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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 Dl74-10007-l 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 
Volume III -
Volume IV 
Volume V 

Subsystem Functional Testing 
Acceptance Testing 
Simulated Demonstrat1on Test 
Post Repair Testing 
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2. TEST PROCEDURES AND RESULTS 

2.1 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. 

2.2 Truck Frame and Bolster 

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

2.3 Windshield 

Qualification testing of the SOAC windshield was not 
conducted since the basic desi.gn 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, Febrnry 
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 lb. Stone at 80 mph or 
5 lbs. at 50 mph. 

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

The BART windshield was tested by 
Laboratories in July/August 1970. 
No. ETR-010, December 17, 1970 is 
III. 

Swedlow and Wyle 
Swedlow Test Report 

included as Appendix 
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2.4 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. 

2.5 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 

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

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

c. 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 AUXILIARY 
POWER EQUIPMENT TESTS 

SHEET 11 



SHEET 12 



AIRESEARCH MANUFACTURll'!G COMPANY 
Torrance, California 

COMPONENT AND SYSTEM 
DEVELOPMENT TESTS 

·FOR.. 
PROPULSION: DYNAMIC BlAKING AND 

AUXILIARY P<MER EQUIPMEtfT 

(SOAC) 

,,. 

Number of pages _/_~_8 _____ _ Prepared by __ W_. _C....;.u_r_ra_n ____ _ 

Original date 6/14/7"'- Edited by 

Approved DY----------

Revis i 0,1 Date Pages Affected (Revised, Added, Eliminated) i ..... 

SHEET 13 

· I 
I 
f 
i 
t 
I 
I 

t 
f 
' ' 

~- J 



SHEET 14 



Table of Contents 

P.:igc No. 

PREFACE. . . 
a. TRP.CTION MOTORS -· 2 

b. It.PUT REACT OP.. 30 

c. S~OOTHING REACTOR, 32 

d. DC-DC CHOPPER, 36 

e. RESISTOR . . 57 

f. BLOWER COOLING 58 

9• HOSTLlNG CONTROL . 63 . 
h. TRUCK CONNECTOR 64 

i. KNIFE SWITCH . 65 

j . SPEED INDICATOR ' . 66 

k. JET PUMP. . . . . . 67 

l • POWER CONTROL UNIT 68 

m. GEAR BOX AND COUPLING 70 

n. "P" SIGNAL GENERATOR • 85 

o. FILTERS AND DUCTS . 86 

p. MASTER CONTROLLER. 87 

q. PROPULSION CONTROL . . 88 
r. AUXILIARY POWER CONTROL . 90 
s. SYSTEM TESTING . . .. 93 

t. MOTOR ALTERNATOR ' 135 . . 

II 

SHEET 15 



SHEE".T' 16 



STATE OF THE ART CAR 

Component and System Development Tests 

The test data, graphs and other information included 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 equivalent 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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REV LTR A' 

• 
PROPULSION J\ND .DYNAMIC BRAKING, AND AUXILIARY POWER SYSTEMS 

a. TRACTION' MOTORS (P/N 200732-1) 

Production Testing 

Each traction motor is subjected to the folla~ing produc
tion acceptance tests: 

1. Res:i.stance of windings and polarity checks 
2. Seating of brush faces 
3. No load tests . 
4. Over.speed 
5. Dielectric 
6. Comrmtation tests (selected) 
7. Black band tests (1st 2 units only) 
8. Inspect all critical dimensions 

Development Testing 

T"wo traction motors will be utilized to perform the follow
ing development testing: 

(1) 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. 

(2) Efficiency 
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TRACTION MOTORS (Contd.) 

Purpose 

Determine the overall motor efficiency 

Configuration 

REV LTR A. 

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 connected 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) ~lement. 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: 

7!m = 
2(E. X ) - E, I 1 . 

input arm input inc x 100 
2 Einput Iarm 

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: 

X 100 
2 E. t I + E. t 1 1 . inpu am inpu ine 

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 ll0°C winding tempera
tures. 

(3) Commutation Tests 

Purpose 

Verify that the commutating characteristics of the machine 
are acceptable by observation of arcing, tracing or flaring 
for the following configurations: 
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a. TRACTION MOTORS (Contd.) 

Configuration 

As a motor observe cOlllllutation at the following test conditions: 

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

As a generator, observe co11TT1utation at the following test 
conditions: 

a. 125 'Jolt, 925 Amps, 780 RPM 
b. 175Volt, 925 Amps, 1560 RPI'. 
c. 400 Vo It, 925 Amps, 2160 RPM 
d. 540 Volt, 710 Amps, 2900 RPI-'. 
e. 600 Volt, 740 Arr.ps, 4300 RPI-'. 

4. Heat Run 

Purpose 

Verify that the motor thermal design is adequate for the purpose 
Intended. 

Configuration 

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 ~cooling air flow when the 
test is stopped. Measure the rotor temperatures on the armature 
Iron, end turns, risers and canmutator surface as rapidly as 
possible. Measure the armature resistance. Calculate the final 
armature mean temperature using the following formula: 

• 
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a. TRACTION MOTORS (Contd.) 

tf ~ final temperature 

t 1 • Initial temperature 

Rf = final armature reslst~nce 

R1 = Initial armature resistance 

Test Conditions 

a. Continuous Rating at Ba~e Speed 175 HP, 312 volts 
460 amperes, 1560 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 terrperature, computed as above 
at 100 ± 10°c. Stop test when armature reaches 180 ± io6c) 

In the above tests the armature temperature shall not exceed 200°c, 
and the field winding 1ao0c. 

5. ~speed 

Purpose 

Prove the mechanical Integrity of the rotor and commutator. 

Configuration 

Connect two motors In the same manner as In the_efflclency tests 
{Item 2) 

Procedure 

With an armature temperature of 180 ± 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 
resulted. 

Prove the dielectric capability of the Insulation system • 
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a. TRACTION MOTORS (Contd.) 

Configuration 

7. 

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 
coll 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 momentary overload limit of the motor to determine 
the safety margin above the rated load, 

Configuration 

Connect two motors together through a flexible coupling such 
that one is being electrically driven as a motor element and 
the ocher is electrically connected through an electrical con
tactor to a 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 until the generator flashes 
over. 

8. Vibration 

Purpuse 

Prove the mechanical integrity of the motor and gearbox to 
vibratory input loading, 
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a. TRACTION MOTORS (Contd.) 

9. 

Configuration 

A vibration fixture which independently simulates the axle 
Input to the gearbox and the motor-truck frame mounting wi 11 
be utilized for this test. 

With the motor truck frame mounting fixture in a static rigid 
condition, drive ihe 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 
wi II 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, 106 cycles. 

Due to the length of the testing at the low frequencies associated 
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 
cornbi nation. 

Configuration 

Conn~ct a motor and gearbox in a manner slmu,lating the installation 
on the car truck, 

Procedure 

Record audible noise levels on abrMd:>-=m:i 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 (reference 
0.0 2 microbar) wi 11 be recorded. 
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a. TRACTION MOTORS (Contd.) 

10. Black Band 

Purpose 

- 8 -

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

Configuration 

Two motors are connected together with a flexible coupling. 
The motors are electrically connected 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. 

