufacturing of these gears is in excess of 5 times the normal maximum
operating level. The infinite cycle fatigue stress level is slightly
greater than 2.2 times the normal maximum operating level.

2. Accelerarion Deceleration Torgue Loads

This test was not run as a separate test. Some data relevant to this

item was acquired during testing done in para 3. below
{

3. High Temperature Test

“This test was run at a RPM (2400 at motor) considered to be representative
of a continuous severe operating condition. The reduced data is shown in

curve forn in Fig. m3-1. This test was run without forced air cooling.

4., Audible Noise Test

No data was recorded for this test because the actual noise level was
Jjudged to be an order of magnitude less than the test requirement as

observed during item 3 above.

5. 0fil Consumption Test

This test was not run
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6. Coupling Spring Rates

The SOAC coupling spring rates as obtained from Lord Mfg. Co.

-Spring Rates StaticF, Dynami ¢
K, Torsional ' ' 20, 000 37,000
in. 1b/deg.

K Axial, Tbs/in 170, 000 320, 000
K_, Transverse 30,000 56, 000

z .

Ibs/in.

Kt » Cocking, None’ 76,000

Y in.1bs/deg. (estimated from test)

# Test by lord

*#* Estimated by Lord

The fatigue life of the coupling wa§ estimated by Lord Mfg. Co. as five years
based on a set of combined loads which Lord considered as conservative. In
reviewing the fatigie analysis, the most damaqing load to the coupling appears

to be the transverse (vértical) load due to Bg vibration, which consumes about 40%

of the life.
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Gear Box Efficiency

Two data points were extracted from 8-24-72 laboratory test data shown
in Fig. M7-1. The data reduction is illustrated in Fig. m7-2. The motor and

generator efficiency data was supplied from other data not part of thié

teSt (3+).

These calculations show the Gear Box + Coupling combination to be approximately

97% eff icient by the definition:

7 = JPower Cutput {(Electrical X I/YZG'
GB : X 100

Power Input (Electrical) X f]M

The test setup is shown in block diagram form in figure m7-2. The actual test

fixture is illustrated in figures m7-3 and m7-4 with one of the two drive units
mounted. .

{
Vibration

‘This test was not run. A test to determine the assembly natural frequency was

run for information purposes and the data and a plot of a point of maximum

displacement of the Gear Box/Motor assembly is shown in Fig. m8-1.
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Power Input Power Output
#otor Motor Armature :?:?:;) Hotg;}{.‘Gen. Generator Armature l’é??(*) Calculated Eff.
orque Amps Volts Amps 'T VoTts Gearbox/Coupling
473 480 245 .930 1569 395 245 .932 .975
762 800 238 914 1578 . 630 238 .925 . 966
(1b.ft.) Gear Box
Ratio = 4.78 -
Test Set-Up
GB GB _
Motor + + . Gen
Coupling] iCoupling
9]
m
=
3
© FI& m7-2  Gear Box - Coupling Efficiency Data
[+2]
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FIGURE m7-3




FIGURE m7-4
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n, P SIGNAL GENERATOR

Production Testing

I. Continuity checks
2. Operational tests

Development Testing

. None required
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FILTCRS AND vUC: .

Production Tosting
S ik}

i

Development Testing P

Visual and dinmcnsional Inspection only,

“To establish the duct size,

iV

Test to establish AP in duct section between DC chopper and
traction motor (cal end No. 1)

Purpose

Confiqitration

Test setup simuloting fan ducting, DC chopper, ducting {to be
test.:d) and traction motor,

Procedure

Install duct in test setup monitoring inlet pressure, temperature
differential pressure (across duct being tested) and outlet
pressure and temperature. !

S.ee oéfz/t vrder S‘js/fvn; AP;/AV Tes? Ezje; /106 — /20
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MASTER CONTROLLER (P/N 2000503-1)

Production Testing

i,
2-
3.

Ohm meter checkout of wiring per schematic
Operation of key and handles to check mechanical interlock
Visual inspection

Development Testing

Operation with P signal generator, and logic electronics

Purpose

that
To determine Ahe controller functions properly within its design
parameters. ‘

Configuratian

Install the controller in a test setup, with the necessary
instrumentation to manitor all inputs and test results.

Procedure
Operate master controller through a sequence simulating normal

car operation. Determine that the master controller provides
the required inputs to P signal generator and logic electronics.
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q. PROPULSION CONTROL (P/N 524062-1)

Production Testing

{. Hi Pot (rack, prior to logic card installation)

2. Continuity check of all circuits

3, Functional test all logic cards prlor to installation
4

. Functional test logic system.

T P b e e A R s, IO SRl o S = W e e e AR ol e n

Development Testing

l. Thermal tests

Purpose

To insure the proper thermal conditions exist within the propulsion
control unit,

Confiquration

A ek

Install the propulsion control unit in a test setup using simulated
loads, signals and required input voltages. Install thermo-

;

¥ couples on all major heat sources within the unit.

a0

» Procedure

% Test the unit in a steady state, maximum heat output condition,
1 After temperature within the unit has stablized, measure and

% record the major heat source elements by both ths thermocouple
fi and delta resistance methods.,

Tehperature recorded shall not exceed 60°F above the unit ambient
temperature.

A

2 39 S sl L R E ] st nd g
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Development Testing, PPCU

Testing included point to point wiring checks and extensive control logic tests
using simulator developed for this purpose. Further functional tests were

carried out on this unit during system test.
The card stacks are forced air cooled with internally mounted fans; however, the

total dissipation is considerably less than 0.1 watts per square inch of box

area and a heat run for this unit was deemed unnecessary.
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AUX POVER CONTROL (P/N 2000434-1)

Production Testing

Continuity checks of all circuits and contactors

Hi Pot

Functional test all log'c cards prior to installation

Functional test all components (i.e. field power supply, voltage
regulator, etc.) prior to Installation

5. Operation and checkout of motor alternator start circuits.

NG —
[ ] - -

-

Development Testing

. Motor alternator start sequence

Purpose

To insure the motor alternator start circuit Is functioning
properly.

Configuration

Install the aux power control in a test setup with the motor/
alternator, associated circuit breakers, contactors, simulated
loads and variable high voltage-high current DC source.

Frocedure

Apply 600 VDC to M/A start circuit breaker. WIith no load applied,
close circuit breaker, allowing start sequence to occur, After

M/A has reached rated speed (1750 RPM) and rated voltage, (230 VAC
60 Hz 3@) apply loads.

Reduce voltage to 400 VDC. M/A will shut down shedding all loads.

Increase voltage to 550 VDC, M/A set will restart going tnrough
its normal start sequence.

2. Rail Break Operation (June 30)

Purpose

To prove that the start, control, regulation and protectlon circuits
of the Motor Alternator are functioning properly.

Confiquration

Install the aux power control in a test setup with the motor
alternator, associated circuit breakers, contactors, simulated
loads and vartable high veltage-high current DC power source,
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r. AUXILIARY POWER CONTROL (Contd.)

Procedure

Apply 600 VDC to the M/A circuit breaker. Close circuit breaker,
Allos M/A to start and reach rated speed and rated voltage.

Apply 3-phase loads, air conditioners last,

Opm1contactor(slmulathu;railbreak) for 1l sec. and close.
Check to insure that all circuits are functioning properly.

Heat Run. All sections operating

Purpose

To Insure that proper thermal conditions exist within the aux
power contrel unit,

Configquration

Set up the aux power control unit with simulated loads, signals
and input voltage, so that all equipment within the unit is
exhibiting maximum thermal output. Place thermocouples cn major
heat sources,

Procedure

Run the unit in a steady state, maximum heat output condition and
moni tor. temperatures within the enclosure, After thermal

‘equilibrium is obtained record temperature of the major heat

source elements by both the thermocouple and delta resistance
me thod. ' '

- Temperature recorded shall not exceed 60°F above the unit ambient

temperature,
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Development tests. Auxiliarv Power Control Unit

Individual component functional tests were made on the Field Phase Delay
Rectifiers (PDR's) on the transformer rectifier unit (TR} and the.Battery
Charger. The PDR's (MHA sét and two field PDR's) all have integrally mounted
forced air blowers. The battery charger is in good thermal contact with the
base of the APCU box. No single sub-unit requires to dissipate more than 500
watts peak and the unit-as a whole will not exceed 0.2 watts per square inch of
surface. No heat run was made on this unit. Observation during system test

confirmed that heat dissipation was not a problem even though there was no

external forced air flow in that set up.
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SYSTEM TESTING

Purposc of Test

To funciicnally test and cvaluatce the propulsion dynamic

braking and auxiliary power system as an integratcd

transit car system.

To check out cach subsystem as it would be arranged

in the integrated car systen,.

To evaluate each subsystem and compare results with

predicted values.

To evaluzte system proitection by failin “ani/or
y Y g

exceeding rrescribed limits,

Procedure.

(1}

(2)

(3)

Per form production test on each component to be

used in system test or check to see that tests have
already been made. Install thermocouples.

Install cpmponent in system test facility in correct
relative position as in actual car iﬁstallation.

Use system installation Dwg. 200C6C27-1 as &
reference. The traction motors ate_the exception,
and will be mounted outside the test cell wall.
Conncct the components per wiring diagrams and wire

lists. Check out thermocouples,
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s. SYSTEM TESTING (Contd.)

(4)  Inz!oll circulit breakoers in system which ore

part of cab controls,
(5) Check wiring for grounds.

(6) Test low voltage circuits, using battery
voltage to sece if contactors, circuit breakers,

interlocks, ctc., are working properly.

(a) Power Control Unit

Contactor operation, auxiliary contact’
circuits, overcurrent relay circuits,
differential current relay circuit

ﬁ) current sensor outputs,

(b) Propulsion Control Unit ‘ .
Relays which cperate drive-brake
contactors,

Limit check (response to *"P" signal).
Check shutdown circuits from varbus

sensors and switches.

(7) Run cooling fans and measure air flow

parameters of fan, chopper, and duct work.
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(9)

(10)

G

-95 -

mys. SYSTEM TESTING (Contd.)

Air Tlow to motors un systen oot will not be ducted as in car. Therefore,
adjust air flow to get the devired cubic fect per minute, Measure pressurc

drop across moter only,
Check start-up, controls, and ojcration of notor-al ternator set.

(a) normal operation
(b) quick shut-dewn circuits

(c) simulation of rail breaks; chort, long, and repetitive gaps
Connect cooling fans to M.A, set.

(2) check starting current of fans when contactor is closed, and
voltage transient
(b) steady state load requircment and P.F, of fan motors.

Add craction motor field nnwer suoplies to MLA. set output

*

(a) response to control logic commands
(b) accuracy of field current

{¢) steady state loads and Pouer Factors
Battery charger and battery bus checkout

(2) operation of charger when connected into system

(b) opcration of transitién to.battery and from battery to transformer
rectifier as motor/alternator voltage fails

(c) meas. e voltage variation due to transition and sce if any

transients present that affect logic pouwer supplies.
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SYSTEM TESTING (Contd.)

{17)

(14)

(15)

(16y

(17

(18}

Checi: chapper cperation at light loads below base sneed. Motoring mode.
Observe chopper operaticn, control lagic, waveforms, capaciter bank
voltages and curvents, temperatures in cquipment boxes, chopper turn

off time.

(a) wvariable frequency operation at start .
(b) variable engle operation; normal running

(c) stability of closed lcops

Check chopper operation at light loads during trancition through base

speed. Motoring mode,

Check operation of field contrel and current balonce in motors above

base speeds.

Check chopper in braking mode, oeginning with operation cof system above

2900 rpm and using field control. Observe transition into chopping mode.

(a) observe power in brake grids; voltage and/or current
(b) traction motor current balance
(c) voltages on chopper

(d) cushion off
Check operation of speed indicator

(a) accuracy
(b) tlimit speed buttons

(c) transients; jerk rate

Run full pouer acceleration performance tests., Strip chart recording of
rpm, (or mph} motor current, 3rd rail current and voltage, capacitor bank

current. Waveforms of chopper- input and output vol tage.
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SYSTEM TESTING (Contd.)

C19) Add Cpeeic brabing ar full eapability, Dbservation, as in (12].

(20} Run simulated driving schedule, including 30 sccond station stops.

Record temperaturcs,

(a) repetitive responsc accuracy
(b) hot spots
(c) component

(d) power consumption and system efficicncy
(2!% Heat runs at balanced loads; temperature rise

(a) below base specd; various grades

(b) above base spced; various grades

(¢) component wiear

(d) component noise; electrical and acoustic

(e) power consumption and system efficiency
(22)  Full power acceleration with rail breaks under various conditions

(a) M.A. set operation
L ]
(b) control legic

(c) air pressure cwitches®

(23) Perform M.A. load shedding tests, with chopper running at varicus 3rd
rail voltages.

(24} Run performance tests at various voltages

(25)  System protection tests
(a) overload current relays

(b) diffgrential current relay
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SYSTEM TESTING (Contd.)
(c) loss of rotor field current
(d) loss of air flow
(¢) M.A. set malfunctions
chrspced
Overvol tage
Open-phase
Too long to start
Undervoltage
(f) filter capacitor fuses open
(g9) chopper lock up
(h) dead man
(i) brake loss (activation of PKO switch)
{3) lcsc of legic p&vcr |
(k) ovértempe;ature sensors
(1) - undervoltage 3rd rail
(n) overvoltage 3rd rail

(n) reset trainline

(o) fuse

Slip-slide
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5.

SOAL System Test

The system test setup was configured to represent the vehicle undercar area.
The main frame was of steel"I”'Beam construction with approximately six feet

of ground clearance and all, of tHe components of the Propulsion group excluding
the traction motors were mounted in their proper felative positions suspended
from the steel frame. With this arrangement it was intended that the local
fields due to the large reactors and heavy current carrying conductors would
bear some similarity to the vehicle environment. The 600 VDC supply originated
from a large transformer/rectifier located remotely in the same building. The
cable runs té the traction moto;s were several times longer than those in the

vehicle.

A view looking into the test cell is shown in ihe photograph, figure sl-1. The
suspended components shown at the entrance are the PCU {on the right) and the
chepper. {on the left). The two motors in the foreground were positioned here

temporarily for part of the Air Flow test.

The traction motors used for the system load were located outside the
test cell housing the Propulsion Control components for safety reasons.

Photographs of this setup are shown in Figures s1-2 and si-3.

Forced air cooling for the TFaction Motors was supplied from an independent
blower system. FEach motor was directly coupled to an inertial load (flywheel)
representing the vehicle. This setup was designed to represent the GTE vehicle
and reflected a much higher weight in terms of SOAC wheel size and gear ratio
(ZOQOOQIbs) consequently accéleratiOn and deceleration times codld not reflect

SOAC performance.
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FIGURE sl-1
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FIGUPF s1-2
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FIGURE sl1-2

SHEET 117




- 103 - .