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), 

Increa3e 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.voltage; 
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 900 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 
neces~dry, to provide the best compromise over the load and 
speed range of the motor. 

SHEET 24 



a. 

- 9 -

Dcvelormer1t Testina. Traction Motors 

(1) No load saturation data taken on SOAC motor SN3 is shown on Fig. a.1-1. 

{2) Motor cfficie:icy d.ita 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 povJer 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) ... --------. 
n ~ • I Ce11eraf(lr l~fls a(,lf • 

l/.5l"J "(,41 V fi'Joforl<t//s 11'1 

/_J t.p/,·i 1e~1 
The data has a spread of ±4% with a mean value of approximately 

" 
92% I 

(3) Data en 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: 

No visible sparking 

Fe\'l intermittent fine sparks 

Continuous fine sparking over·half the brush width 

Continuous fine sparking over most of the brush width 

Continuous fine sparking plus heavy :parking over 

half of the brush 

Continuous heavy sparking 

Continuous heavy sparking plus blue arcing or 

streamers 

Continuous heavy sparking plus glowing at 

· brush width 

Rat i r,g 

1- I /4 

1-1/2 

2 

2-1/2 

3 

3-1/2 

4 
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4, Heat Run 

The data included here is for the one hour rating test at 230 HP continuous. 

Fig 44-1 identifies the tempcratur.e sensor locations. Figure a4-2 is a series 

of 8 pages which are a copy of ~he strip 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 stopped and cooling air was turned off. The lines traced 

in on these charts are for thermocouple locations 10, 12, 21 and 22. Locations 21 

and 22 are air outlet temperatures. Numbers 10 and 12 are winding temperature:

near the air outlet which reached the highest values after shut down, see 

figure a4-2(B). 

The airflow rates (approximately 900 CFM per motor) are ~bout 201, lower than 

that of the forced air cooling system used in the vehicle. 

Data from the Overload Heat Run a re sho1-m in Fig. a4-4. 

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

5. Overs peed 

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

speed) on each unit as indicated in figure a2-J. 

6, D i e 1 e ctr i c 

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 3() 
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8. Vibration 

This test was not run. 

9. Noise 

This test was not run. The motor is cooled by an external blov1er and is a 

relatively quiet unit by Itself. 

JO. 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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), 
J b. INPUT REACTOR (P/N 524054-1) 

~ 

Production Testing 

I. Inductance test 
2. Q shall be verified 
3. Hi Pot 
4. Resistance 

Development Testing 

Purpose 

To Insure reactor meets all design specifications. 

Configuration 

Power source and Instrumentation to monitor tests. 

Procedure 

a. Inductance using Incremental inductance bridge 
(L = 0.30 + 0.03 - 0.0 mhy) 

b. 

c. 

d. 

Resistance using wheatstone bridge 
(Rdc = 1.4 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 
~urfaces. Connect inductor to a low voltage - high 
current direct current source, Increase voltage to 
obtain 1350 amperes through the Inductor. AllOd 
temperatures to stabilize. The hot spot temperature 
rise shall not exceed 100°c. 
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b, INPUT REACTOR ( P/N 524054-1) 

fr.Q!luction Testing 

Each unit was tested to check'compliance with the requirements of 

specification 422-0500. 

Development Testing 

No development testlng of the component, ,as such, was made, A heat run \'Jas 

not considered necessary, since its heat load was less than the smoothing 

reactor. 
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~ c. SMOOTHING REACTOR (P/N 524056-1) 

Production Testing 

I. Inductance tests 
2. Q shall be verified 
3. Hi.Pot 
4. Resistance 

Development Testing 

• 

Purpos~ 

To ir.sure reactor meets all design specifications. 

Configuration 

Power source and instrumentation to monitor tests. 

Procedure 

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

b. Resistance using whcatstone bridge 
(Rdc = 2,7 x 10-3 ohm± 10%) 

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

d, 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 stabi 1 ize. The hot spot temperature 
rise shall not exceed 100°c • 
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c. SMOOTHING REACTOR ( P /ti 524056-1) 

Production Testing 

• 
Each unit was testtd to check cqmpliance with the requirements of 

specification 422-0501. 

Develooment Testi~g 
• 

The electrical and mechanic~] characteristics were verified and a heat run 

wa:s made to determine the temperature rise of the unit. Details of the heat 

run fol low:: 

Smoothing Inductor Heat Run 

The smoothing :nductor 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 ~-Jere 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 angle. 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 char·t. 

SHEET 49 



- 34 -

Referring to Figure CJ-I it can be seen that the maximum temperature reached 

was 3J4°F, but the temperature ,,1as still increasing slightly. It did not appear 

that the final temperature would e.Yeeed 320°F. The length of the run was three 

hours. The ambient temperature-was J04°F. The temperature rise was therefore 216°F. 

Since the air flO'tJ was considered minimal ·as compared to the actual application, 

the results of this test were co~sidered 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 inductor had z h~at 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 would result in a lower 

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

Production Testing 

I, Thyristors and rectifiers 

a. 
b. 

Blocking I ife 
Dynamic tests 

2. Thyristor voltage sharing and snubber operation 
3, Logic tests 
4. Sensor tests 
5. Hi Pot 
6. 400 Hz operation to check snub~er operation 
7, Oriv~ brak~ transition 

Development Testing 

Purpose 

To insure that components will perform to the required 
specifications. 

Configuration 

Power source - loads - high and low temperature ovens -
thermocouples - necessary test equipment for monitoring results. 

a. Thyristor acceptance 

1) Blocking life (72 hrs - 125°c - 960V) 
2) Gate sensitivity (25°c - 3.0V - 150 ma) 
3) Forward voltage drop (25°c - 300A - l,6-l.9V) 
4) Anode blocking (125°c - 1200V) 
5) Gate sensitivity (125°c - 0. 15V) 
6) Turn off time ( 125°C - 30 usec max) 

b. Rectifier acceptance 

I) Blocking life (72 hrs - 150°c - 1500V) 
2) Anode blocking (200°c - 2000V) 
6) Forward voltage drop (150°C - 300A) 

c, Commutating capacitor 

I) Inductance (10.0 + 0,5 - 0.0 mHy) 
2) Hi Pot (2500V - 60 Hz - I min) 
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d. DC-DC CHOPPER (Contd.) 

d. Coornutating capacitor 

I) Capacitance (4 uFd ± 1oi} 
2) Hi Pot (IOOOV - 400 Hz - I Hr) 

Full Load Operational Te~ts 

Purpose 

To determine that the DC - DC Chopper functions within all 
parameters of its design. 

Configuration 

Equipment required to perform operational tests. 

a. 
b, 
C, 
d. 
e, 
f. 
g. 

h. 

Main power source 
logic power supply 
load bank 
Capac i tor bank 
Smoothing inductor (or simulated) 
Motor load (or simulated) 
Oscilloscopes, arrmeters, voltmeters, wattmeters, 
thermocouples, etc. 
Cooling fans and ducts 

Procedure 

a. Chopper test 

I) Apply logic 
thyristors. 
cormiu tat ion 

pO'wer and observe gate drive on al 1 
Ascertain that main thyristors and 

thyristors are receiving proper signals. 