The SOAC brake grids were also situated external to the test cell and forced
air cooling was applied because of the heating (1.8 megawatts peak). Repeated
cycles of acceleration and dynamic braking causes these resistors to glow
af visible red level. No attempt Qas made to build up a simulated Air Brake
Subsystem.
Air Flow
The first section of this setup to be tested was the-Traction Motor Cooling
group which consisted of the axial flow fan and filten the Jet Pump, the
Chopper, simulated center sill and flexible ducting to the motors. This
setup was fed with a calibratéd orifice section used to measure input air
flow. Tge calibrated test section and blowver used to compensate for test
section pressure drop are shown in %igure s2-1. The input section to the
filter (ahead of the fan) can be seen in figure s2-2, just behind the small
manometer. The Chopper access door is the panel in the upper left of

figure s2-2.

The following pages ( /94 through /20 ) are reduced data and analysis

of the Air Flow Test. .
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FIGURE s2-1
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FIGURE s2-2
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Air Flow T-st (June 28, 29, 1972)

This test was run to assess the performance of the air cooling system for
the chopper and traction motors at the Ho. 1 end (front) of the SOAC car. The
cooling system is shown in Figu;g{:zs.Air is taken in at the filter due to suction
at the fan. A smal;‘amount of air is bled off to the jet pum& ahead of the
fan (filter scavenge £1low, Qs) and again downstream of the fan (primary flow,
Qp). The bulk of the airflow goes through the chopper (QCH) and ducting to the

two traction motors. A calibrated orifice was placed at the filter air intake

for total flow measurements (QT).

The analysis examines the various flows to see if adequate cooling flow is
attained for the chepper and the two traction motors. It also determines at
what efficiency the "filter/jet pump"‘is-operating. Fineglly, calculations are
made to show what adjustments in flow should be made to attain acceptable over-

all performance with adequate cooiing flow and high fiiter efficiency.

- Tracteon
Examination of the test data (see attached laboratory test log) shows that

motor rotational speed has little effect on cooling flow. This can be seen from
the consistency of the readings in the calibrated orifice data (columns 10 and

1
11, Page A) for diffaren;“@9tor speeds. Therefore, a nominal speed was selected

(3000 rpm, see point no. 7) and the analysis based on this set of data.
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Calculate mass flow at calibrated orifice from Lab data shect

point 7 = columns 10, 12, 13 ‘.
Input (gage) pressure = ‘1.31" Hg (31.23" Hg abs)
Temperature = 88°F
AP = 19.15 "Hzo

31,23 sl19
o = %992 * Geo+gs - %
aP =

99 x 19,15 = 18.95 "H20

|
From orifice curve data (P.lzq)the mass flow is determined to be

187 1b/min.

Calculate fan volumetric flow rate from data (Page /%)
. .
columns 4 and 5

Fan inlet pressure = =2.75 "H 0 gage

2
Fan outlet pressure = +9.05 "H20 gage
— “ -
AP = 11.8 "H,0
406.8 = 2,75 519
U = A —p————— =
¢ 406.8 X 780 + B8 - 945
. — 1 . . - n _
GF.APF = 11.2 Hzo (Note: 406.8 H20 =
Fan inlet air density = op x 0765 = .0723 1b/f¢°
Volumetric flow rate = 187 =‘ = 2560 CFM ( lectin
: ' .0723 U vneglecting

scavenge flow)

SHEET
AIRESEGRCH MARUFACTURING COMPANY ’ 1 2 3
Lo dnprey Cnforneg

29.92" Hg)




Ster 2 (continuzd)
Filter scavenge flow design point Is 200 CFM

J. Fan volumetric flow.(lst approximation) s 2360 CFM (QF)

Step 3 Calculate fan total pressure rise and Tlow velocity, go to fan

performance curve cbage B-I)and enter curve at 2360 CFM

AP. :
—L = 13.9 "H,0
F
= = z "y
APT = 13.9 x .945 13,1 HZO
‘ i
Fan crcss section area = 1,0 sq ft
\
. flow speed velocity = Volumetric flow rate = 2360 _1_ = 39.3 ft/sec
Area 1.0 60
Step 4 Calculate fan static pressure rise and duct loss, go to velocity

pressure conversion curve (Page //8)

P

—L = 0.35 for 39.3 ft/sec
oF ‘ '
;. Statlc pressure rise across fan = 13,1 - 0.35 (.945) = 12,8 "H20
Duct entrance loss = AP AP ‘
» calc. meas.

Lo drasie; Laktnng

6:9 AIRESEARCH MANUFACTURING COMPANY : SHEET 124
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Step 5  Summarize pressure deps in systein ("Hzo) -

]

Filter = P, - P, = - .o; - (52.75)

2.7 (See line 17 on data $2-
sheet Page //5 and Figurc:&i

¢

[y

Duct entrance loss T = 1.0

Fan pressure rise = 12.7
Duct expansion and turning =
P - P = 9-05 - 9005 ﬁ c-o
4 9 S
Chopper '?9 ~ P, = 9.05- 8,15 = 0.9
Duct to Motor No. 1
Duct to Motor No. 1
- = 8. 6-7 = » 5
P9 P8 15 30 1.8
Duct to Motor No. 2 T
P6 - P7 = 8.15 ~ 5.70 = 2.45
Motor 1 inlet to Atm ’
Pp.-P. = 6.,30~-0 = 6.30
8 0.
Motor 2 inlet to Atm
P,-P = 570~ 0 = 5.70

7 0

A}
Step 6 Determine jet pump operating conditions, go to Page B-3 showing jet

pump performance curve (note switch in nomenclature)

(column 3 in data) is 7.55 "H_0 and

Nozzle pressure P 2

3

AP, on curve (Page //?) = P3 - 0.0

Casreravy,] ARESEARCH MANUFALTURING CCMPANY
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Step 6 (;ontihucd)

AP

I

Pressure rise in scavenge path is Afm - Pt 1.9 = .
460.8 + 1.96 ' §19 o
. "
= . - O
BP0 1.86 H2

fl

s, from curve, volumestric flow 147 CFM (Scavenge, Qs)

-and the jet nozzie flow 107 CFM (QP)

Step 7 Summarize flows. It will be noted that the approximafion made in
Step 2 was 200 CFM instead of 147 CMF but this results in less than
2% error in fan pressure rise

QT = 2650 C#H

Qf = 2560 ~ 147
an

= 2413 CF{~
Qp = 25 | .
Q- =  2413-107 = "2306 CFM
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SUMMARY OF OPEPATING FLOW CONDITIONS

Desired | Test |
Flow per motor 1000 CFM 1150 csm_i
Jet Pump A . | i
Nozzle 145 107 g
Scavenge 200 147 ,_}
Fan 2145 2413
|

Conclusions

Operzting characteristics of the system are quite close to the predicts
Ie?els. 8y orificing the motor outlets fer higher pressure drop (and bettc
flow balance) total flow can be brought to the desired level of 1000 CFM £o
each motor and this will also increase the fan pressure rise so that the }o.
pump wifl operate nearer its nominal values, resulting in improved filtrat's

‘the cooling air flow. .
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LABORATORY TEST LOG

S/N

- DATE .
E.W,0/CHGE., NO. SUpPP. | 1
DATA L0G
BN TECHNICIAN _ SHFET oo _ o SHECT .
Fieas T T ) T T
=
) - | . :
=/ JeT Porm P Low £FMT€R SULTION‘L
- 2 FILtTER INLET
P- 3 YET Bwmep H 19 H
- ¢ Fan OCuT LET
£- 5 YA INLET
- 6 CHoPPEQ  OuTLET.
£- 7 TRacT 1on meTor i
-5 TRACT jon  moToe F2
‘ QP“? CHo PPER (N LT
4
P-rs0 oORFacE A P
[4
P11 ORTAcE Hg H
:,'.
4
]
| Fls.52-¥
' TOTAL TIME:
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Fan Heat Run

The fan motor was run with its normal loading using the same equipment used
Fage 107
in the air flow test (sce Fig, 52-3, ). After cne hour's running, the fan was
shut down and electrically disconnected so that one pair of terminals could be
monitored for resistance change with respect to time after shutdown. The resuits

of this test are shown in fig. 52-12 in terms of resistance and equivalent

temperature rise as ccmpared to ambient conditions prior to the run startup.

CAirflow Suitch (PN 684-0504-9001)

.

Static tests with a water manometer were made on four units, The"switch on*

under slowly rising pressure occurred over a range of 3.9 to 4.1 inches of water.

Starting from 5.0" H,0 and going dovin slowly the turn off range was 3.0 to 2.5" HZO'

These units were later reworked to provide a smaller up/down hysteresis {approximately

0.5" H,0 in place of the original 1.5" H,0 spread)

2
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Traction Motor Cooling

Summarizing the data from the Air Flow Test and from the Traction Motor heat

run in Secion "a " it is evident that adequate cooling capacity is available.

Figure s2-/3 is a block diagram of the elements contained in the SOAL car
related to the front truck of the vehicle. This diagram shows the éea level
test data for air flow. Motor test data for steady state full power operation
is represented in Figure sZ—lf. It can be seen that the cooling system capacity
for pumping air exceeds that used in the motor heat run test by a 30% margin
and;uzbggeaaéhfiy,-thé"motors will run cocler in thé syétem fhan in the

test setup. ;
| .?

f

The hottest temperatures that were recorded were in the compensating pole

face winding and the shunt coil at the air outlet side. In steady state
230 HP operation these regions stabilized at approximateiy 225°% and

eventually rose, after shutdown, to 260bF
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Auxiliary Power

The second phase of the system test was putting the Auxiliary Power Subsystem
into operation. This coqsisteﬁ of: (1) checking out the DC supply which
includes the transformer/rectifier (T/R), the batte%y charger and battery

B + circuitry; (2) checking out the MA protective and control circuits wifhout
600 VDOC being present; (3) start and run the MA with no load using facility
600 VDC and battery only for logic and B8 +; (4) add T/R loaa and Battery
Charger; (5) with fully operating Auxiliary Power supply check system reaction

to added loads.

The above series of checks occurred over a three week period in July 1972. The
strip chart record shown in figures s3-1, " s3-2 , and s3-3 were run
in September, after modification and is representative of the subsystem

performance in near final form.

Propulsion Tontrol! and bOynamic Braking

The main propulsicn control components PCU, Chopper and PPCU were individually
checked and then coupled together for a preliminary system checkout. At

this time no &¢00 VDC power was applied but a.simulator was conrected which
represented the drive system on the two trucks. The simulator modelled the

traction motors in detail sothat system responses to conditions of RPM and

torque generated demands for corresponding field current and Chopper control
of simulated armature current. All of the control logic and the Targe
contactors wvere exercised in the simulator runs and these activities were

critically examined to determine that safe and proper sequencing was

occuring.
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After a thorough chéckout with the-Tractién Motor Simulator, the test stand
motors viere éoupled fo the system and motor field control tests were madé prior
to application of 600 VDC power. %hén low RPM starts were made with 600V facility
power applied. Fy mid-September 1972, the test stand was fully operative ard testing

continued through February 1973, concurrent with field testing at Pueblo, Colorado.

Some representative strip chart recordings of actual runs are shown in figures
s4~1, s4=-2, and s4~3, Figures s5=1 and s5-2 are the instrumentation data sheets

which identify the traces and related scaling of date.

Figure s4-1 shows a typical low speed drive/>rake transition. Figure s4-2
shows conditions during acceleration as motor passes through base speed (motor
field current Begfns to decrease). Figure s4-3 shows a typical drive brake transition

- i
at 73 MPH (approximately 390C RPM)

i
‘Other tests completed during the later part of 1973 included: speedometer
calibration, speed limiting, Hostler control checkout,vmotor stability tests and

maximum load cycling. System testing in the test cell was terminated in February 1973.
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MA-SET (P/N 2014606) (DC-Motor and AC-Generator with Exciter)

Production Testing

Ezch motor alternator set is subjected to the following production
acceptance tests,

A. DC-Mator B. AC-Generator

l. Resistance of windings and polarity check I. Resistance of windings
2. Seating of brush faces 2. -

3, No-load tests 3. No-load tests

4. Overspeed 4, Overspeed

5. Dielectric 5. Dielectric

6. Commutation check 6., -~

7. Black-band tests (Ist unit onty) 7. Load test

B. Inspect all critical dimensions of set, 8, -

Development Testing

One MA-set will be utilized to perform the following development tests,
A. DC-Motor
1. No-Load Saturation

Purpose

The purpose of this test ls to confirm the capability of the motor
magnetic circuit,

Configuration

The motor will be driven by the alternator connected to a 220 VAC,

3 phase power supply with a capacity of about 450 amperes, The start-
up is made with either a variable power supply (Variac) or a starting
transformer to limit the starting inertia current. The exciter field
current shall be akout 5 amperes at about 12 volts,

Procedure

A voltmeter is measuring the output voltage on the motor leads,

A variable DC power supply of 220V, 20 amperes provides the field
power,

Change field current of the motor 0-15-0 amperes in 1.5 amperé steps.

Field current shall be adjusted increase only up to 15 ampere and
decrease only down to zero. Record output voltage and field current.
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MA-SET (Contd.)

2.

Efficiency of MA-Set

Purpose

Determine the overall motor-alternator efficiency

~ Configuration

The DC-motor will be connected to a variable DC-power supply of

650 volts and about 250 amperes, the AC-generator will be connected
to a 3 phase load bank which can absorb about 125 kw at 220 volts,
Remove overspeed switch and connect a speed pick-up wheel of the
optical or magnetic type to the shaft, Field power for motor and
exciter same as for no-load saturation test.

Procedure

Supply full field current to motor, start motor by increasing

armature voltage up to 650 volt, Check speed and adjust field

current to get 1800 RPM. Energize the exciter field and adjust AC

voltage to 230 volts, Close the breaker to the load bank and in-

crease the load gradually to 125000 = 314 amperes. Adjust motor
J3 x 230

field at the same time to keep the speed of 1800 RPM constant.

Record: Motor: Armature current: Im’ Armature voltage: Em

Field current: If, Field volttage: E.

Alternator; Alternator current: Ia’ Alternator voltage: Ea

Exclter current: Ie’ Exciter voltage: Ee
Set: ~ Speed: RPM

_ J3 % Ia X Ea x 100

Efficiency: 1T = T % E % (excluding field power)
m n .

J3xI_xE_x 100
a a %
(1, xE )+ (I xEg) +H1, x E)

Overall Efficiency: T =

As design goal the overall efficiency of the set is 75%.
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MA-SET (Contd.)

3.

Commutation Tests

Purpose

Verify the commutation characteristic of the DC-motor arc within the
design limits. ‘ .

Start and load the DC-motor as above but check commutation at the
following load points.