2) App I y voltage to the capac i tor vo I tage 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 vol ts, 

5) Check that frequency is variable from 40 to 400 Hz. 

b. Semiconductor tests 

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

the drivers 
Perform 

It shall 

Observe voltage waveforms across all semiconductors and 
that the fol lowing exists: 
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d. DC-DC CHOPPER ( coutd. ) 

I) Serles pairs of the semiconductors share voltages 
2) tlo excessive voltage spikes 
3) Hain thyristor turn-off time. 

Increase the voltage in 100 volt steps to 750 volts and
phase the control to full on and return to the chopping 
mode at each step. Observe the folla..Jing: 

1) Semiconductor voltage sharing 
2) Commutator current 
3) CurrEnt sharing of main thyristors, co~mutating 

thyristors and free wheeling rectifiers. 

c, 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 
cOOIT1utating current and the load current. 

d, Heat run at 400 Hz 

W i th the sys tern connected i n d r Ive mode and with 2000 CFH 
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 
stabi 1 ize. Record. 

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

Production Testing 

A laboratory test was run 011 each power semiconductor to insure its suitability 

in the system. A sample data sheet is shuwn in Figure d1-l. The operation 

of the chopper \-./as checked in accordance with an Acceptance Test Procedure. 

A sample test procedure and data sheet shown in Figure dl-2 and Figure d!-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-

9001. 

Each commutating capacitor was checked for compliance with specification 195-0500-

9001. 

Development Testing 
. ' 

·The various phases of development testing included: 

(!) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

Corrmutating capability 

Thyristor temperature rise 

Heat sink optimization 

Thyristor gate drive suitability 

Temperature rise of commutating inductor and capacitor 

Snubber optimization 

Air flow distribution 

Thyristor current and voltage sharing 

Operation at maximum voltage in drive and brake modes 
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/\CC[PTA:lC[ TEST DAT/\ 

D.C. CHOPPER 

P.irt tlo. 5240~,8-I 

S/N 3J-D 7 

D.itc: -.,-- l"-1 - 7.3 

Tested by: Jo 1; e. 11 U ;,J 

./J . .J n c.K.s o N 

.. 

fJ<;_ d.l-2 OJ 
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I. 2 

2. 

2,4 

2,4.1 

PRE I.I HT NAr, Y 

Conr.ections 

Wiring 

LO CIC ----
Gate vo 1 tagc 

- 42 -

/\CCEr'T/1,!CE T[ST DAI·1\ SIICLT 

Dra1·1cr A- I 

A-2 

A-3 

Minimum gate frequency 40 ±2 Hz 

2,5 Gate drive sequ&nce 

2. 6.1 

2,6.2 

2.6.3 

2.7 

2. 7, I 

3. 

Displacement Td = 90 ±20 µ,sec 

Com~on mode adjust~ent 

C~pacitor ready voltage 

Gate drive clam? 

Com~utator contactor coil 

Auxi 1 iary contacts 

{pD 
Er=-6-&-±IOV ,,v 
E2 =~±I OV J/t&,t' 

e = .11 = ,02v 

ACCEPT 

. . 

✓ 

✓ 

✓ 

V 
V 

KO 

dB 

/ 
3. 2.1 Commutator current 

R~H • .000,9(,, 
C ,.. • 4.lo 1,,ss-R 

T = 130 :!:I 5µsec V 

3.2.4 Snubber resistor voltage RI V 

R2 ~ 

R3 ;,-

R4 ~-
• 
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ACCEPT REJECT 

3,4 Sc1iliconJuctor voltages 

Total mair1 tl1yristor , C ~-,yo~tlt,10 
pk - - - --

,/ 

Total coc:tg t\1yr is tor 

Total free whe~I diode 

Single li1:iin thyristor 

Single co~1tg th1•ristor 

Single free wheel dioJc 

C pk ,., __LgQ. __ 

C pk :o LLL..£LL __ 

epk <-,-~&,OJ t3(X) 

C := .3 !PO 
pk -

C = .£6~ 
pk --

3,5.2 Main thyristor currer,t shar-ing 

3.6 

3.7.1 

HS 

2 

3 

4 

5 

6 

Maximum 

Chopper 

Chopper 

deviation 

recovery 

operation 

Voltage 

. ,:rff:-1( /, '30 

-~ I ,"30 

.p:={ /,]. ' 
,;;qt /. '3 B 
.rE{ /, 3 0 

,::el;\( /,3 ~ 

shal 1 be ±10 

at m3ximum current 

-
----

✓ 

IL. 
~ 

FIC: d.J-Z(3) -
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ACCEPTANCE TEST PROCEDURE 

D.C. CHOPPER 

Part No. 524058-1 

~/N 33-1)7 

FJC. jf-3{1) 
:..--

• 
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I • PREUl'\t fJAP..Y C.HfC~ 

I.I All iJCCl'r,'.,iblc '·'.l]tccl 011d '..Crc1·1 type i;onncctions sh.:ill be: e>;0r.1inccl 

.ind lcstcd for l i~htncss. 

vis,,;,t check is not st1fficicnt. 

1,3' IIOTE: fl rcjcc'.: ;.1t any point n;ust be clc,1rcd before prccccding, 

2.1 Insert logic cards in their propc:r spaces. • 

2.2 Conne~t logic cable fro~ chopper to propulsion control. 

2,3 Apply logic power with"9 d sign.:il at minimum and gates cla8ped. 
co;n~un 

2.4 Release gate clomps and observe g.:ite voltage waveforms at tcr□i~al 

2.5 

boards, on dra;-:crs A, A2 and· A3. I lace scope probe on terminal 

and reference on terminal 3. The waveform shall be: 

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

Place scope reference on lo3ic cc~-nc-7 and the probe of ch.:innel I _,n 

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

waveform on chopped input. 

Al Term 

A3 Term I 

~I ( 
I 
I L) 

fl Cr. d J--3 (zJ 
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lfotc di!.,pl~1cc;;,c11t of lo·.-,cr •,·1.ivcforr:1 (cu::1::1ulotion drive) in tirc1~ L·c-.;;1 

the ur1,cr 1:~1vcforr1 (r.:.:iin drive), Displocc,,1cnt sh,,11 be 90 ±2Cpse:c. 

T = 7 Cl ..JLiE c_. 
2,6 Con:.2cl il l.:ibQr.1t6ry po·:1cr supply (9-IS0V, 1/2 ilmp) across rC':;istors 

R51·7, B~ is connected to the top tcrr.iinul of tlic resistor ilnd 8- is 

connected to co~1~on. leave chopper output termi nil i open. 

2. 6, I 

2,6,2 

2,6.3 

2.7 

2,7,l 

Place scope reference on logic co1n11on ilnd probe on UI Term, 6. 

Adjust potentior:1etcr R__:_ to obtoin minimum <1c o:np::ment on scope. 

Move scope probe to U2.Term. 6. Tl1e displi)y, C, will be 12 volts 
0 

de. Increase the auxiliary supply vc-lt<1ge slm-1ly until C0 foils to 

zero. llotc this voltage E1 = 60 ±!0v 

Dccrc<1se the .:iuxiliilry supply voltage until C0 rises to 12v. 