Volts Amps RPH Load

a., 650 230 | 800 Rated
b, 750 200 1800 Rated
c. 750 200 1 800 Rated
d. 550 270 {800 Rated
e. 400 270 1800 72° Lo
f. 650 290 1800 125° Lo
Heat Run

Purpose

Verify that the motor, alternator and exciter thermal design is
adequate for the purpose intended. o

Confiquration

Same as in Tests 2 and 3, Install thermoindicators in the motor at

the mainpole coil, interpole coil and compensating coil, in alternator

at the stator coil, on exciter in-the stator coil, at the air outlet

-~ end use ambient thermometer in oi! cup.

Test Conditions

a. Alternate continuous rating of 125 kw, 230 VAC, 1800 RPM with
motor voltage at 650 VDC,

b. Same alternator rating with motor voltage at 550 VDC.
Procedure

After set has been at room ambient temperature for at least 8 hours,
measurc che resistance of the three phases of the alternator, AC-
motor resistance at the two diode plates, resistance of the exciter
stator winding and resistance of the DC-motor armature between bars
about 40 bars apart and marked with permanent markers and record,
all resistances and ambient temperatures. Record all
temperatures at beginning of test and every five minutes while at
test conditions, Stop test when temperature rise between readings
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MA-SET (Contd.)

is not more than 2°C at any of the test points, Measurc the DC-motor
temperature on the iron and end turns, risers and commutation surface,

Measure the resistances of all windings specified above and record,

Calculate the final winding temperatures using the following formula:

Rf . R.I .
te = ——E;_"" (234.5 + ti) + ot C
te = Final temperature in °C
ti = Initial temperature
Rf = Final winding resistance in Ohms
R, = Initial winding resistance in Ohms

i

In the above tests the temperature shall not exceed 180°C,

Qverspeed

Purpose

To prove the mechanical integrity of the rotors and commutator and
the speed setting of the overspeed switch.

Confiquration

Mount overspeed switch tothe MA-set and connect the normally closed
switch to & lamp and a 120 VAC power supply. Disconnect the alternator
from the load bank to run at no load. Connect one phase. to a digital
counter. Start up and run motor as before. Reduce motor field slowly
and observe when overspeed switch is interrupting the lamp circuit.

The circuit shall interrupt at 2,260 RPM {120% of 1890 RPM)., The

motor shall run for 5 minutes at overspeed and commutation shall be
observed to see if sparking occurs from deformation of commutator

due to high speed.

Dielectric
Purpose
Prove the dielectric capability of the insulation system.

Confiquration

Test the motor, alternator and exciter in static condition with
windings disconnected,
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MA-SET (Contd.)

Procedure

Test the power circuit of the motor with a voltage of 2700 VAC, 60 Hz
between windings and frame. The shunt field with a voltage of 2000 VAC
60 Hz. The alternator stater winding with 1500 VAC, 60 Hz, The
exciter circucts, after short circuiting the diodes witn 600 VAC,

60 Hz. A1l voltages shall be applied gradually, hold the test voltage
for 60 seconds and reduce the voltage gradually. Each winding not
tested will be connected to the frame,

Vibration and Shock

Purpose

Prove the mechanical integrity of t he MA-set vibratory and shock
input loading.

Confiquration

A vibration fixture which simulates the car body input will be
utilized in this test,

Procedure

With the MA set on the mounting fixture in a static rigid ggpdition,
drive the input fixture and scan for resonances in the 20 hr (50 Hz
region. Any rescnances in the BO to 150 Hz region will require

special attention and evaluation.

The MA-set will be shock-tested in the axial direction at %10 g's,
30 ms.

Noise
Purpose
Determine the audible noise characteristic of the MA-set.

Confiquration

The MA set is running at no-load and at full-load at 1800 RPH,
Procedure

Record audible noise levels on a broadband noise level meter !
scale. Recordings will be taken at & distance of 15 ft at lateral

and longitudinal direction. -

As a design goal, a noise level of 85 db maximum (reference 0.0002
microbar). will -be recorded.
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t. MA-SET {Contd.)

) 9. Black Band Test (First unit only)
Purpose

To set the right interpole strength by adjusting the interpole air gap.

Configuration

The DC-motor will be loaded by the alternator,
Pmcedure

Note: A buck-boost circuit at the int'erpole circuit will be required
for this test. ‘ ,

Supply 650 volts motor input voltage. Adjuwst field current as
required throughout the test to provide a set-spced of 1800 RPM and
load the motor with the alternator to rated load of 230 amperes,

Energize buck boost source and increase the boost voltage unti!
visible sparking occurs. Record output voltage field current, hoost
current and speed of motor. Decrease buck voltage until visible
sparking occurs and record as before.

Adjust interpole air gap to give signal buck and boost current until
[) sparking occurs; -
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MA Set Development Tests

3.

4.

5.

-

Motor No load Saturation

The data for this test is'given for unit SN52-=D3 in Figure t1-1(4)

Efficien~y of the MA Set

The efficiency as defined by Watts out(AC)
Watts in (0C

x 100

. . " . / t
is given by the expression 3E? I+ X IOQA%arm IanJ to an accuracy of
approximately +1% at full load since the exciter and the motor field powar

input is less than a kilowatt.

" For SOAC the nominal maximum operating load is about 1/2 the réting of

this unit and therefore excitation and field coniribute about -2% to the

efficiency

T~ 1357 %124 x 100/ ({50.x 90.) )~ 2. = 83T [,

as taken from the fourth lire of dats in figure t1-1(3)

Commutation tests

From the last row of data in figure t1-1(3) there is no sparking throughout
the input power rangé from 6.5 KW to 270 KW. )

Heat Run

The heat run test data for a nominal maximum power input of 125 KW is shown
in figure t4-1. This unit has its own self contained air filter and

blower for cooling.

QOverspeed

The overspeed (#20%) test data is shown on figure t1=-1(5).

Dielectric

The test data for Hi-Pot is also shown on figure t1-1(5).
SHEET 156



ENGINEER NG TEST oN SN 52-D3
MA SET P/ ot i

DATA SHEET — paTE: 74572
g DG
1EcH j ,fé}//ﬂ!ﬁ

A. FPrepARATIoN

4, RESISTANCE MEARSUREMENT
L. SHUNT CoiL QS}J - 7.5a OMHS

7. STRTCR 0L Rejeyser 09437 LDEMS

6 Tl AREAT VRE 90° Ra 0,063 __ DHMS
R —_— - -

o W ALTERNATOR T te &  o.ces— DRTZ

Y . ﬁ'LTE, eNATO Ta 0 G| o.ces  OHWS
Vi - ALTE RNATeR Té to C’ 0,008 DAMS
N %CITER - FIELD ClyD 2.5 Ono

5, -IHSuLﬂ'ﬂdn{ .'RESISTHN CE" -

T. SHUNT Coil 4o GND, /6 xr0% . MQ
LI .STATUR ColLs to GND, ./5_)(/03-.__[_\_'\__..
™ ReToR To &ND, | 20 ypo®. Ms-
. STATeR Gils To S;%uw"r 29 5007 PASL

_E_E 11-10) SHEET 157



- 143 -

s
SV B D3

' 7-18-7%
P DC Moter TeST

1 MNp load Test -

ji Faeld Res}s fa.u.CE Ca{Cu/;:L"(tzOJU :
1. Teld Quvrent I‘q 170 _AMRS
T, Feld Yoltage b 3y YOTs

HI. f_\mbtan{ Tewiper‘a +UV€ 7¢ F.

— I ) OHMS
M QSH" I;;_ - ,

-

1.3 Foll S\Deec{ Teat

T Arwature curcent 72 anps
T. Avymatuwe Voli"c(ge 650 Yolfs
. Feld cuvrent IS ﬂn'}ps

E. ":.e‘(\‘ Vo\"('&g@ _MLEIEL“_@%;W:/

. SPEED (200 RPM .

f,[f' ¢1-1(2 SHEET 158

e 8 43 8- = ne s s epe———

e — o be [ T




- 144 - o e

Si52-D3
71872

B el e T

! ,_Mﬁﬁf{’“ 1 ﬂLTEf?f/ﬁTo/f VY onp comminm

 ARMETURE, MRMATURE| Fjeld | ARMATURE ™ ARMATURE EreiTER ’BﬁM‘f | SPaRK
|vgLrs| s Amps |"verss” | Uangs” " mg ' TAoiA s

——

Yb | . Xe | D¢ ikeap |

450 | 2.0 {2 (3¢ _ 1 0 c...1..9 Big

5 PRI SRR 4. SUPIIN Yot . - S

Lo | 4.3 '/[‘-_Z’_h,...*..@”l Lo 1

| gep Mo L flo | 39 /./'a____ L8 L35 ij__

W ue  use e s | sr g s e

bso. 202 | 13 | [Bf | 2.5

$59 29, 5 - .__7'4' . /35-.....— 3394 v e

450 3549 J0. b 13¢5 4 3 A3 128 | BK

50 | a0t 84| 3¢ | 4o | a7 | _pme | BK

F1§ £1-1(3)  SHEET 159

e e ——— v A - e _—
L g e i e mpam bk e e g — - . —




- 145 - SNV 52-D3
| - - T-}5-72
No Lonb SETuRAT; orf
R R UL SRS S
FIELD | ARMATURE |\ FIEL-D . IRMATERE
AMPS VoLTAGE ‘ AMPS . VoLTHGE
INCREASE ' DECEERSE. i
;,
o .25 o !\ 4.5
2 /22 Z 3
“# 250 “ 5 Zbo i
| s |
& i 340 b1 3ébo__:
i : s
b D
g Yoo M. T 1 495
o |
N N TR o
J2 o eye . 42 | 457
| b
/14 457 AN s
| |
/6 725 _J_.___/_... 730
| i
/8 | zsor |1 18 | 7507 ]
F/4 51'16() | SHEET 160



SN 52-p3
- 146 - ‘
| 7-18-7%
| CERSPEED CowJRol ST Hgh 2060 ResT /802

OVERSPEED TesT REM 2/ éo TiME &L .._#!..4:'_4’_6(2(6‘"{_.---._._-:

73 /%7' A 7o Gvound Yois 2500, Timg__L Mud._

f; e (;‘—ro.u.ﬂa( ipj]_’; LSeo 7}'/'45___‘./.04 A

- — . .
7y 7o Gvound Nolts. L8590  Time Lsiwr —
LXOTER'C” To Ground Yoils. seco.. Time /Pio oo o

SHEET 161

- Fls t1-1(%)




R IETH PRI

ewd
i

RPN N
B et

Pl

Lo P R
Y | ,.:.cda.l::q- Vewa e

Y

. , .
T . »
e .
R A
BT AL .
‘. o .
. 1
PR oL N
i

PR - P

pege gt

PoLe im0 INGE

R “"‘i.-'-'----
e A NTERS

7

N

 RRHATURE. AT L2

AR

O
TR RERE I P
. ..-. w . 4 4-
R g Nt Bt A ]
. ) H HIR
! I oA :
T L e e
! : N

LON/I 2

-

: oF f’.'_l.-'t"-?

D B T I S

-

1l
2|
3

g m

&)
Gl

s | — -

ek

- P ———
a3 e TR

»

-

- MoToR - SHuMT W‘f‘”_‘g_ﬁ

i
Do e
[T R PRy
T
Lo st
.

. LEREEE
S t Lt e R
.k PRI

e T B e PRI
TR % BTSN ,W
IRHEHE S SAEEEC Y
S R Q - O
TN EET I T T
N Y A | Lo
RN R EE Jedol e .
s Do 'nar.“- el e
o a; R
SIEEUN CAIEIEE IR CARIFURERS SRt SRR AP AR
oo ! A HDR DR i Lo
LR RS O . :
IR S S .p‘..l-qt..\ulnl e e e i
SRR A R
ﬂ.. 4 - : Cold -} : )
v | o
o M e
: _ ;
nm ” 1 An
- “/ﬂ . i
: _ : i 'y Q0
wi. 4 e
: i it
..r|” w E M

. . ! -
R R e

USSR SO
A VBRI W o
NN S EEHEDH
. - e ' - PEEEN HECIY S
. e bl : ot sl 4ot et
falariatre et tdy S i , e, e :
. . . ..m ' " AR ‘...“. . B
oo T . HE 1S XN A SRAE
o, RETES 2\ SRS DR R TSI AN+ I
en s VEESARE B O AN Lot
i- .- M - . . . * P
e . b Lim EERPRURTIN \ R oo

. N.
Y LA -
A B ol W Sl S——— ¢ W B At

AT [RuNn-~

§

A
2o/ 4606

‘3;419-an

M

-230VAC

125 i
SoAcC

He

e s vread
mON AT,

e ls
-

#-1

A

-

-

Frs. ?

—

T FavIrdiiem

e
Lo

0
R
—

1]

O ¢

R N
” }W.muﬁ_

FL P Y P, m

SHEET 162

-

Lk

I WY

(AR

Pt B X8 IR T

13
)
'
|
1
)

+

- g e e

!

}
{
A
{
i
i

¥ e ¢ oty

“h mperna

f— e

- ——



- 148 - .

MA SET DEVELOPMENT TESTS (continued

7.

Vibration and Shock

These tests were not run '

Noise

This test was not run

Black Band

This test was run on the traction motors. Due to the 1imited speed range and

reduced power required in this application, the motor will run entirely in the

black.
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APPENDIX II

IIA - TRUCK FRAME STATIC TEST

IIB - TRUCK BOLSTER STATIC TEST
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APPENDIX IIA

TRUCK FRAME

GSI REPORT T34701-1

SHEET 167




SHEET 168



STATE OF ART CAR
TRUCK FRAME STATIC TEST
FOUR WHEEL MOTOR TRUCK
Test Report T-34701-1

July 10, 1972
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July 10, 1972
S.0.A.C.

TRUCK FRAME STATIC TEST
FOUR WHEEL MOTOR TRUCK
TEST_ REPORT T-34701-1

Introduction:

This static test was conducted on the S.0.A.C. truck
frame GSI 34701, Serial 1, cast date 3-72, to determine the
structural adequacy of the truck frame. The loading forces
‘and loading conditions were those set up in GSI's test procedure
as modified in consultation with Boeing-Vertol before the start
of the test., During the Stresscoat test a portion of the truck
frame wheelpiece adjacent to the side bearing pad was determined
to have a marginal stress level.

This section of the truck frame was reinforced on the
other side and the test conducted on the pedestal openings on
one side of the truck frame and the center portion of the truck
frame on the other side.

\

"Also the radius of the side bearer adjacent to the top
surface of the truck frame was determined to be too sharp. This
radius was chipped and ground to cbtain a better blending of the
side bearer into the top surface of the casting before conducting
the strain gage test.

- Object:

The object of this test was to determine the stresses
in the truck frame under the above agreed upon loading conditions
and to determine the deflection of the chevrons under vertical

load.

Conclusions:

The recorded stresses and chevron deflections were
satisfactory as agreed upon by Boeing-Vertol and GSI St. Louis
Car Division and ths Castings Division.