Note thi~ voita9c 

Observe gate voltages at drawers Al and A3, 

gate sign2ls arc present. 

When e
0 

is O volts, gate signals are absent 

When e is 12 volts, 
0 

✓ 
yes n<> 

yes n) 

Apply 28 volts to comr;;utator contactor coil. It shall close, _.!..f/-t...P.:_...~ 
yes no 

Observe auxili~ry contact. It shall operate to indicate condi-

tion of main contactor. NA 

2,8 Remove iluxi 1 iary po;-1er supply. Turn off logic power. 

3,1 Connect s~oothing inductor and !ouu bi)nk to the output of the chopper. 

Close cor:L~1ut<1tor cont;:ictor. Connect muir. power supply to the input 

• f"J<i. d_ f-.3 (3) 
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of the cLc.,p;,cr. (;1 connects to thf.! input tcr:;:in.:il. B- connects to 

3.2 Arply lu:;ic p::,·.,er, l,ut cl.:ir.ip (;cite drive signills .:ind set 9 sign.:il com 

3. 2. I 

3.2.2 

3.2.3 

3.2.4 

' to zero. 1ipply r.:c1in poi·:cr. Incrc,1:.e the 111.Jin prn·ier volt.:ige to 

.ippr~;,ir::Jlely 20:l volts. Reicwsc g.:ite cl2mp. Adjust mcJin vo 1 tu9e 

to 20::l volts if 11cccssilry. 
• 

Observe cb!;,:;1:.it.:i.:ion current 1-1<:iveform oS developed ilcross c1 &.ee:2:; 

ohm cocJ:.<iwl shunt. 

) ' 
lpk X ~ -- /5'r'"A I k =.t.1ov ..-,;,-Q"CT o 

P' --

T = 13 O µ.sec 

Observ2 vol t.igcs across r:iain. thyrist:ors, cor.i:;iutwting thyristors, and 

the free \;heeling diodes. llotc pe.ik voltages 

e ,,, V 12o5' V main • ;z,o 

C ,; 1 t,o v 
com 

Observe volt.:igcs across each semiconductor. The voltages shall be 

one-half ±I~ of the corresp.Jnding v~ltages of sect. 3.2.2, 

Observe volt.iges across snubber resistors. R __ , R_, R_, and R 

Voltage spikes indicate operation of snubber circuits 
.., 

V 

V 

3;3 Incre.ise m.:iin supply voltage to 400 volts. Observe voltage 1~aveforms. 

The peaks shall not be greater th.in twice the peaks of sect. 3,2.2. Do 

not record. 

flt;,dt-3 r!J SHEET 63 
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3.1, Incrc-;:ise 1n.:;in SllFPl'f volla~1e to 6'.:iO volts. 0b::;crvc volt;:ic;c \1c1vcfor:1s. 

The pcc1(;'., ::h.:i 1 I not be 9r~c1tcr tk,11 3.3 t incs the pc<1ks of sect. :: .. :•. 2 

and 3.2.3. 

emain ~l,f'o 1G10 

I /2 Cni;:in - 3 {,O f.300 

Ccomt. 7 2. t) 

I /2 Ccomt. '36 o 

eH/ ,f // s-o 
I /2 CFW -,560 

3.5 Turn on 2ir supply to cool thyristors. Reduce main supply voltage to 

2OOv. Advance 9 signal to obta:n approximately 501 duty cy,le. 
com . 

Measure voltage developed across the current sharing resistors. Tl1c 

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

conduction. HS .,, 

2 v· 

3 v-

4 ,,,, 

5 ✓ 

6 .., 

3.5.1 Advance g d signal to maximum to obtain FULL ON condition. 
comm,:in 

Note vo 1 tage ilcross_sharing resistors. 

HEAT SINK VOLTAGE 

.t 1,.70 

2 • 300 

3 . ~'S S' 

4 ,:.(30 

5 .J..80 

6 . 300 
• 
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3,6 
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The 111;-ix i 1,·,,:::1 dl'\' i ;J l inn :·,ho 1 I be 30,',. 

Incrl',>SC Lh!.' r.1 .. tin '.,upply volt.19•.' to~. Note voltogcs ncross the 

sharing ,·csistors, 

S'I~ 

IIE/\T SI t!V.. 

2 

4 

5 

6 

VOLTAGE 

_d:£. 

d£: 

~ 

d-ir. 

_--rff.. 

.a-,Y;' 

/.30 

1,30 

/,J. lo 

1a8 
1,30 

f.35' 

The mnxir.iu:n dcvi.:ition shall be ___ ~101,,. 

Retard g d signal. Chopper shall chop at m<lximum duty cyck, c!ccrc;::.3: 
common 

in duty cycle und finally decrease in frequency as thee d signal cor;1:.,an 

· is dccrcused to zero. Note the main supply voltuge will have to bd 

adjusted to m<lintuin a constant 600v \•k1en the chopper is ph,,sed back. 

Chopper recovery &c ~ i.f'4'!r6?'" .:Jts,8 
I - /tofJO ~AJP 

3, 7 Clamp g;;ite s i gna 1 s. Turn Mui n Po~•,er Supp 1 y do·:m to zero and OFF. Short 

3. 7.1 

load resistor, leilving the smoothing in:!uctor as the only load • 
. 

Turn on muin pm•rer supply. Increase the voltage to 150v. With e co:a::1cJnd 

at zero, release the gntc drive. Increase the voltage to 600v. 

Advnncc g if necessary to obtain 1800 A load current. 
command 

Chopper shall operate satisfactorily. 
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The results of some of the various development tests follow: 

Full Load Operation Tests 

The full Joad operational tests were conducted as indicated with the exception 

of the brake mode operation which was done on the prototype·and later during . 
system test. 

. --------·-------- --- - - --• ---- -- - -- -- ------- - ---- --- --- -
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Conmutation Temoerature Rise 

Test Conditions set up for the heat run of the commutation components are as 

f o 11 ows: 

The air flow distribution ~,as 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 off minimum, 

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

shown in Fig. dl-+. 

The corrrnutation inductor did not overheat but it was not stressed to the maximum. 

The worst case occurs when the system is in brake and all b~aking current is 

passing through the free wheel path. This is not a continuous condition, 

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

the commutating current is considered adequate. Therms current is 

i = ;_gr;o. A,,.,~ :u~ ,, 

ic = ~,1tJ, A r,.,,s 

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

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. dJ-5. 

Note that the inlet air temperature shov1ed an increase of 12°F 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 p 1 acing the sharing resist ors on the 

outlet end of the heat sinks, the temperature of the inlet air could be 

reduced by approximately l0°F. The extra heat would then be transferred from 

the main ~hyristors 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. In 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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e. RESISTOR GRID (P/N 2000428-1) 

Production Testing 

I, Resistance check 
2. Inductance check 
3, Meg-ohm check 
4. Visual inspection 

Development Testing 

Purpose 

To insure resistor grid meets all design specifications. 