The maximum recorded stresses for the test under the
agreed upon loading conditions were:
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Applied Max, Recorded Stress
Load 1000 P,.S.I.
Loading Condition Lbs, Ten. Comp.
With Tie Bars 47,760 +14.1 -16.1
vertical Load :
Loose Tie Bars 47,760 +15.0 =16,1
' “Lateral Load  With Tie Bars 7,164 +2.7 -1.8
:) Applied to ' .
B Serial Side Loose Tie Bars 7,164 +2.7 -1.8
Lateral Load With Tie Bars 7,164 +2.1 -2.7
Applied to
Non-serial Side Loose Tie Bars 7,164 +2.1 -2.7
Ooutward ‘ With Tie Bars 24,500 +4.8 0
Longitudinal }
Load Loose Tie Bars 24,500 +9,3 0
Downward Vertical 10,351 +4.8 ~15.9
Load on Motor . 17,811 +8.4 . =27.3
upward Vertical 10,351 +18.6 ~-5.4
Load on Motor o 17,811 +32.1 -9.6
Mount . 24,137 +43.8 -12.9
Lateral Load on ) 6,720 -12.0 - +14.7
Motor Mount , ‘
TPoward Non-Serial Side 11,600 -20.8 +25.5
Lateral Load on ' 6,720 -13.5 +12.3
Motor Mount .
Toward Serial Side Ill,600 —23.4 +21.3
Personnel:

present for the Stresscoat ﬁest were:

Messrs. R. W. Moore GSI Castings Division
G. C. Krause ' GSI Castings Division

T, M. Herbert GSI Castings Division
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Present for the strain gage test were:

Messrs,*M. Dennis Boeing-Vertol :

N. Bohm ‘ St. Louis Car (part time)
E. G. Dunlop St. Louis Car (part time)
J. Hrinson St. Louis Car (part time)
D. G. K. Wilmot ‘ GSI (part time}

K. E. Spencer -GS

J. D. Burnett GSI

G. C. Krause GSI

R. W. Moore GSI

T. M. Herbert GSI

Dates of Test:

The test was conducted from 5-19-72 to 6-9-72.

Procedure:

A. Preparation

Prior to applying strain gages, one half of the truck
frame was Stresscoated (see Photographs 1 and 2) and loads greater
than the agreed upon loading conditions were applied to determine
the points of maximum stress. At this time it was decided to
reinforce the area of the truck frame between the brake support
brackets. This reinforced area of the truck was Stresscoated
(see Photograph 3) and the overload conditions repeated,

Stresscoat indications were developed at locations
given in Table 1 and shown on Photographs 4 thru 11 and SG 34701.

Strain gages were located on the truck frame at these
points and other points to determine the general stress dis-

tribution. See SG 34701 for strain gage locations.

B. Instrumentation

Except for strain gages 5, 6, 8, 9, 18, 185, 37 and
37S which were SR-4 one-half inch gage length type A-5-S6 and
rosettes 56, 56S and 578 which were M-M rectangular rosettes
type EA-06-125RA-120, all strain gages were SR-4 one-eighth
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inch gage length type FAP-12-12S6. The strain gages were
applied, waterproofed and wired to terminal blocks from which
cables were run to a switching unit and read out on a strain
indicator,

Loads were applied with hydraulic rams and read out
.on calibrated hydraulic gages or load cells., See Photographs
12 thru 19 for test setups.

For determining the chevron deflections under vertical
load, scale readings were taken between the top of each dummy
journal box at the centerline of the box and a prick punch mark
on the truck frame directly over the centerline of the dummy
journal box.

C. Loading Conditions

The following loading conditions were apélied to
the truck frame: ' ; a
Load for Stress Maximum Load

7 Determination Applied
Loading Condition , ~ Ibs, Lbs.

Vertical load applied equally 47,760 74,000
on two side bearers (total).

(see photograph 12 for test

setup) .

Lateral load applied at the 7,164 20,000
centerline of the truck and

reacted at each axle., (See

Photograph 13 for load

application and Photograph 14

for load reaction).

Outward longitudinal load applied 24,500 30,000
to each axle (See Photograph 15 :

for load application and

Photograph 16 for load reaction).

Vertical downward load applied on 10,351

each motor mount (See Photograph 17,811 ‘25,000
17 for test setup). 24,137
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Load for Stress Maximum Load

Determination aApplied
Loading Condition Lbs. Lbs.
Vertical upward load applied on 10,351
one motor mount (See Photograph 17,811 . 25,000
18 for test setup). ‘ 24,137
Lateral load applied in each 6,722
direction on each motor mount 11,600 12,500
(See Photograph 19 for test
setup) .

This truck was set up for test using chevrons, .
durmmy axles & dummy boxes. The dummy axles were supported by
stands at each end. These stands were located eguidistant
from the centerline of the journal. Side bearing pads and a
dummy bolster were used for vertical load applications to the
truck frame. All loads for stress determination are for a car
.-weight of 41,500# on the air springs.

The vertical load of 47,760# due to the load on
journal boxes was applied equally to the side bearing pads
thru the dummy bolster by communicated hydraulic jacks with a
load cell and ball seat. This load was reacted at the supports
for the axles. See Photograph 12 for test setup.

For the lateral and longitudinal loading conditions
applied to the truck frame a constant vertical load was applied
at the center of the dummy bolster by an air spring and reacted
near the end of each dummy axle. The reaction was thru ball
bearings placed between two hardened steel plates. The vertical
load was necessary to maintain the chevrons in place under lateral
or longitudinal load. The air spring and ball bearings were used

to reduce external resistance to lateral and longitudinal motion
to a minimum. '

The lateral load of 7,164 lbs. due to 15% of the weight
on journals was applied at the centerline of the truck at the
centerline of journal height and reacted at the end of each dummy
axle. This load was applied to one side of the truck and then
reversed to the other side pf the truck. See Photcgraph 13 for
load application and Photograph 14 for load reaction.
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The longitudinal load of 24,500 lbs. which was
applied at the centerline on one axle and reacted at the
centerline of the other axle is due to a maximum full service
brake shoe force of 10,280 lbs. per wheel plus an adhesion
factor of 15% of the weight at rail. See Photograph 15 for
load application and Photograph 16 for load reaction.

The motor mount bracket loads were specified by ~
Garrett., (See Comments). The vertical downward motor mount
bracket load of 24,137 lbs. was applied thru a rubber pad to
each motor mount bracket. The load (48,274 lbs) was applied
to the center of a beam supported on each rubber pad. The
load was reacted at the supports for the axles. See Photograph
17 for the test setup.

The vertical upward motor mount bracket load of
24,137 1lbs. was applied thru a rubber pad to the strain gaged
motor mount. This load was reacted at the side bearing pads
and the supports for the axles. See Photograph 18 for the
test setup. - .

The lateral motor mount bracket load of 11,600 1lbs.
was applied thru a rubber pad to each motor mount bracket. The
load (23,200 1lbs) was applied to the centerline of a beam con-
‘nected to a plate on top of the rubber by a tension member. The
load on the plate placed the rubber pads in compression. The
load (23,200 lbs) was reacted at the centerline of the truck,
See Photograph 19 for the test setup.

Results of Test:

Tables 1 and 2 contain the stresses for the truck frame.

Sketch A is a plot of the average chevron deflection
versus applied vertical load.

’ )
Photographs 4 thru 1l show the Stresscoat indications,
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comments:

All truck frames were reinforced per Photograph 3,
and had the radius at the side bearers blended before shipment.

For vertical, lateral and longitudinal loading con-
ditions, the tests were conducted in the pedestal areas with
the tie bolts with an initial torque of 30 ft.lbs. and at the
request of Boeing~Vertol with the tie bolts loose. Spacers were
not used for the test.

The following data was supplied by Garrett based on
their assumptions:

Vertical Lateral No, Cvecles
‘ 6
Condition 11 10,351# 11,600# 106
Condition 12 17,811% 6,722# 10
“Condition 13 17,811#% 11,600# 10
.;Conditiqn 14 24 ,137# 6,722%# 10

Due to the fact that this truck has primary springing,
it is very doubtful that the 17,8ll# vertical force generated
by a 15G vertical acceleration or the 11,600# lateral force
generated by a 10G lateral acceleration would be obtained.
Therefore we feel that the motor test loads are high, the
motor bracket was very conservatively tested and recorded
stresses are acceptable for the test conditions imposed.

TWW

T. M. Herbert

Engineer of Tests
Attachments

TMH :sjml
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TABLE 1
TABLE 2

_SKETCH A
PHOTOGRAPH
PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

T-34701-1

LIST OF ATTACHMENTS

LOCATION AND NUMBERS OF STRAIN GAGES ON THE TRUCK FRAME.

RECORDED STRESSES IN THE TRUCK FRAME FOR DESIGNATED
LOAD CONDITIONS.

EVALUATION OF ROSETTES ON THE TRUCK FRAME FOR
DESIGNATED LOAD CONDITIONS.

AVERAGE CHEVRON DEFLECTION VS, VERTICAL LOAD,
STRESSCOAT AREA OF THE TOP SIDE OF THE TRUCK FRAME.
STRESSCOAT AREA OF THE BOTTOM SIDE OF THE TRUCK FRBME,

STRESSCOAT AREA OF THE REVISION TO THE TRUCK FRAME
IN THE AREA OF THE SIDE BEARER.

STRESSCOAT INDICATIONS IN THE SIDE WALL OF THE
WHEELPIECE UNDER VERTICAL OVER LOAD. ROSETTES 56
AND 565 WERE PLACED AT THESE INDICATIONS,

STRESSCOAT INDICATIONS IN THE TOP OF THE PEDESTAL
OPENING UNDER VERTICAL CVER LOAD WITH LOOSE TIE BARS,
STRAIN GAGES 19, 20, 21, 22, 23, 24, 25, 26, 27, 23,
45, 46, 195, 20s, 21s, 22s, 2358, 24s, 258, 268, 27S,
285, 455 AND 46S WERE PLACED AT THESE INDICATIONS,

STRESSCOAT INDICATIONS IN THE AREA OF THE SIDE BEARER
UNDER VERTICAL OVER LOAD. THIS AREA WAS GROUND TO
INCREASE THE RADIUS AND STRAIN GAGES 44 AND 448

WERE PLACED AT THESE INDICATIONS.

STRESSCOAT INDICATIONS IN THE TOP OF THE WHEELPIECE
UNDER VERTICAL OVER LOAD INBOARD OF THE BRAKE BRACKET.
STRAIN GAGES 39 AND 39S WERE PLACED AT THESE INDICATIONS.

STRESECOAT INDICATIONS IN MOTOR MOUNT BRACKET UNDER
VERTICAL MOTOR MOUNT LOCAD, STRAIN GAGES 16 AND 17

WERE PLACED AT THESE INDICATIONS.

STRESSCOAT INDICATIONS IN MOTOR MOUNT BRACKET UNDER
VERTICAL MOTOR MOUNT LOAD., STRAIN GAGES 11l AND 12
WERE PLACED AT THESE INDICATIONS.
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PHOTOGRAPH

PHOTOGRAFPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

T-34701-1

10

11

12

13

14

15

16

17

18

19

SEE PHOTOGRAPH 15 FOR LOAD APPLICATION,

LIST OF ATTACHMENTS (continued)

STRESSCOAT INDICATIONS IN MOTOR MOUNT BRACKET UNDER
VERTICAL MOTOR MOUNT LOAD., STRAIN GAGES 50 AND 51 WERE
PIACED AT THESE INDICATIONS,

STRESSCOAT INDICATIONS IN MOTOR MOUNT BRACKET UNDER
IATERAL LOAD, STRAIN GAGES 13, 14, 52 AND 54 WERE
PIACED AT THESE INDICATIONS.

VERTICAL LOAD TEST SETUP, LOAD APPLIED TO DUMMY
BOLSTER AND REACTED BY DUMMY AXLES.

LATERAL LOAD APPLICATION AT THE CENTERLINE OF THE

TRUCK AT CENTERLINE OF JOURNAL HEIGHT. SEE PHOTOG?APH
14 FOR LOAD REACTION. NOTE AIR SPRING TO APPLY VERTICAL
LOAD TO RETAIN CHEVRONS IN PLACE. BALL BEARINGS ARE
PIACED BETWEEN HARDENED STEEL PLATES UNDER THE AXLES

SO THAT THE TRUCK FRAME CAN MOVE LATERALLY FREELY.

LATERAL LOAD REACTION AT THE ENDS OF THE AXLE,., SEE
PHOTOGRAPH 13 FOR LOAD APPLICATION.

LONGITUDINAL LOAD APPLICATION AT THE E€ENTERLINE OF
AXLE, THE SAME SETUP FOR VERTICAL LOAD TO RETAIN
CHEVRON IN PLACE AS SHOWN IN PHOTOGRAPH 13 WAS USED.
SEE PHOTOGRAPH 16 FOR LOAD REACTION.

LONGITUDINAL LOAD REACTION AT THE CENTERLINE OF AXLE.