Configuration 

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

Proce,dure 

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

a, Resistance measurement using a WheatstoreBridge 
( 1.520 Oms ± 1.5%) 

b, Inductance measurement using incremental inductance bridge 
(100 x 10-6 Henry's) 

c, Hipot at 3400 V AC - 60 Hz from the resistor elements to 
the frame for one min. 
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-,~ 
'j f. BLOWER - COO LI NG ( P /ti 650932-1 ) 

•· _.J -,) 

Production Testing 

I. Direction of rotation 
2. Rotational speed 
3. Current 
4. End play 
5. Visual inspection for critical dimension 

Development Testing 

Purpose 

To determine the aerodynamic performance. 

Configuration 

Power source and instrumentation to monitor and record test 
results, . 
Procedure 

Supply. 230 V AC - 60 Hz - 3 phase pa;1er. 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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f. Developn~cnt Tests, Blo~•er 

Test data for the Motor Driven Fan is shown in Figure fl-I. 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 PA89900 as opposed to the PA85799 

curve which was an earlier pfrformance estimate. 

• 
Over the actual operating range of 2300 to.2500 CFM the actual fan performance 

(as modified ~1i th front and back space rs) is very close to the orig i na 1 estimate. 

Figure fl-I 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 I ine current is approximately 5% above the 

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

Production Testing 

I. Ohm meter check of circui.ts per schematic 
2. Visual inspection 

Development Testing 

I. Drop test 

To insure the design and packaging of the control is adequate 
to withstar,d rough han~ling during normal use. 

Configuration 

No s~ecial equipment required. 

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

Cable integrity, switches and internal ha.rdwa.re will show no 
basic degradation. 
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h. 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. 

Conf i g•ira ti on 

Hi Pot tester 

Procedure 

Apply 3500 V AC - 60 Hz - between the connectors and the 
enclosure for I min. 
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lq i. KNIFE SWITCH (P/N 2000504-1) 

Production Testing 

I. Visual inspection only 

Development Testing 

I. None required 
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j. SPEED INDICATOR (P/N 421-0501-9001) 

Production Testing 

I. Operational test 

Development Testing 

I. None required 
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JET PUMP (P/:l 200292!-1) 

Production Testing , 

I. Visual and dim~nsional inspection only 

Oeve l cpmen t Testing ;'/(, 

I. Aerodynamic calibration test 

Purpose 

• 

To determine th~ aerodynamic performance requirements, i.e. 
primary fl01-1 and scavengo flow. 

Configuration 

Place the Jet Pu~? in a t~st fixture c~poble of monitoring 
fluid temperature, pressure and rates of primary, secondary 
and total fl01·1s. 

Procedure 

Apply inlet pressure.of 10 in.H
2
o to primary inlet at established 

flaN rate and record secondary rlows and'total flOdS, 

•. 
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)) 1. POWER CONTROL UNIT (P/N 524060- I ) 

7'. 
-'J 

Production Testln<( 

I. Meg-ohm checks 
2, Ohm meter check of wiring per schematic 
3. Pc,,,1er checks for pu 11- In vo I tage 

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

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

Develoement Testing 

I. Heat run - all sections operating 

Purpos~ 

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

Confi qu ration 

~et 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 thermal 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 
equilibrium is obtained, record temperatures of the major heat 
source elements by both the thermocouple and delta resistance 
method, 

Temperatures recorded shall not exceed 60°F above the unit 
ambient temperature, 
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L. Devclooment Testinn. PCU 

The tests on this unit consisted of point to polnt wiring checks and control 

logic operational checks without 600 VDC power. Further functional tests 1·1ere 

conducted on this unit during system checkout. 

No heat run was made on the box sincc 1 even at full powe~ the dissipation was 

much less than 0. I watts per square inch of surface. 

The subsequent modification of adding the two truck isolating diodes (in series 

with the armature circuits) raised this peak dissipation to something less than 

0.2 watts per 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 

P1·od11ction Testing 

I, Inspect for critical dimensions 
2, Back lash measurement 
3, No load torque 

Development Testing 

I. Proof Torque Test 

Purpose 

Prove the gearbox-coupling system will withstand (with adequate 
margin) the torque expected to be experienced in the ir1tended 
usage of the unit, 

Configuration 

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

Procedure 

Apply a torque of 56,000 inch lbs to the gearbox input shaft. 
This input torque restilts in an output gearbox torque of approx
imately 267,000 inch lbs. Repeat the test in the reverse 
direction and examine the gearbox-coupling. The unit shall exhibit 
no permanent deformation. 

2, Acceleration and Deceleration Torque Loads 

Purpose 

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

Configuration 

· Conn cc t n-10 motor-gearbox combinations th rough a common ax 1 e. 
Connect the motors electricully so that one acts as a driving 
element and tl10 other ucts as a loading element (generator). 
Provide an air flow source. 
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m. GEAR BOX AND COUPLING (Contd.) 

Procedure 

3, 

Vary the load on the CJC'.:lr uox by lo.:idin<J th<.:: SL'ner.:il•;r element 
elci:trically. V.Jry the field currl!nts of the 1notor elc,nent and 
the generator clement to simulate the load and speed of the s-;stem 
at various points in the acceler<1tion and dccclcrJtion of the 
vehicle. Provide an airflo,1 of a velocity cquiv.:ilent to the 
speed of the vehicle at epch test point, Run the folla.;ing test 
points for a time period bf one minute or until an oil ten1perature 
of 250°F has been reached: 

Motor Torque RPM Vehicle Velocity Air Velocity 
Ft/Lbs MPH Ft/Sec 

1000 900 17 24,7 
900 1560 28 40,6 
560 2400 44 63.7 
320 4300 80 I 16.0 

-960 200 3 4.3 

The unit will be disassembled and inspected following these tests, 
No perm<1ncnt deformation shall have resulted. 

High Temperature Test 

Purpose 

Prove that the lubricant, and method of lubrication is auequo1tc 
so as not to degrade the performance of the gearbox through the 
entire operating temperature range, 

Configuration 

Same as Accelerntion and Deceleration Tests (Item 2), 

Procedure 

Run the genrba>< at a speed and loc1d equivalent to the one hour 
motor ratin<J (230 HP, 1560 RPM). Measure oi 1 sump temperature as 
in acceler~tion and deceleration test, except provide no air flow 
equivalent to the vehicle velocity. Stop testing after u period 
of one hour, or 250°F oil temperature is reached. If the 250°F 
oil temperature is reached 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 ft/sec air flow and Jess than 250°F oi I 
tempera turc, 
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m. GEAR BOX AND COUPLING (Contd.) 

4. Audible lloise Tests 

Purpose 

Determine the <1udible noi:;c char.::ictcrislics of the motor-<Jearbox 
combination. 

Con f i gu ration 

Connect il motor and gearbox in il manner :.;imulating the instul lat ion 
on the car truck, 

Procedure 

Record .::iudible noise levels on abroadbarrlnoise 1e,1el meter 
"C" scale. Recordings 1•1ill be tuken .::it i.1 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 mnximum (reference 
0,0002 microbar) wi 11 be recorded, 

5. Di I Consumption and le.:ikugc Test 

Purpose 

To insure that the case seals .::ire adequate to prevent leDk,:ige 
.::ind the l.:ibyrinth seals allCM proper but not excessive lubrication. 