VERTICAL DOWNWARD LOAD MOTOR MOUNT TEST SETUP. BOTH
MOTOR MOUNTS WERE LOADED. REACTION TO THESE LOADS

IS AT THE AXLES, '
VERTICAL UPWARD MOTOR MOUNT TEST SETUP., ONE MOTOR

MOUNT WAS LOADED. REACTION IS AT SIDE BEARERS AND AXLES,

IATERAL LOAD TEST SETUP. LOAD IS APPLIED TO BOTH MOTOR
MOUNTS AND REACTED AT THE CENTERLINE OF THE TRUCK FRAME.
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T A B L E I
5.0,A.C. TRUCK FRAME STRESSES UNDER DESIGN LOADING CONDITIONS - PATTERN NO. 34701 SERIAL NO. 1 CAST DATE 3-72

Page 1

~ DESIGNATES COMPRESSION STRESSES + DESIGNATES TENSION STRESSES STRESS IN 1000 PSI
gtress due to a Stress due to a Stress due to a Stress due to an '~ Stress due to a Stress due to a Vertical Stress due tc a Lateral Stress due to a Lateral
Vertical Load of Lateral Load of Lateral Load of Outward longitudinal Vertical Downward Upward Load applied to Load applied to the motor Load applied to the motor
47,7604 total 71644# applied to 71644 applied to Load of 24,500# per Load applied to ' the motor mount bracket mount bracket as specified mount bracket as specified
applied equally at the serial no. side non-serial no. side Axle Motor Mount Bracket as specified below below. Lateral Load toward below. Lateral load toward
the side bearers of the truck of the truck as gpecified below non-serial side of truck serial side of truck

Tie Bars Tie Bars Tie Bars Tie Bars Tie Bars Tie Bars Tie Bars Tie Bars 10,351% 17,811%# 24,1374 10,351# 17,81 % 24,1374 6,720% 11,6004 6,720%# 11,6004
Torgued Loose Torqued Loose Torqued Loose Torqued Loose

Gage to 30 ft. to 30 ft. to 30 ft. to 30 f£t,

No. Lb. ILb. Lb. Lb.
5 -2.4 N.R. +1.2 +1.2 -1.5 N.R. 0 N.R. +1.5 +2.7 +3.9 =-2.7 -4.5 -6.1 0 0 -0.8 1.2
6 o) o] 0 0 0 0 0 o] \] 0 o] [s) 0 0 0
B8 o] 0 0 0 0 a 0 ) 0 0 0 ~d.6 -8.1 +4.8 +9,3
9 o] ] 0 0 o] +0.9 +1.5 +1.8 +1.8 +3.0 +4.0 +1, +1.6 -1.5 -2.6
10 4] o] 0 [v) 0 +1.1 +1.5 +2,1 -1.2 -1.8 -2.4 -6, =10.8 +7.2 +12.3
11 »* 0 0 0 (o) 0 -15.9 -27.3 -37.2 +18.6 +32.1 +43.8 -5.0 -8,6 +5.1 +8.7
12 * 0 1] N.R. (o} L] -12.0 ~20.1 -27.3 +11.6 +20.1 +27.0 0 0 0 ]

13 . * 0 0 [+) 0 +0.9 +1.8 +2.4 «1.2 -2.1 -2.7 +5.4 +9.3 B.O. B.O.
14 * 0 0 o) [+] +0.6 +1.2 +1.5 0 0 0 -9,6 ~16.5 +9.,0 +15.6
16 * 0 0 o] 0 -9.2 -15.5 -21.0 +9,.0 +15.3 +20.8 P 0 o] 0

17 * 0 0 0 0 0 -9.2 ~15.5 -21.0 +8.9 +15,0 +20.4 +1.5 +2.7 -1,7 -2.9
18 0 0 0 0 0 H.R. N.R. N.R. N.R. N.R. N.R. N.R. N.R. N.R, N.R.
18 © g 0 0 0 A4 0 (g

19 « 0 +7.8 0 0 0 o o] +5.4

198% 0 +8,9 0or 0 0 o +1.0 +7.5

20 * 0 +8.1 0 o 0 o +1.2 +6.0

205« 0 +6.9 0 0 0 0 +1.2 +6.0

2] * +3.8 +10.1 +1.2 +1.2 -1.2 -1.2 +1.8 +.8

215% +4.8 +14.4 +1.2 (o] 0 0 +3.0 +9,.3

22 * +4.4 +9.9 -1.2 -1.2 +1.2 +1.2 +2.2 +5.4

228%* +6,3 +13,8 -0.9 -1.2 0 +0.9 +2.6 +8.3

23 « +4,2 +8.1 -1.5 -1.5 +1.5 +1.2 +1.6 +4.5

235 +7.8 +15.0 -1.5 -1.8 +1.2 +1.2 +2.1 +7.1

24 * +6.3 +11.0 +1.5 +1.2 -1.5 -2.4 +1.4 +5.0

245% +6.0 +10.8 +1.2 +1.2 -1.4 -1.2 +2.1 +6.0

25 « +5,6 +11.6 0 0 o -1.2 +1.0 +3.3

258*% B,0, B.O, B.O. B.O. B,O. B.O, B.O. B.O.

26 +7.8 +11.4 =-1.2 ~-1.2 +1.1 +1.2 +0.4 +3.6

265* +7.5 +11.6 -1.2 -0.9 o 1} +0.9 +3.8

27 * 47,2 +12.0 0 0 0 ~1.2 +2.4 +5.1

275*  +7.8 +13.1 o] 0 Q 0 +2.6 +6.0 4

28 * +5.9 +11.4 0 0 o ] +2.2 +5.1

288* +6.6 +12.0 0 (1} o 0 +2.1 +5.7

o 0 0 0 o] 0 o (1] 0

30s +3.3 0 o] a o) 1] +2.2 0

31 0 0 0 0 (o] 0 0 1) b

s 42.7 0 0 0 0 o +1.2 0 W hd h 4 hd \l/ N U N/ WV N qapLE 1 Page 1
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{rage 2)
PATTERN NO, 34701 SERIAL NO. 1 CAST DATE 3-72

TABLE I

S.0.A.C. TRUCK FRAME STRESSES UNDER DESIGN LCADING CONDITIONS

- DESIGNATES COMPRESSION STRESSES + DESIGNATES TENSION STRESSES STRESS IN 1000 PSI

Stress due to a Lateral

Page 2

Stress due to a Vertical
Upward Load applied to
the motor mount bracket

Stress due to an Stress dug to a
Outward Longitudinal Vertical Downward
Load of 24,5004 per Load applied ta

Stress due to a
Lateral Load aof
71644 applied to

Stress due to a
Lateral Load of
71l64¥% applied to

Stress due to a
Vertical Load of

47,7604 total

Stress due ta a Lateral
Load applied to the motor
mount bracket as specified
below, lLateral Load toward

Load applied to the motor
mount bracket as specified
below, Lateral leoad towaxd

applied equally at the serial no. side non-serial no., side Baxle Motor Mount Bracket as specified below - -
the side bearers of the truck of the truck as specified below non-serial side of truck sexial side of tiuck
Tie Bars Tie Bars Tie Bars Tie Bars Tie Bars Tie Bars Tie Bars Tie Bars 10,35l#% 17,811% 24,137# 10,351% 17,811% 24,137% 6,720# 11,5004 6. 7204 116008
Torqued Loose Torqued Loose Torqued Loose Torqued Loose

Gage to 30 ft. to 30 ft, to 30 ft. to 30 ft.

No. Lb. Lb, Lb, L.

32 +2.4 0 0 0 0 0 +1.2 ) N.R.  N.R,  N.R. N.R. N.R. N.R. H.R. N.R. N.R. N.R.

328 +3.0 0 0 0 [s] 0 +2.1 o]

a3 0 o] 0 4] (o) 0 0 o

338 0 Q a 0 0 0 [v] 0

35 ¥4, 1 N.R. +1.8 N.R. -1.2 N.R. o K.R.

358 +11.9 +1.2 N.R. -0.9 o

36 =3.6 +0.9 +0.9 o 0

368 -6.9 +1.5 +1.5 -1.4 +1.5

37 +4,.8 [4] N.R. o )

375 +5,1 -0 N.R. 0 o

38 +10.2 0 o 0

3ss +10.8 0 \l/ 0 o

39 * 1=15.0 +2.4 +2.4 -2.7 +2.0

395%* =15, +2.4 +2.4 -2.3 +2.7

40 +14.1 +2.1 N.R. ~-1.2 o]

408 +8.6 +1.2 M.R, o 0

41 -6.0 +2.1 +2.1 -2.6 +1.2

418 -6.5 +2.1 K.R, -1.8 +1.5

42 -3.9 0 0 -1.2 0

43 -4.8 -1.5 ~1.5 +2.1 +1.8

438 ~-6.3 -1.5 N.R, +1.5 +1.5

44 * -14.¢6 V +1.2 +l.2 0 0

445+  -16.1 N +1.2 +1.2 0 N4 +0.9 A d

45 & +3.3 +9.6 0 0 Q 0 +1.8 +5.4

455* 43,6 +10.8 0 0 0 0 +1.8 +7.1 1

46 * +3.5 +10.1 (1] 0 0 0 +2.1 +5,.7

465% +3.9 +12.5 0 (4] 0 0 +2.6 +7.8

47 +4,.8 -1.8 0 0 0 (W) +1.2 ¥.R.

478 +6.3 -2.7 0 [4] 0 0 +4.8

48 +7.3 0 0 0 o 4] +4.2

488 +8.3 o] o] 0 4] 0 +4.3

49 +5.1 N.R. -1.2 -1.2 +1.2 H.R. 0o

493 +3.9 \ =1.2 -1.2 +1.2 \V 0 N v W e v W A W WV A A

TABLE I -Page 2
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Page 3

T A B L E I (Page 3)
5,0.A.C. TRUCK FRAME STRESSES UNDER DESIGN LOADING CONDITIONS PATTERN NO, 34701 SERIAL NO. 1 CAST DATE 3-72
= DESIGNATES COMPRESSION STRESSES + DESIGNATES TENSIUN STRESSES STRESS IN 1000 pPSI
Stress due to a Stress due to a Stress due to a Stress zue to an Stress due to a Stress due to a Vertical Stress due to a Lateral 5tress due to a Lateral
Vertical Load of Lateral Load of Lateral Load of Outward Longitudinal Vertical Downward upward Leoad applied to Load applied to the motor Load applied to the motor
47,7604 total 71644 applied to 7164# applied to Load of 24,5004 per Load applied to the motor mount bracket mount bracket as specified mount bracket as specified
applied equally at the serial no., side non-serial no, side Baxle Motor Mount Bracket as specified below below, Lateral Load toward below, Lateral load toward
the side hearers of the truck of the truck as specified below non-serial side of truck serial side of truck
Tie Bars Tie Bars Tie Bara Tie Bars Tie Bars Tie Bars Tie Bars Tie Bars 10,351# 17,8114 24,137# 10,331% 17,811# 24,1374# 6,720# 11,6004 6,720% 11,6004
Torqued Loose Torqued Loose Torgqued Loosge Torqued. Loose
Gage to 30 ft, to 30 ft. to 30 ft. to 30 ft.
No, Lb. Lb. Lb. Lb,
50 * 0 N.R. 0 o} 0 N.R 0 N-R. -6.3 -10.8 =14.7 +6.9 +11.7 +15.9 s] o] 0 0
5L * 0 . 0 8] 0 0 =8.3 -14.0 -18.9 +9.3 +16.1 +21.9 ] 0 -0.6 -0.9
52 g 0 0 0 0 +2.1 +3.6 .8 -2.7 -4.5 -6.3 +14.7 +25.5 -13.5 -23.4
53 +3.3 -1.2 -1.2 0 0 -6.3 -10.8 -14.7 +1.2 +2.1 +3.0 -6.0 ~10.2 +1.8 +3.3
54 * 0 0 0 0 0 +4.8 +8.4 +11.3 -5.4 -9.6 -12,9 -12.0 -~20.8 +12,3 +21.3
55 -6.9 +1.2 +1.2 -1.5 +0.9 N.R. N.R. N.R. N.R. N.R,. H.R., N.R. N.R. N.R, N.R.
558 -12.8 A +2.7 N.R. -2.6 +2.1 N.R. N.R. N.R. H.R. N.R. N.R. N.R, H.R. W.R. N.R.
Note:
B.O. ~ Bad Order Strain Gage
N.R. = Not Recorded
* ~ Stresscoat indications at these strain gage locations

TABLE [ Page 3
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TABLE

5.0.A.C, TRUCK FRAME PATTERN NO,

2

34701

SERIAL NO, 1

EVALUATION OF ROSETTES UNDER DESIGN LOADING CONDITIONS
- DESIGNATES COMPRESSION

STRESS IN 1000 PSI

+ DESIGNATES TENSION

CAST DATE 3-72

LOAD CONDITION

RECORDED VALUES

-6 MAJOR STRESS MINOR " STRESS
in/in x 10 VALUE AXIS - VALUE AXIS
Stress due to a vertical Gage 56a Gage 56b Gage 56¢
load of 47,7504 total +105 +410 +160 +12.1 2.8° -0.8 92.8°
applied equally to the Gage 56Sa Gage 56Sb Gage 56Sc o
side bearers 0 +250 +150 + 7.6 168.4°  -1.2 78.4
Gage 573a Gage 575b Gage 575c o o
+205 | +320 -30 + 9.8 13.4 -2.2 103.4
Stress due to an Gage 56a Gage 56b Gage 56c¢ o o
outward longitudinal 0 ~50 0 +1.2 90 -1.2 0
load of 24,500# per Gage 56Sa Gage 56Sb Gage 56Sc o o
axle 0] -60 -30 +0.4 80.8 -1.7 170.8
' Gage 57S8a Gage 575b Gage 57Sc¢ o o
-50 . -75 0 +0.2 13.2 ~2.4 103.2
Stress due to a lateral Gage 56a Gage 56b Gage 56¢ o
load of 7,164# applied -60 0 -15 -0.6 -15.4 -2.6 105.4°
to the non-serial no. Gage 56Sa Gage 568b Gage 56Sc o ) °
side of the truck -30 +20 0 0 168.4 -1.3 78.4
Gage 57Sa Gage 57Sb Gage 57S8c o ‘ o
+15 +20 -40 +0.4 20.1 -1.5 110.1
Stress due to lateral Gage 56a Gage 56b Gage 56c¢ o o
load of 7,1644# applied +45 0 +15 ,+2.0 17.5 +0.5 107.5
to serial no. side _ Gage 56Sa Gage 56Sb Gage 56Sc o ' o
of the truck +40 ~15 -15 +1.5 67.5 -0.4 157.5
‘ Gage 57Sa Gage 57S8b Gage 57Sc o
-15 ~15 +30 +1.1 17.5° -0.4 107.5
NOTE: Angle measured counter-clockwise from Strain Gage B

T-34701-1
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STRESSCOAT AREA OF THE TOP SIDE OF THE TRUCK FRAME
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STRESSCOAT AREA OF THE BOTTOM SIDE OF THE TRUCK FRAME

T~34701~1 : _ PHOTOGRAPIH

2
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STRESSCOAT AREA OF THE REVISION TO THE TRUCK FRAME IN
THE AREA OF THE SIDE BEARER.
T-34701~1

PHOTOGRAPH

3
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STRESSCOAT INDICATIONS IN THE SIDE WALL OF
UNDER VERTICAL OVER-LOAD. ' ROSETTES 56 AND
AT THESE INDICATIONS. '
T-34701-1

THE WHEELPIECE
565 WERE PLACED

PHOTOGRAPH 4
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STRESSCOAT INDICATIONS IN THE TOP OF THE PEDESTAL OPENING
UNDER VERTICAL OVER-LOAD WITH LOOSE TIE BARS, STRAIN
GAGES 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 45, 46,

195, 208, 21s, 228, 238, 248, 255, 268, 27s, 28s, 458

AND 46S WERE PLACED AT THESE INDICATIONS.

T-34701-1 ' PHOTOGRAPH 5
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STRESSCOAT INDICATIONS IN THE AREA OF THE SIDE BEARER
UNDER VERTICAL OVER-LOAD. THIS AREA WAS GROUND TO INCREASE
THE RADIUS AND STRAIN GAGES 44 AND 44S WERE PLACED AT THESE

INDICATIONS.
T-34701-1 PHOTOGRAPH 6




STRESSCOAT INDICATIONS IN THE TOP OF THE WHEELPIECE UNDER
VERTICAL OVER-LOAD INBOARD OF THE BRAKE BRACKET., STRAIN
GAGES 39 AND 39S WERE PLACED AT THESE INDICATIONS.

T-34701-1 PHOTOGRAPH 7
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STRESSCOAT INDICATIONS IN MOTOR MOUNT BRACKET UNDER VERTICAL
MOTOR MOUNT LOAD. STRAIN GAGES 16 AND 17 WERE PLACED AT THESE
INDICATIONS.

T-34701-1 PHOTOGRAPH B8

SHLET 201
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 INDICATIONS, .

STRESSCOAT INDICATIONS IN MOTOR MOUNT BRACKET UNDER VERTICAL

MOTOR MOUNT LOAD. STRAIN GAGES 11 AND 12 WERE PLACED AT THESE

T-34701-1 PHOTOGRAPH 9




STRESSCOAT INDICATIONS IN MOTOR MOUNT BRACKET UNDITR V ERTICAT
MOTOR MOUNT LOAD, STRAIN GAGES 50 AND 51 WERE PLACHD AT THESE
INDICATIONS.,

T-34701-1 PHHOTOGRAPH 10
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STRAIN GAGES 13, 14, 52 AND 34 WERE PLACED AT THESE INDICATIO!
T-34701-1 PHOTOGRAPH 11
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VERTICAL LOAD TEST SETUP.
REACTED BY DUMMY AXLES.,
T-34701i~1

LOAD APPLIED TO DUMMY BOLSTER AND

PHOTOGRAPH 12
SHEET 205




LATERAL L.OAD APPLICATION AT THE CENTER LINE OF THE TRUCK AT

CENTER LINE OF JOURNAL HEIGHT. SEE PHOTOGRAPH 14 FOR LOAD REACTION,
NOTE AIR SPRING TO APPLY VERTICAL LOAD TO RETAIN CHEVRONS IN PLACE,
BALLBEAR%@SAREPLACEDBETWEENPMRDENEDSTEELPLATESUNDERTHE
AXLES SO THAT THE TRUCK FRAME CAN MOVE LATERALLY FREELY.

T-34701-1 PHOTOGRAPH 13
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LATERAL LOAD REACTION AT THE ENDS OF THE AXLE. SLEE PHOTOGRAPH 13
FOR L@AD APPLICATION. '
T-34701-1 _ - PHOTOGRAPH 14

SHFET 207




{ ONGITUDINAL LOAD APPLICATION AT THE CENTER LINE O AXLE, T
SAMIE SET-UP FOR VERTICAL LOAD TO RETAIN CHEVRON IN PLACE AS SHOWN
N SEE PHOTOGRAPIH 16 FOR LOAD REACTION,
4701 PHOTOGRAPLH 15

SHEET 207




LONGITUDINAL LOAD REACTION AT THE CENTER LiINLI O AXL.E. SEE

PHOTOGRAPH 15 FOR LOAD APPLICATION.
T-34701-1 PHOTOGRAPH 16

SEEET 209




VERTICAL DOWNWARD LOAD MOTOR MOUNT TEST SET-UP. BOTH MOTOR
MOUNTS WERE LOADED. REACTION TO THESE LOADS IS AT THE AXLES,

 T-34701-1 PHOTOGRAPH 17

SHEET 51n



VERTICAL UPWARD MOTOR MOUNT TEST SET-UP. ONE MOTOR MOUNT WAS
LLOADED, REACTION IS AT SIDE BEARERS AND AXLES.

T-34701-1 PHOTOGRAPH 18
SEFFT 211
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LATERAL LOAD TEST SET-UP. LOAD IS APPLIED TO BOTH MOTOR MOUNTS
AND REACTED AT THE CENTER LINE OF THE TRUCK FRAME,

T-34701-1 S PHOTOGRAPH 19




APPENDIX IIB

TRUCK BOLSTER

GSI REPORT T34702-1
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STATE OF ART CAR
BOLSTER STATIC TEST
FOUR WHEEL MOTOR TRUCK

TEST REPORT T-34702-1
AZugust 30, 1972
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8.0.A.C.
BOLSTER STATIC TEST
FOUR WHEEL MOTOR TRUCK

TEST REPORT T-34702-1 ,

 Zntxeduction:

2/
Augnst 30, 1972

This static test was conducted on S.0.A.C. bolster,

GSI 34702 serial 2 cast date 4-72, to determine the structural

adequacy of the bolster. The loading forces and‘loadiné con~

ditions were those set up on GSI's test procedure as modified

in consultation with Boeing-Vertol before the start of the

tast,

gbiect:

The object of this test was to determine‘the atréisel

in the bolster under the above agreed upon loading conditions.

gonclusjons:

The recorded stresses were satiafacﬁory.

The maximum recorded stresses foz the test under the

agreed upon loading conditions were:s

. Loading " Applied

Haximum.necorded

Condition Load ‘Stress - 1000 p,.s.i.
___1bs, Tension __Compression

Vertical Load 42,600 +16.8 =72
Lateral Load 6225 +14.1 -8+1
Normal Car Height Lo .
Lateral Load 6225 +7.5 -13,5
ghimmed Car Height '
Longitudinal 6390 +4.8 -5.7

SHEET 219




T-34702-1 -2- ' August 30, 1972
Personnel:

Present for the Stresscoat test were:

Re W. Moore GSI

G. C. Krause GSI

T. M. Herbert GSI

Present for the strain gage test were:

J. Hrinson St. Louis Car (part time)
G. C. Krause GSI 7 ) ’
Re. W. Moore asI .
T. M. Herbert GS1
pates of Test:
The fest was conducted from 6=15-72 to 6-22-72,
procedures |
A. preparation

Prior to applying strain gages, one half of the bolster
was Stresscoated (see Photographs 1 and 2) and iﬁlds g:ea£§§
than the agreed upon loading conditions were qpéliad to dq;erminn
the pointa of-maximum stress. | |
Stxeﬁicoat indications were devalogea'gﬁ-locaﬁioms given
in Tables 1 and 2, and shown on Photographs 3 thru 7 and SG 34702.
Strain gages were located on the bolster at these points

and other points to determine the general stress distribution.

. SHEET 220
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T=34702-1 . ‘ -3 - a , August 30, 1972

et e

é.' iggt;pmentatioe
V‘Strain gages 3, 4, 22, 23. and 36 thru 41 were SRr4
one-half inch gage length type A-S-SG. Roaettea 42, 43, 44,
47 and 48 were M-M rectangular rosettes type EA-06—l2$RA-120.
All other atrain gages were 83-4 one~aighth inch gage length
type FAP-12-1286. The strain gages were applied, water-preofed
and wired to terminal blocks from which cables were run to a
switching unit and read out on a strain 1ndidater. The lateral
and longitudinal loads were applied with hydraulic rams and read
out on calibrated hydraulic gages. The vertiéal load was applied
h§'£;; air springs and read out on load cells for the atrain
gage test. For the Stresscoat test the vertical load was

Lﬁi,

| applied with hydraulic rams and read out on a load cell. See
Sadewe T ' - ) )

Photographs 8 thru 1l for test setups.

C. Loading,COnditzons

The following loading conditions were applied to the

S

bolster: o
' Load for Stress Maximum Load
a Determination Applied
Loading-Condition Lbs, ‘ Lbs,

Vertical load applied on two - '
air spring seats (total)., See 42,600 _ 70,000
Photograph 8 for test setup.
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T-34702-1 _ -4 - . August 30, 1972
Load for Stress Maximum Load
Determination =  Applied

Loading Condition Lbs, ' Lbs,

Lateral load applied to two } : S
lateral stops (total) for 6,225 . - 16,800
normal car height. See :

Photograph 9 for test setup.

Lateral load applied to two
lateral stops (total) for 6,225 16,800
shimmed car height. (Test '
setup same as for above except
lateral load test rigging raised)
Longitudinal load applied to '
two bolster anchor brackets. 6,390 - 14,000
See Photographs 10 & 1l ‘for : :
test setup.
All loads for stress determination are for a car veight
. ! . . i
of 41,5004 on the air springs. ’
, ! ' '
The vertical load of 42,6004 due to the load on the side
bearing pads was applied to two communicated air springs, one on
each air spring seat, The load on thé'air springs was read out
with load cells‘placed between the air spring and a strongback,
During this test the air pressure in the bolster.was taken to
100 p.s.i. This vertical load applied to the air'spring seats
was reacted at the side bearing pads. See Photograph 8 for test

setup. -
The lateral load of 6,225# (total) is due to 15% of the

car body weight on the air springs. This lateral locad was applied
equally to the two lateral stops on one end of the bolster thru

comunicated rams and reacted at the two lateral stops on the

SHEET 222
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T=34702-1 -5 - August 30, 1972

other end of the bolater. This lateral load was applied both
at no:ﬁal car height and at shimmed car heightf HSee Photograph 9
for test setup. | | | “ ;

The longitudinal load of 6,390#_(tota1)'ls due to 15%.
. of the weight oﬁ the side bearing pads. This longitudinal load
was applied equdlly to the two bolster anchor brackets and reacted
at the central spigot. See Photographs 10 & 1l for lbad application
and reacgioq. | | |
Results of Teat:

Tables 1 and 2 contain ﬁhe recorded s;;ﬁ#ae-;

Photographs 3 thru 7 shoﬁ the Stresscoat indications.

T, m.

T. M. Herbert
Engineer of Tests

Attach.
TMH: jml
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SG 34702

TABLE I
TABLE 2

 PHOTOGRAPH
PHOTOGRAPH
PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PHOTOGRAPH

PBOTOGRAPH

PHOTOGRAPH

PEOTOGRAPH

PHOTOGRAPH

Tesgst Report T-34702-1

8~30~72

10

11

-~

LIST OF ATTACHMENTS

LOCATION AND NUMBERS OF STRAIN GAGES ON
THE TRUCK FRAME.

" RECORDED STRESSES IN THE TRUCK FRAME.

ROSETTE ANALYSIS.

STRESSCOAT AREA OF THE TOP OF THE BOLSTER.
STRESSCOAT AREA OF THE BOTTOM OF THE BOLSTER.

STRESSCOAT INDICATIONS IN THE BOTTOM OF THE
BOLSTER. ROSETTES 42, 43 AND 44 WERE LOCATED AT

_ THESE INDICATIONS.

. STRESSCOAT INDICATIONS IN THE BOTTOM OF THE

BOLSTER AT THE KING PIN OPENING. STRAIN GAGES
3 & 4 WERE LOCATED AT THESE INDICATIONS.

STRESSCOAT INDICATIONS IN LATERAL BRACKET.
ROSETTES 47 & 48 WERE LOCATED AT THESE
INDICATIONS. ALSO STRAIN GAGES 32 & 33 WERE
LOCATED AT INDICATIONS IN BACKGPROUND.

STRESSCOAT INDICATIONS IN LATERAL BRACKET.
STRAIN GAGES 12 & 19 WERE LOCATED AT THESE

- INDICATIONS.

STRESSCOAT INDICATIONS IN THE TOF OF THE BOLSTER
OUTBOARD OF THE LATERAL BRACKET., STRAIN GAGES 5,
6, 7 AND 29 WERE LOCATED AT THESE INDICATIONS.

TEST SETUP FOR VERTICAL LOAD APPLIED BY AIR
SPRINGS. NOTE LOAD CELLS FOR MONITORING THE
LOAD AND REACTIONS AT SIDE BEARERS.

- TEST SETUP FOR APPLYING AND REACTING LATERAL LOAD.

TEST SETUP FOR APPLYING LONGITUDINAL LOAD. LOAD
APPLIED TO OTHER BOLSTER ANCHOR WITH A COMMUNICATED
RAM., SEE PHOTOGRAPH 11 FOR REACTION POINT.

REACTION FOR LONGITUDINAL LOAD AT BOLSTER SPIGOT.
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TABLE I

S.0.A.C. BOLSTER PATTERN NO. 34702 SER. NO. 2 CAST DATE 4-72

RECORDED STRESSES UNDER DESIGN LOADING CONDITIONS
STRESS IN 1000 PSI + DESIGNATES TENSION - DESIGNATES COMPRESSION

Vertical Load Lateral Load of Lateral Load Longitudinal
of 42,600# 62254 Total load of 6225# Load of 6390#%
Total load applied to bolster Total load Total load
applied by two gtops on one end applied to applied to
air springs of bolster at bolster stops bolster
normal car height on one end of anchor
Gage bolster at brackets
No. shimmed car ht.
kL + 9.9 - +0,6 . +1.6 -1.5
4* +14.4 : +2,0 +2.4 : +2,.7
S +16.8 0 0 +4.8
6 + 5.0 0 ~0.6 +4.8
7™ +14.6 0 0 -5.1
12+ + 2.1 +5.0 +7.5 0
19* + 2.4 +4,5 oL, +7.5 0
22 + 5.4 +1.4 +2.0 +1.2
23 + 5.1 +1.4 +1.8 -0.9
29% +17.1 +0,6 i . =0.6 =5.7
.30* 42,1 +3.0 : +4.5 0
31* +2.1 ' +3.3 : +4.8 0
32+ +1.8 -8.1 : ~-13.5 o
33+ +0,9 : -6.3 ‘ -10,5 0
36 ~5.7 - 0 0 0
37 -4,2 0 o 0
38 -6.9 0 0 0
39 =72 0 0 0
40 +6.0 . +0.9 +0.9 +2,.1
41 +5.4 +0.6 +0.9 =1.5
45 +2.4 . 0 0o -3,0
46 0 0 0 -4,2
Roseatte o X
42% +15.0 0 o -1.1
43 +15.2 o o -1.3
44+ +15.8 0 o +1.4
47+ 0- ' +14.1 +7.3 N.R.
48* 0 , +12.9 +5.3 N.R.

* Stresscoat indications at these gage locations.

T-34702-1 ' : TABLE I

August 30, 1972 SHEET 227
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IABLE 2

S$.0.A.C. BOLSTER PATTERN NO. 34702 SERIAL NO. 2 CAST DATE 4-72
EVALUATION OF ROSETTES UNDER DESIGN LOADING CONDITIONS

VALUE

AXIS

STRESS IN .1000 pPSI

+ DESIGNATES TENSION
-~ DES

VALUE

ES C

1

AX1S

LOAD CONDITION

Stress due to a vartical
load of 42,600# total on
the air springs

Stress due to a longi-
tudinal load of 6390#

total applied equally

to each bolster anchor
bracket

Stress Que to a lateral
load of 6225#/Bolster
at normal car height
applied equally to
each bracket

Stress due to a lateral

load of 6225#/bolster at

shimmed car height

applied equally to each

bracket

Note:

Gage 42a Gage 42b Gage 42c
+330 +390 +260

Gage 43a Gage 43b Gage 43c
+330 +410  +220

Gage 44a Gage 44b Gage 44c
+380 +400  +230

Gage 42a Gage 42b Gage 42c

=40 -15 +20

Gage 43a Gage 43b Gage 43¢
-40 -15 0

Gage 44a Gage 44b Gage 44c
=25 =15 +45

Gage 47a Gage 47b Gage 4ic
+350 +350 +170

Gage 48a Gage 48b Gage 4B8¢
+100 +290 +350

Gage 47a Gage 47b Gage 47c
- +230 : '

. Gage 48a'gggg 48b Gage 48c

+110 -30

-60 (] . +170

+15.0
+15.2

+15.8

+ 0.3
bt 0¢4

+ 1.4
+14.1

+12.9

+ 7.3

+ 5.3

All stress axis measured counter clockwise from Gage A.
Stresscoat indications at all of these Rosette locations.