Confiauration and Procedure 

Oil consumption and le.:ikage tests wi II be monitored throughout 
the test program, 

6, Spring Rate of Axle Couplings 

Purpose 

To confirm that the actual spring rate of the coupling is 1·1ithin 
the limits calculated for the intended use, (Actual testing to be 
accomplished by Lord Mfg Co,) 

Confi9urution 

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

Procedure 

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

Note: There Is consiJerable tolerance that can be al lo1-1cd In the 
actual spring rates. 

SP.EET 88 



m. 

- 73 -
• 

GEAR BOX AND COUPLING (Contd.) 

7. 

K~z 50,000 In-lb = d'?g 

K~y - 50 000 ln-lb 
' deg 

KQX 48,000 in-lb 
= deg 

Kz = 67,500 lb/in 

Ky = 67,500 lb/In 

¾ = 170,000 lb/in 

K~ = cocking spring rate 

KQ = torsional spring rate 

X = axis through axle length 
y = fore and ~ft 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. 

Configuration 

Same as acceleration and decleration torque load tests (Item 2). 

Procedure 

Utilizing the motor efficiencies determined for the specific 
motor;:-used in this test, determine the input and output power of 
the combined series gearboxes. The efficiency of each g~arbox 
is defined as 

'11GB 

r-:··--·- ·-···· 
= 1 P01·1er Out 

\J Power In X 100 

Determine the gearbox efficiency at each of tl1e various te~ts 
accomplished during acceler~tion and deceleration tests (Item 2) 

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

8. VI brat ion 

Purpose 

Prove the mcchan i c,~ I l ntP-l)r i ty of the motor and ge.:i rbox to 
vibratory input loading, 

Cqnfigur;ition 

A vibration fixture whicl1 independently simulates the axle input 
to the gca rbox and the motor-truck f ramc mounting wi 11 bi; u ti I i Led 

for this test. 

Procedure 

With the motor truck frame mounting fixture in a static rigid 
condition, drive the axle input fixture and' Stan for resonances 
in the 20 to 35 Hz region. Resonances in the 80 to 150 Hz 
region have bee-n given specinl attention in the design and Hill net 
require evaluation. 
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rn. Deve Jooinent Test ins C.ec1.rl3°>:. ~n,I Co1.11=.l,.,j 

J. Proof Torque 

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

vs design stress cal~ulations. The normal maximum operating torque level 

is 1200 lb ft at the motor end of the gear train. The ultimate stress 

level in this application for the materials and processing 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. AcceleraU0n Deceleration Torque 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 forrr. in Fig. tn3-1. This test was run without forced air cooling. 

4. Audible Noise Test 

No data was recorded for this test because the actua 1 noise 1 eve I was 

Judged to be an order of magnitude Jess than the test requirement as 

observed during item 3 above. 

5. Oil 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 Static!~ . Dynam i c;lh~-

Ktx' Torsional 20,000 37,000 
in. I b/deg. 

K , Axial, 1 bs/i n 110,000 320,000 
X 

K , Transverse 30,000 56,000 
z lbs/in. 

Kty' Cocking, None· 76,000 
in. J bs/deg. (estimated from test) 

* Test by Lord 

ff Estimated by Lord 

The fatigue life of the coupling was estimated by Lord Mfg. Co. as five years 

based on a set of combined loads which Lord considered as conservative. In 

reviewing the fatig·1e analysis, the most damag_ing load to the coupling appears 

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

of the life. 
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7. Gear Box Efficiency 

Two data points were extracted from 8-24-72 laboratory test data sho~m 

in Fig. M7-l. The data reduct\on is illustrated in Fig. m7-2. The motor and 

generator efficiency data was su~pl ied from other data not part of this 

test (* ). 

These calculations shov, the Gear Box+ Coupling combination to be approximately 

97% efficient by the definition: 

(l GB 
l / r? G --------~-----=- X 100 

l?M 

Power Output (Electrical X 

Input (Electrical) X 

The test setup is sho~m 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. 

8. 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. mS-1. 
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n. P SIGNAL GENERATOR 

Production Testing 

I. Conti nu! ty checks 
2. Operationa I tests 

Development Testing 

None req u i red 
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O. FJLT[RS AND ~UC'~ 

Produc t_>,,1 lc-s t .'.!t.! 

I, Vl.su.:il ,111~ d!ml'nsi 0 m.:il Inspection only. 

Oc-vc-1 op1t1r>n t Tc-st i.!:!.'1 

I • Test to ~stab I ish /1.P in duct section between OC chopper and 
tn:iction motor (cu!; end No. I) 

Purpose 

·To estublisl1 the duct size. 

Conf i CJltri:l ti on 

Test setup sin,uluting far, ducting, DC chopper, ducting (to be 
test.:d) and tr{lction motor; 

Procedure 

lnstal I duct in test setup monitori,19 inlet pressure, temperature 
differential pt·l'ssure (across duct being tested) und outlet 
pressure and temperature • 

\ 
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p. MASTER CONTROLLER (P/N 2000503-1) 

Production Testing 

I, Ohm meter checkout of wiring per schematic 
2. Operation of key and handles to check mechanical interlock 
3, Visual inspection 

Development Testing 

I, Operation with P signal generator, and logic electronics 

Purpose 
that 

To determine;\:he controller functions properly within its design 
parameters. 

Configuration 

Install the controller in a test setup, with the necessary 
instrumentation to monitor 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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PROPULSION CONTROL (P/N 524062-1} 

Production Testing 

I, Hi Pot. (rack, prior to logic card installation} 
2. Continuity check of al 1 circuits 
3, Functional test all logic cards prior to installation 
4, Functional test logic system. 

Development Testing 

I, Thermal tests 

Purpose 

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

Configuration 

Install the propulsion control unit in a test setup using simulated 
loads, signals and required input voltages. Instal I thermo
couples on all major heat sources within the unit. 

Procedure 

Test the unit in a steady state, maximum heat output condition. 
After temperature within the unit has stablized, measure and 
record the major hea.t source elements by both the thermocouple 
and delta resistance methods, 

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

SHEET 103 



- 89 -

q. 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 dur!ng 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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r. AUX POI/ER CONTROL (P/N 20001134-1) 

Production Testing 

I. Continuity checks of all circuits and contactors 
2, Hi Pot 
3, Functional test all logic cards prior to Installation 
4. Functional test all components (i.e. field power supply, voltage 

regulator, etc.) prior to Installation 
5. Operation and checkout of motor alternator start circuits. 

Development Testing 

I. Motor alternator start sequence 

Purpose 

To insure the motor alternator start circuit ls functioning 
properly. 

Configuration 

Install the aux pa.,1er control in a test setup with the motor/ 
alternator, associated circuit breakers, contactors, simulated 
loads and variable high voltage-high current DC source, 

F-rocedure 

Apply 600 VDC to M/A start circuit breaker. WI th no load applied, 
close drcuit breaker, allowing start sequence to occur. After 
M/A has reached rated speed ( 1750 RPM) and rated voltage, (230 VAe 
60 Hz 30) apply loads. 

Reduce vo 1 tage to 400 voe. M/A wi 11 shut d01"n sheddiruj all loads. 

Increase voltage to 550 voe, M/A set will restart going through 
Its normal start sequence. 

2. Rail Break Operation (June 30) 

Purpose 

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

Configuration 

Ins ta II the aux pCMe r cont ro 1 In a test setup w i th the motor 
alternator, associated circuit breakers, contactors, simulated 
loads and variable high voltage-high current DC power source, 
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r. AUXILIARY POWER CONTROL (Contd.) 

Procedur.£ 

Apply 600 VDC to the M/A circuit breaker. Close circuit breaker, 
A 11 ad H/A to start and reach rated speed and rated vo 1 tage, 

Apply 3-phase loads, air conditioners last, 

Open contactor (simulating rail break) for 1 sec. and close. 
Check to insure that all circuits are functioning properly. 

3, Heat Run. All sections operating 

Purpose 

To Insure that proper thermal conditions exist within the aux 
pader control unit, 

Configuration 

Set up the aux power control unit with simulated loads, signals 
and input voltage, so that all equip~~nt within the unit is 
exhibiting maximum thermal output. Place thennocouples on major 
heat sources, 

Procedure 

Run the unit in a steady state, maximum heat output condition and 
monitor. temperatures within the enclosure, After thermal 
equilibrium is obtained record temperature of the major heat 
source elements by both the thermocouple and delta resistance 
method. 

Temperature recorded shall not exceed 60°F above the unit ambient 
temperature. 
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r, Develo;;"nent tests. Auxiliarv Po1·1er 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 (MA set and two field PDR's) all have integrally m0unted 

forced air blowers. The battery charger~ 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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s. SYSTEM TES TI NC 

To functicnally tc:;t aml cvuluato the propuh·ion dync::d c 

braking and auxilL:i.ry po1,,·er system as a11 integrated 

transit car system. 

To check out ccach subsy~:lcrn as it would be arranged 

in the integrated car system. 

To cvc1luc,t•:: each subsyst0rn c;.nd c;:,;npare results with 

predicted values. 

To evaluate system protection by failing an1/or 

exceeding rrcscribed limits. 

Procedure. 

(1) Perform production test on each component to be 

used in syste>m test or check to see thc.1t tests have 

already been made. Install thermocouples; 

(2) Install c_pmponent in system test facility ih correct 

relative position as i.n actual car installation. 

Use system installation Dwg. 2000027-1 as a 

reference. The traction motors Gre the exc2ption, 

and will be mounted outside the test cell wall. 

(3) Connect the components per wiring diagrams and wire 

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

(II) In:,:i.<'.1.1 c.i.rcuil UP':1f·J,,·:,; i:1 ~;y'.·,lr:m which 2.r.c, 

part of cab controls. 

(5) Choe}: wiring for groundf;. 

(6) 'J'cst low ,;nl tc,gc circuits, using b;.ttery 

voliagc to sec if contactors, circuit breakcr5, 

interlocks, etc., are working properly. 

(a) Po~cr Control Unil 

Contactor operation, auxiliary contact 

circuits, overcurrent relay circuits, 

differential current relay circuit 

current sensor outputs. 

{b) Propulsion Control Unit 

Relays which operate drive-brake 

contuctors, 

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 ~uct work. 
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SYSTEM TESTING (Contd.) 

(oj /'.ir i"!ct:! tor.'OV;rS ('11 ~.ysl<·1:i l'·:,l 1·1ill ,,..,,_ L,,~ duct<.:d i"J<; in car. 

adjust ,iir flu.-1 to get the r.Jc:,ired cubic fec~l per minute. Mccist•rc pressur,· 

drop across motor only. 

t9) Check st□ rt-L!p, controls, cind 01x.~ ration of motor-al tcrnator set. 

(a) nomal operation 

(b) quick shut-do~n circuits 

(c) simulation of ruil brca!;s; short, long, and repetitive gaps 

(10) Connect cooling fclns to M.A. set. 

l: :) 

{a) check starting ct1rrent of f2ns when contactor· is closed, and 

voltage trcinsler1t 

(b) steady stc1te load requi re;.1cnt cind P.F. of fun motors. 

A~~ :r~~t!on ~otor fi~!d pnwcr suoplies to M.A. set output 

{a) response to control logic conmands 

{b) accuracy of field current 

{c) steady state loads and Po·.-,cr Factors 

(12) Battery charger and battery bus checkout 

(a) operation of charger when connected into system 

(b) operation of transition to battery and from bnttcry to transformor 

rectifier as motor/alternator voltage fails 

{c) meas c ~oltage variation due to transition and see if any 

transients present that ilffcct logic pu.1er suppl ics. 
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s. SYSTEM TESTING (Contd.) 

Chee:; c:::c:pper c;:>cr<1Lin11 ,1l Ji,Jht lo,1ds bvlr)•,1 Liasc '.,r,ccd. Mutorinri 1~.odc. 

Observe choppC'r o;,e:r.:iticn, control logicJ 1·1avt'forrns, c:ap.:ici Lcr bc,r,k 

vol t;iucs nnd currcnlSJ tcr.1puruturcs in equipment boxes, chopper turn 

off time. 

(a) vuri;ible frequency operation at start 

(b) Vilriuble c1ngle operation; norr.iill running 

(c) sta~i lity of closed loops 

(IL1) Check chopper operDtion at light louds during trilnsition through base 

speed. Motoring mode. 

(15) Check op!::riltion of field control and current balance in motors i,bo·1c 

base speeds. 

Check chopper 1n bratdng 1aode) .,eginning ~,i th operation of system ubove 

2900 rpm and using field control. Observe transition ~nto chopping mode. 

(a) observe paier in brake grids; voltage and/or current 

(b) traction r.,otor current ba!.:rnce 

{c) vol t.:igcs on chopper 

(d) cushion off 

(17) Check operation of speed indicator 

{a) accuracy 

(b) I imi t s;::eed buttons 

(c} trDnsien,s; jerk rate 

(18} Run full po.-ier acceleration performance tests. Strip chart recording of 

rpm, (or mph) ~otor current, 3rd r~il current and voltDgc, ~apacitor bank 

current. Wavcfonns of chopper input and output voltage • 
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SYSTEM TESTING (Contd.) 

\.19) ;•,d,J ,:.,,,,,.:ic t;,-.:,:.i'.:'J :,1: lull c .. ,:,';ilit'f, CJk,crv.iti,,w, ;i~, i11 (12). 

(20) Run simul.:ited driving schedule, including 30 second !,Lation sto;.~. 

Record temperatures. 

(a) re pct i tive response c:iccuriccy 

(b) hot spots 

(c) component 

(d) pov1cr consc::,ption and system efficicncy 

(21i Heat runs at bc,lcir,ced loads; tc1aperature rise 

(a) bcla:1 b.i se speed; various gr.:ides 

(b) above base speed; various grades 

{c) compor.Pnt '•.-lCLl r 

(d) co:r.ponen t noise; electrical and acoustic 

{e) power consur;,ption and system effici_ency 

(22) Full pa.-1er acceleration with rc:iil breaks under various conditions 

(23] 

(a) 

(b) 

{c) 

M.A. set operation 

• 
cont ro 1 I 09 i c 

air pressure twitches· 

Perform M.A. load shedding tests, with chopper running 

rail voltages. 