169.9°

168.9°

 160.9°

49.7°
'38.0°

62.8°

22.5°

76.2°

2.2°

_ .
102.8

+10.3

+ 8.4

+10.3

- 1.1
- 113

- 006

+ 8.2

+ 6.4

112.5

79.9°

78.9°

o
70.9

139.7°
128.0°

152.8°

166.2°

92,2

12.8°

e
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STRESSCOAT AREA OF THE TOP OF THE BOLSTER
T-34702-1 PHOTOGRAPH 1
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STRESSCOAT AREA OF THE BOTTOM OF THE BOLSTER.
T-34702-1

PHOTOGRAPH 2
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STRESSCOAT INDICATIONS IN THE BOTTOM OF THE BOLSTER.
ROSETTES 42, 43 AND 44 WERE LOCATED AT THESE INDICATIONS.
T-34702~1 PHOTOGRAPH 3
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STRESSCOAT INDICATIONS IN THE BOTTOM OF THE BOLSTER AT THE
KING PIN OPENING. STRAIN GAGES 3 & 4 WERE LOCATED AT THESE

INDICATIONS. . :
T-34702-1 PHOTOGRAPH 4




ROSETTES 47 AND 48
ALSO STRAIN GAGES 32 AND 33

WERE LOCATED AT INDICATIONS IN BACKGROUND.
T=-34702-1

STRESSCOAT INDICATIONS IN ILATERAL BRACKET,
WERE LOCATED AT THESE INDICATIONS.

PHOTOGRAPH 5
SHEET 233
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STRESSCOAT INDICATIONS IN LATERAT BRACKET,
AND 19 WERE LOCATED AT THESE INDICATIONS.

T-34702-1 .

STRAIN GAGES 12

PHOTOGRAPH 6..




STRESSCOAT INDICATIONS IN THE TOP OF THE EOLSTER OUTBOARD OF
THE LATERAL BRACKET. STRAIN GAGES 5, 6, 7 AND 29 WERE LOCATED
AT THESE INDICATIONS,

T-34702~-1 PHOTOGRAPH 7
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TEST SETUP FOR VERTICAL LOAD APPLIED BY AIR SPRINGS. NOTE
LOAD CELLS FOR MONITQBING THE LOAD AND REACTIONS AT SIDE

BEARERS. :
T-34702-1 PHOTOGRAPH 8
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TEST SETUP FOR APPLYING LONGITUDINAL LOAD, LOAD APPLIED TO
OTHER BOLSTER ANCHOR WITH A COMMUNICATED RAM. SEE PHOTOGRAPH
11 FOR REACTION POINT.

T-34702-1 | PHOTOGRAPH 10
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APPENDIX ITII

WINDSHIELD TESTS
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INTRODUCTION

This document has been prepared to fulfill the requirements of the
Qualification Test Procedure QTP-002 and Rohr Technical Specification
S 82125, Paragraph 3.3.5, Windshield Tests.

This document describes those tests required to demonstrate design
feasibility and to qualify transparencies manufactured to this
design.

SUMMARY

All of the required tests were performed in accordance with the
Qualification Test Procedure (QTP-0(G2) at the Western Avenue
Facility of Swedlow, Inc. and were witnessed by the Swedlow, Inc.
Quality Control Department, with one exception. The Horizontal
Impact Test was performed at Wyle Laboratires, Norco Facility.
This test was witnessed by Swedlow, Rohr, PBTB, and Wyle
representatives, No fallures occurred as the result of testing.
Photographs were taken of each test showing the setup and the
test specimens after testing. These photographs are presented
in Section 9.0 of this report.

VERTICAL IMPACT TEST

Place and Date of Test

The vertical impact test was performed on July 21, 1970 at the
Western Avenue Facility of Swedlow, Inc. in the Reinforced Plastics
Building.

Test Witnesses

The test was witnessed by J. G, Stansbury and R, Nitta of the
Quality Control Department and by D. Holdridge, N. G. Nixon,
M. Munoz and A. Domaszewicz from the Engineering Department of
Swedlow, Inc.

Facilities and Equipment Used

A 20-ft. high drop tower, a 12" x 12" x 2 X 4 wooden frame, a
wall thermometer, a calibrated gram scale, a 20-ft. scale,
and a drop bag per USAS Z26.1 - 1966, were used during this test.

Test Specimens

Test specimen numbers 3, 7, 8, 9 and 10 per Figure 1 of QTP-002
were used for this test.

Equipment Calibration

An 0-4500 gram scale built by Pennsylvania Scale Co. was used to
weligh the drop bag. This scale was serviced on May 6, 1970 by
Western Scale Service and calibrated on July 9, 197C by the
Swedlow Quality Control Department.
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Test Method

The panels were stabilized at 76°F prior to testing. The drop bag
was filled with lead shot on a gram scale until the bag, shot,
drawstring, and binding cord weighed 11.0 pounds. The bag was

then suspended by a cord from the drop tower in order to align the
wooden holding fixture, The drop bag was then raised to the

16-ft. mark on the tower and released onto panel number 5, The
test was repeated on panel number 5. The panel showed no signs of
damage and was photographed. Panels number 2, 7, 8 and 10 were
then tested per the test procedure., The maximum temperature during
testing was 82°F.

Results

No glass or acrylic fractures occurred in any of the panels tested.
Panels number 7, 8 and 10 delaminated upon impact, but the panels
remained completely intact. Photographs are presented in Section
9.0 showing the test facility and each of the test panels
immediately after impact.

HORIZONTAL IMPACT TEST

Place and Date of Test

The horizontal impact test was performed at the Norao Test Facility
of Wyle Laboratories on August 13, 1970.

Test Witnesses

The test was witnessed by Messrs. Holdridge and Tomko from Swedlow,
Inc., Messrs. Hancock and Mann from Rohr Corporation, Messrs. Baeck
and Weigle from PBTB, and Messrs. Alterman and Heeseman froum Wyle
Laboratories.

Facilities and Equipment Used

A 48-ft. centrifuge, a standard clock, 1.1 1b. + .1 1b, and 5.1 + .1 1b.
balls, a yardstitk, a frame to support the window and a Fastax high
speed camera (1000 frames/sec. with 60-cycle timing mark) were used
during the tests,

Test Specimens

Two full-size laminated panels (SWU No.'s 103 and 104) were tested.

Equipment Calibration

Both of the balls were weighed on a 0 — 4500 gram scale built by
Pennsylvania Scale Co., calibrated on July 9, 1970. The centrifuge
speed was calibrated using a magnetic pickup, a digital counter,
and a Standard clock. A pool ball and a paper target were used
during calibration shots to align the frame for mid-panel impact.
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Test Method

The aluminum balls simulating stones were weighed prior to testing.
Windshield Number SWU 103 was clamped in the steel frame (Figure 3

of Test Procedure). A 1.1 + .1 1b. ball (1.1067 1bs) was fired at
the windshield at 80 + 3 mph (63.3 rpm @ 212.2 inch radius)., The
ball was released from the centrifuge by severing the attachment

cord with a blasting cap. Impact occurred two inches to the right

of center and one inch below center. The second windshield (No.

SWU 104) was installed in the frame and a 5.1 + .1 (5.0794) pound
ball was fired at 50 + 3 mph (39.4 rpm at 213.1 inch radius). Impact
occurred one-half inch to the left of center and on center vertically.
High-speed photographs were taken of both impacts.

Results

There were no fractures or ejected spalling of the acrylic structural
ply. After impact, vision through the windshield was not impaired.
The Wyle Certified Data Sheet Report and photographs taken during
testing are presented in Section 9.0,

LIMIT LOAD PRESSURE TEST

Place and Date of Test

The limit load pressure test was performed at the Western Avenue
Facllity of Swedlow, Inc., iIn the Reinforced Plastics Building on
July 22, 1970.

Test Witness

This test was witnessed by R. Nitta of the Quality Control Department,
and D, Holdridge, A. Tomko, N. G, Nixon, M., Munoz and A. Domaszewlcz
of the Engineering Department.

Facilities and Equipment

A thirty-inch water manometer, three dial micrometers, a pressurized
gas bottle, a 0 - 60 psi pressure regulator, and the pressure test
fixture (Figure 4 of Test Procedure) were used during this test.

Test Specimen

A full-size panel assembly (SWU 10l) was used as the test specimen.

Test Method

The test specimen was installed in the test fixture and all the joints
sealed. The regulator was then checked to determine the sensitivity
of adjustment in controlling the required pressure.
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The dial micrometers were then placed along the narrow span of the
window at the center, at 1/4 span, and at 3/4 span. The micro-
meters were all adjusted to read zero deflection with the hands
pointing up. The system was pressurized to check out the system.
After the system had come back to equilibrium, the first pressure.
test was performed.

The outer micrometers were then moved to within 1/2-inch of the

edge of the frame. A second pressure test was performed. The
pressure deflection data is tabulated in Section 5.6 and photographs
of the second pressure test are presented in Section 9.0.
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5.6 Data Tabulation - Pressure Deflection
TEST NUMBER | TIME "PRESSURE DEFLECTION
(min) (inch.Hy0) (inches)
1/4 1/2 3/4
EDGE | SPAN SPAN SPAN EDGE
Checkout 0 0 0 0 0
3.0 10.1 .126 .145 .116
6.0 0 .006 .007 .005
First Test 0 0 .002 .003 .001
| 3.0 10.1 .128 .158 .121
7.0 10.1 .130 .160 121
10.0 10.1 +130 .160 .121
13.0 0 .005 | .005 | .004
Second Test 0 0 .001 .002 .001
3.0 10.1 | .015 .157 .008
10.0 10.1 .015 .158- .0085
16.0 0 .001 | . 001 .000
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Results

There were no fractures, delaminations, or permanent deformations

of the test specimen as a result of the pressure test. The mid-
panel deflection at 10.1 inches of water (52.53 psf) was 0.160 inches,
which 18 well below the 0.257 inch deflection that would constitute

a failure,

LIGHT TRANSMISSION AND REFLECTANCE TESTS

Place and Site of Test

The light transmission tests were performed at the Western Avenue
Facllity of Swedlow, Inc., 1n the Test Laboratory on July 16, 1970.

The reflectance tests were performed at Perkin-Elmer Corporation,
Costa Mesa, California on October 2, 1970,

Test Witnesses

The light transmission test was witnessed by M. Bullinger and
R. Nitta of the Quality Control Department and by D. Holdridge of
the Engineering Department of Swedlow, Inc.

The reflectance test was witnessed by Dr. R, Bell, Supervisor of
the Swedlow Thin Films Department and by Joe Kelsh of Perkin-Elmer
Corporation.

Facllities and Equipment Used

A Gardner Large Sample Hazometer Model HG1230, Serial No. 102, a
Bausch and Lomb Spectronic 505 Spectrophotometer, and a Perkin-
Elmer Spectrophotometer were used,

Test Specimens

Test specimen numbers 1, 2 and 3 per Figure 5 of QTP-002 were tested.

Test Method

The test specimens were cleaned before testing. The zero and full-
scale readings of the test equipment were adjusted. The mid-panel
reflectance and light transmission were then recorded,

Results

The light transmission and haze data for specimens numbered 1 thru 11
are listed in Section 6.8. The reflectance test data is presented

in Section 6.7 of this report. The mean IR transmission between .7
and 2.5 microns is determined from the equation

A=2.5
f‘\ IA:R dx

IX 25').54,\
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where Ipg 18 the percent intensity of the sunlight reaching the
earth on a clear day at wave lengths between .7 and 2.5 microms.
T) 1s the percent light transmission of the sample in the same
wave length range. The mean transmission is 25.9Z.

Light transmission values are marginal based on 70 percent. A

request has been made to change the minimum light transmission
requirement to 65 percent,
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6.8 Light Trangmission and Haze Data

Specimen
No. Light Transmission Haze
1 68.3 1.3
2 71.8 1.0
3 70.6 1.7
4 69.2 1.1
5 70.3 2.6
6 66.2 1.3
7 70.9 1.1
8 69.2 1.1
9 69.6 1.8
10 66.1 1.0
11 69.0 1.4
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DEVIATION AND DISTORTION TEST

Place and Date of Test

Both the deviation and distortion tests were performed at the
Western Avenue Facility of Swedlow, Inc. The deviation test was
performed on July 23, 1970 and the distortion test was performed
on August 12, 1970,

Test Witnesses

The tests were witnessed by R, Nitta from the Swedlow Quality
Control Department and by D. Holdridge and B. Sarno from the
Engineering Department.

Facllities and Equipment Used

An illuminated box and a lantern slide projector per USAS Z26.,1 -
1966 were used during this test,

Test Specimens

Test specimens one through five and seven through twelve were used
for this test.

Test Method - Deviation Test

The light box was placed against a grid board in the inspection
area. All of the test specimens were viewed normal to the line of
vigion for deviation of the light source.

Test Method — Distortion Test

A clean white piece of paper was placed against the screen in the
distortion test area. The projector was located 25 feet from the
screen. With the projector on, the test specimens were cleaned and
checked for distortion patterns on the screen by slowly moving the
specimens away from the screen. The samples were checked over a
distance of zero to five feet from the screen.

Results

There was no shift in the secondary image outside of a 1-1/2 inch
diameter circle on the illuminated box in the deviation test. No
light and dark patches appeared on any of the test samples after the
outside surfaces were cleaned. Photgraphs showing the test setup,
secondary image and projected impages are presented in Section 9.0,

CONCLUSIONS

All of the tests were performed in accordance with the Qualification
Test Procedure (QTP-002). No faillures occurred as the result of
testing. The feasibility of the BART windshield design has been
demonstrated. Upon approval, all windshields manufactured €o this
design will be considered qualified.
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VERTICAL DROP
TEST

1.0 LB BAG

6 FT DROP

o ‘.,q—«m )

B

[~ TEST FACILITY
| VERTICAL DROP TEST
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| PANEL No. 3
VHRTICAL DROP TEST
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\ CPANEL NO. 7
VERTICAL DROP TEST
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ANEL NO. 9
VERTICAL DROP TEST
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SOOPE:

Deta contained herein deals with the tachnical aspects required
for design, performance and tests for seat asssmblies for the
“STATE OF THE ART" vehicla.

The general design of the seat and its structure is based on
requirements dafined to obtain seating of good quality with
superior product and functional wvalues.

Product values are thoss canatruction features which insure
strength, durability and satisfactory performance. These valuss

are determined by means of strength analysis and relevant mechanical
toats.

Functional values are the features which offer the passenger a
maximum of postural comfort with seating unit requiring a minimum
of repair and maintenance,

TECHNICAL DATA:

In supplement to the detailed drawings and seat prototypes, the
contents has documents dealing with loading conditions, strain and
deflections recordsd in actual tests of representative seats,

The tests were conducted on equipment designsd to determine the
integrity of ths seat assembly under various simulated conditions,

In addition to the specification prescribed for static load tests,
this report contains supplemental static and performarcs tests
applied as AmSeCo seat dssign criteria.
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III.

SUMMARY ESTIMATED SEAT WEIGHTS

Quantity © Weight
THREE PASSENGER
LONGITUDINAL SEAT 16 78,04
POUR PASSENGER
TRANSVERSE SEAT 6 | 110.8#
MOTORMANS SEAT 1 . 36.5¢

Total in Pounds

1262.4

664.8

36.5

TOTAL 19" 63.7 Pounds
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THREE PASSENGER LONGITUDINAL SEAT
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STATIC IOAD TEST DATA

TEST I SEAT ASSEMBLY - DOWNWARD VERTICAL STATIC LOAD.

TEST EQUIPMENT:

The seat assembly mounted on two anglo uprighta was placed
on a Toledo scale,

A special motorized load device applied the vertical-downward
load in the middle of the center mitting ms ahown

L

- Y v 3

o -
—
il
el

1 \ ; A 1
Wt3 v Wit
Y .

2
[l u

LOAD DEFLECTION (INCHES) , PERMANENT SET (INCHES)

'} #2 #3 71 #e #3
100 1/32 1716  1/32 - - -
200 1/16 /6L, 1/16 - - -
300 3/32 . 5/32 3/32 . - - -
Loo 1/8 1/32 1/8 - - -
500 5/32 9/32 5/32 » - - -
600 3/16 3/8 3/16 o /6,4 o
700 7/32 7/16 7/32 0 /64 ©
800 17/6L4 1/2 17/6L 0 /84 0O

_ TEST RESULTS: After removal of load yinspoctim found no failures;or
. permanant deformation other than shown above.
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STATLIC LOAD TEST DATA

TEST 11 SEAT ASSEMBLY-DOWNWARD VERTICAL FIXED PLUS VARIABLE STATIC LOAD.

Fixed Load of LOO# (200# in sach ocutboard aitting) along with
variable load.

TEST EQUIPMENT:

The seat assembly mounted on two angle uprights was placed on a
Toledo scale. Fixed loads of 200# sach were placed in the center
of both outboard sitting position. A varying load of 800# was
applied by means of a special motorized loading devica.

A

2oo% | l 2o00#* l
| L
| Vy '3 . Vy| 2 Yy | 1
E E
10 * DEFLECTION (INCHES) PERMANENT SET (INGIES)
ey R R T o 7 7
200404200  3/32  1/8 3/32 - - -
200+4800+200 11/32  19/32 11732 - - -
20040+200  3/32  1/8 3/32 - - -
0+0+0 - - - 0 0 0

TEST RESULTS:  After removal of loads no permanent set or deformation was
found.
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TEST A.

/

PERFORMANCE TEST

VERTICAL DROP IMPACT TEST -

TEST EQUIPMENT:

The seat mssembly mounted on two angle uprights simulating
actual car attachment, was subjected to a vertical drop impact
test with a LO 1lb. weight on the middle sitting. The weight
impacted the fiberzlass seat 1,000 times from heights of 6", B"
10" & 12", ‘

( Y t---{ 7 )

qo0¥

TEST RESULTS: Inspection durihg and after completion of test
revealed no failures or deformation.
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FOUR PASSENGER TRANSVERSE SEAT
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_STATIC LOAD TEST.

Test 1II SEAT ASSEMBLY - VARTABLE VERTICAL STATIC LOAD

TEST EQUIPMFNT: The seat assembly, mounted on a test fixture was
placed on a toledo scale.

A special motorized load device applied a vartical—domard load
at center' of aisle satting.

Hy 3

.
ﬂ;_—-j.l\ 4 r‘a
[ wer

EIATURE ' J
LOAD (LBS,) DEFLECTION (INCHES) ! PERMANENT SET (INCHES
T 2 3 L S I 2 3 Iy
100 1/32 1/32 1/32 © - - - - - -
200 1/16 116 116 © - - - - - -
300 3/32 5/64 1716 © - - - - - -
400 5/32 1/64 3/32 1/64 - - - - - -
500 3/16 5/32 1/8 1/32 1/16 - - - - -
600 15/6L4 3/16 5/32 1/32 3/32 © 1/64 © 0 0
700 9/32 15/64 3/16 3/6L4 5/64 © /6L © 010 1/64
800 5/16  9/32 3/16 1/16 3/32 1/6L 1/64 © 010 1/6L
900 3/8 5/16 7/32 116 1/8 1/64 1/64 O 1/6Lk 1/64
Removed 2 & loosened 1/8" 2 stanchiocn overhead mounting bolts:
LOAD (LBS.) DEFLECTION (INCHES) PERMANENT SET (INCGHES)
T 2 3 u 5 YT 2 3 N 5

- 100 1716 1/32 1/32 © - - - - - -
200 /8 1/32 1/32 © - - - - - -
300 316 3/32 3/32 0 - - - = -
koo 15/64 1/8  7/64 o© /6y - - - - -
500 9/32 3116 9/64 1/64 3/64 - - - - -
600 5/16 7/32 5/32 1/32 1/16 1/32 © 0 o) 0

Point 5. is the stanchion bow measured with a 3 foot rule 18 inches from top
seat back,.

TEST RESULTS:t After removal of load inspection found no failures;or defomat.ion
other than noted above.
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STATIC IOAD TEST

TEST IV SEAT ASSEMBLY - FIXED PLUS VARTABLE VERTICAL STATIC LOAD

TEST EQUIPMENT:

The seat assembly, mounted on a test fixture was placed on a
Toledo scale. A fixed load of L15# was placed in aisle sitting
of ona side, .

A specisl motorized load device applied a vartical—domard
load at center of opposite alsle sit.t.i.ng.

|

| TEST | F/XTURE ]
LOAD LBS. DEFLECTION (INCHES) PERMANENT SET (INCHES)
I 5 3 & 5 1 2 3§
o+415 -3/32 -1/8 116 /6L © - - - -
L5+05 32 o /32 o - - - - - -
515+415 9/6k 3/84 W16 /64 - O 1/64 O /64 -

TEST RESULTSt After removal of load inspection revealed no failures;or
deformation other than noted above.
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STATIC LOAD TEST

TEST Vv SEAT ASSEMBLY - VARTABLE HORIZONTAL STATIC LOAD.

TEST EQUIPMENT:

The seat assembly mounted in the test fixture was subjected
to a horizontal load applied to the stanchion.

A Martin-Decker (Dynamometer) and Readout Scale {0-6000#)
was used to record the loading.

|
T

TEST FIATURE

10AD LBS, DEFLECTION ( INCHES) PERMANENT SET (INCHES)
= 7z 3 1 5 T— 3% 3 o 5
100 3/6Lh 1/32 S5/6h 3/6k - - - - - -
200 3/32 1216 316 332 - - - - - -
300 /8 3/32 9/32 /32 1% - - - - -
00 3/16 1/8  7/36 15/6L -3/6 1/6L .010 1/32 1/6h O
500 /32 5/32 19/32 13/32 -1/16 3/6L .010 1/32 1/32 O

Load applied with loosensd stanchiom

LOAD LBS, DEFLECTION (INCHES) _ PERMANENT SET (INCHES)

' 1 2 3 T 5 I 2 3 L g
100 3/6L 1/32 3/32 N6 -~ - - - - -
200 3/32 /16 7/32 11/6L4 — - - - - .
300 s/32 1/64 1/32 1/ - - - - - - -
oo 13/6L 9/64 /2 11/32-3/32 0 0 /6L 1/32 ©

TEST RESULTS:  After removal of load inspection revealed no fallures;or
other deformation,
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PERFORMANCE TESTS

TEST B. SWINGING IMPACT TO BACK TEST

TEST EQUIPMENT:

The seat frame assembly mounted on a test fixture, simulating
actual car attachment, was subjected to a horizontal swinging
impact test with a 4O 1b. weight., The weight impacted the
fiberglass aisle back 10,000 times with strokes of 6", 8", 1on
and 12" each,

|  TEST F/¥TURE ’ ]‘

TEST RESULTS: Inspection during and after completion of taat
revealed no fajlures or deformation.
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PERFOHMANCE TESTS

TEST C. VERTICAL DROP TMPACT TO SGBAT TEST

TEST EQUY PMENT:

The seat assembly mounted on the test fixture simulating

actual car attachment, was subjected to a vertical drop impact
test with a 4O 1b. weight on the aisle sitting. The weight
impacted the fiberglass seat 1,000 times from heights of 6", 8",
10" and 12". S

{
}

TEST RESULTS: Inspection during and after completion of
test revealed no fallures or deformation.
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DISCUSSION OF RESULTS

The seat as proposed by the American Seating Company has
undergone thorough testing by the AmSeCo Testing Laboratory.
The results were very favorable and are listed herein as a
matter of record.

Static tests have been supplemented by AmSeCo design test.
In these tests, the load was applied incremently as shown
and then removed at each load to measure permanent set.

The static tests determine strength, deflection and any
deformation of a representative unit, The loading es-
tablished by AmSelo requirements simulate possible shock
condition induced by decelerative impact or rough usage

in the car. ‘'Static tests determine strength and deflection
whereas the performance test designed by imSeCo determine
approximate functional effectiveness and approximate life
of the seat,

Impact test generate loads induced in drop or swinging
fashion reveal possible weakness in component members,
welds, failure due to deflection, torsion or fatigue.

It is, therefore, concluded that the seat structure
and attachment system will retain structural integrity
under typical loadings imposed by normal use conditions.
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APPENDIX V

MATERIALS — FIRE RESISTANCE
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AMERICAN

« SEATING B

g3 Assistant Manager of Quality Assurance ﬂ E C E l V E D
N Mail Drop P-4102 ' |
5 7 Boeing~-Vertol Company
P.0O, Box 16858 5@73
Philadelphia, Pennsylvania 19142 SEPZ
Reference: State of the Art Cars .
G.R. Order No. 373358 (Low Density) b
373359 (High Density) e ST
Dear Mr. Seary:
This is to confirwm Jack R. Enoblauch and my telephone conversation with
you earlier today.
The woven fabric was used in the low deneity car only and was Craftex
Ne. K~16924N.
This fabric was ordered from the mills with specifications calling for
compliance with FVMSS-~302.
Enclosed is one-half yard of this same fabric im X~53575 Magenta Red.
Alsc enclosed is a copy of the 302 Test we ran today on this same fabric.
You can readily see that it more than meets all the 302 requirements.
At your request we are also enclosing a copy of FVMSS-302 which became
effective September 1, 1972,
I believe the confusion centers around the fabric number you gave me.as
Craftex 140, We have no knowledge of any Craftex number like this and it
does not relate to any Craftex fabric coding that we have ever geen at
American Seating Company.
We are convinced that the SOAC order was furnished with Craftex K-16924N
(in both the blue and red colors) and that it meets No. 302.
After you have had a chance to review this and there still may be any
questions, please get imn touch with me.
Very truly yours,
5/ %f.’é(/,wéww\
L. M. Wickman
Manager of Special Products
Transportation Producta Division
mg
MANUFE AT r«uwl;wEﬁrcllbrgwféfsrnl? THF EDUCATION, AMUSEMENT, HEALTH CARE, TRANSPORTATION AND OTHER INSTITUTIONAL MARKETS

AMERICAN SEATING COMPANY ® 501l BROADWAY AVENUE, N.W. * GRAND RAPIDS, MICHIGAN 219504

May 18, 1973

Mr. Williall We Seary
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QCR 73-56 : o R . . Attackmenz

TEST RWSULTS - ] Paye One
FLAMS TEST (1)
AFTER- ¢ RPTER- -
FLAME GlL.ow CHAR
MATSRIAL IDENTIFICATION SEEC TZHE TIME LERGTH

LAB 1OG NO, © SPECIMEN O, jorel- - {SECS,) {INCHES) REMMNRKS

73B2312 Seats — Shell 1 334 0 0.1 Self-Extinguishing

73B2312 Seats - Shell 2 22D 0 0.1 Self-Extinguishing

7382313 Seats - Cushion 1 B 0 5.0 Self-Extinguishirg
. 73B2313 Seats - Cushion 2 € (v} 4.5 Self-Extinguishing

7382315 Seats ~ Inmont Vinyl 1l 7 0 4.5 Self-Extinguishing

73B2315 Seats - Inmont Vinyl 2 6 0 4.3 Self-Extinguishing

73182424 Flooring-Met-L-Wood Fire Ratard. 1 0 0 o] Did not ignite

7382425 Flooring-Met-L-Wood Plain 1 0. 0 0 pid not ignite

7382426 Flooring-Vinyl Leaded Sheathing 1 86 79 ‘9.0 (2) . Total Combustion

7382426 Flooring-vinyl Leaded Sheathing 2 85 76 9.0 (2) ) Total Combustion

7382427 Flooring-underpad 1 5 0 0.5 Self-Extinguishing

7382427 Flooring-Underpad 2 k] 0 0.4 Self-Extinguishing

732228 Flooring-Carpeting 1 38 0 0.25 Self-Extinguishing

7382428 Flooring-Carpeting 2 3s 0 0.2 self-Extinguishing

7382429 Ceiling-Fornica, B/V-A 1 0 o 0 pid not ignite

73R2430 Ceiling-Formica, BA/-B 1 0 0 0 pid not ignite

73p2431 : Ceiling-Formica, B/V-C 1 0 0 0 Did not ignite

73p2432 ceiling-Formica, B/A-D 1 0 0 0 Did not ignite

7382434 Window Glass 1 0 0 0 'Did not ignite

0 0 Did not ignite

7382435 Insulation-Ultralite 1 - 0

07t &3aHS
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QCR 73-56

MATERTAL IDENTIFICATION
IAB LOG NO, SPECIMEN

13B2436 Side Signs - Mylar
7382436 S5ide Signa - Mylar
73B2437 Elastomeric Window Glazing Rubber
7382438 Zlastomeric Door Weather Seal/Door
' Sensitive Edge
73B2419 Lights - Interior Lenses
7382440 Electrical Wiring - Rypalon
73B2441 Car Ends-Molded Reinforced. Fiberglass
73B2441

Foot Hotala_
(1} Fed. Tast Method Std. No. 191, Method 5903.2

(2) Total Lergth of Specimen"

car Ends-Molded Reinforced Fiberglass

TEST RESULTS
FLAME TEST (1)
AFTER-  APTER-
FLAME GLOW CHAR
seoo TIME TIME LENGTY
NO. {secs.)  {sEcs,}  (INCHES)
1 29 0 6.5 (2)
2 28 0 6.5 (2)
1 408 0 10.5 (2}
1 180 1600 3.0
1 0 0 0
1 0 0 0
1 44 0 0.25
2 40 o 0.25
.
5 .

Attachzent 1
Page Twc¢

REMARKES

Total Combustion
Total cCombustion

Total Combustion
After-Glow Time
Greater than 26 mins.
Did not ignite

pid not ignite

Self-Extinguishing
Self-Extinguishing
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