(24) Run pcrfornance tests at variou~ vol tc:iges 

(25) System protection tests 

{a) overload current relays 

(b) diff_srenti.:il current relay 

at varic:..•s 3rd 
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.. , s. SYSTEM TESTING (Contd.) ,. ' 

(c) l O!;S of r:.o tor field current 

(d) 1o~5 of ,: i r flr:M 

(c) H.11. set r:ialfunctions 

Over speed 

Ovcrv-:il tagc 

Open-phase 

Too long to start 

Undervoltage 

(f) filter capacitor fuses open 

( g) chopper lod: up 

(h) dead man 

,....:·, 
( i ) brake loss (activatioii of PKO s1·1i tch) ~,, 
( . ) 
\J ?c~~ of !c5!c pC1:1cr 

( k) over ter.1pera tu re sensors 

( l ) undervoltage 3rd ra i 1 

(m) overvol tage 3rd ra i 1 

(n) reset trainline 

(o) fuse 

(26) Slip-slide 

.,I 
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s, S0AC System Test 

The system test setup was configured to represent the vehicle undercar area. 

The main frame was of steel"!"• 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 relative positions suspended 

from the steel frame. With this arrangement it was intended that the local 

fields due to the large reactors an? 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 to the traction motors were several times longer than those in the 

vehicle. 

A view looking into the test cell is shown in the photograph, figure sl-1. The 

suspended components sho,vn at the entrance are the PCU (on the right) and the 

chopper. (on the left). The two motors in the foreground were positioned here 

temporar i 1 y for pa rt of the Air Fl 01-1 test. 

The traction motors used for the system load w~re located outside the 

test cell housing the Propulsion Control components for safety reasons. 

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

Forced air cooling for the Traction Motors was supplied from an independent 

blower system. Each 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 S0AC wheel size and gear ratio 

(204000.]bs) consequently acceleration and deceleration times could not reflect 
I 

SOAC performance. 

SHEET 114 



FIGURE sl-1 

SHEET 115 



I 
' I .,/ - " i 

I 
l 

.. I I 
~ 

FIGUPF s1-?. 

SHEET 116 



1 - ., FIGURE s .. -

SHEET 117 



- 103 -

The SOAC brake grids were al so situated external to the test eel I and forced 

air cooling 1-1as applied because of the heating (1.8 megawatts peak). Repeated 

cycles of acceleration and dynamic braking causes these resi,stors to glow 

di visible red level. No att~mpt was 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 filte~ the Jet Pump, the 

Chopper, simulated center sill and flexible ducting to the motors. This 

setup was fed with a calibrated orifice section used to measure input air 

flow. The calibrated test section and blo·der used to compensate for test 

section pressure drop are shown in figure s2-l. The Input section to the 

filter (ahead of the fan) can be seen in fig~re s2-2, just behind the small 

manometer. The Chopper access door is the panel in the upper left of 

figure s2-2. 

The fol lowing pages ( /~6 through /2,0 ) are reduced data and analysis 

of the Air Flow Test. 

' 
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1972) 

This test was run to assess the performance of the air cooling system for 

the chopper .:inc.I tr.::iction rwtors at the tJo. 1 end (fro:it) of the S01\C cor. The 
. 5 2-.3. 

cooling system is 5hovrn in Figure A Air is taken in at the filter due to suction 

' . 
at the fan. A sma 11 amount of air is bled off to the jet pump ahead of the 

fan (filter scavenge fl 0\•11 Qs) and again downstream of the fan (primary flow, 

Q ). The bulk of the a i rf I 01-1 goes through the chopper (QCH) and ducting to the 
p 

two traction motors. A ca I i brated orifice was placed at the f i 1 ter air intake 

for total flo,, measurercents (C2,-). 

The analysis examines the various fl01-,s to see if adequate cooling flo1-1 is 

attained for the chcpper and the two traction motors. It also determines at 

what efficiency the "filter/jet pump" is operating. Finally, calculations are 

made to show ,..~at adjustme:its in flow should be made to attain acceptable over

all performance with adequate cooling flow and high fiiter efficiency. 

1,oc-f;,;,, 
Examination of the test data (see attached l.aboratory test log) sh01·1s that" 

motor rotational speed has I ittle effect on cooling flo,..,. This can be seen from 

the consistency of the readings in the calibrated orifice data (columns 10 and 

11, Page 
11
{) for d i_fferent _m_':'tor 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 m.:iss flov1 at cr:il ibr.:itcd orifice from Lab data sheet 

point 7 - columns 10, 12, 13 

Input (gage) pr.:!ssure = ·1.31" Hg (31.23" Hg abs) 

Temperature = 88°F 

LIP = 19. 15 "H 0 
2 

31 • .n_ 519 
= er = 29.92 X 460 + 88 

0.99 

• 99 X 19. 15 = 18.95 "H 0 
2 

• 

From orifi,:;e curve data (p. /20) the mass flow is determined to be 

187 lb/min. 

Calculate fan volumetric flo,-1 rate from data (?age//!,-) 
,1 I 

colL•mns 4 and 5 

Fan inlet pressure = -2.75 ''H20 gage 

F t 1 t +9 05 "H 0 an ou e pressure = • 2 gage 

AP == 

C1 = 
F 

11 c. "H 0 • ., 2 

4n6.8 - 2.1s 
406.8 

519 
X 460 + 88 = .945 

= 112 "HO • 2 (Note: 406.8 "H
2

0 = 29.92" Hg) 

Fan inlet air densit, = aF x .0765 = .0723 lb/ft
3 

Volumetric flo\'t rate = 

LC"IA""'"◄'-C... 1•'0• 11•1 

187 
.0723 

= ~ - 2560 CFM (neglectir.g 
scavenge flow) 
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S10G 2 (continu~d) 

Str.p 3 

Step 4 

Filter scavenge flow design point is 200 CFM 

Fan volumetric flm-, (1st approximation) i-s 2360 CFM (QF) 

Calculate fan total pressure rise and flQW velocity, go to fan 

performance curve ~age B-1) and enter curve at 2360 CFM 

ti.PT 

er F 
= 1 .. 9 "H 0 .,. . 2 

. 
tiPT = 13.9x.945 = 13.1 "H20 

Fan cross section area = 1.0 sq ft 
- i 

.. 
flow speed velocity = Volumetric flo1,1 rate 

A,rea 
= ~ _t_ = 39.3 ft/sec 

1.0 60 

Calculate fan static pressure rise and duct loss, go to velocity 

pressure conversion curve (Page //8) 

PV 
= 

crf 

.. Static pressure rise 

Duct entrance loss 

0.35 for 39.3 ft/s~c 

across fan = 13.t 

- ti. p rr.eas. 

0.35 (. 945) = 12.a 
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Step 6 
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Sumr:wrize pressure dops in syste,n ( 11 1120) 

Filter= P
2

- P
5 

= - .OS- {-2.75) = 2,7 

Duct entrance loss 

Fan pressure rise 

Duct expansion and turning = 
P - P = 9. 05 - 9. 05 
4 9 

Chopper p - p6 = ·9 

Duct to Motor No. 

Duct to Motor No. 1 
p -
9 PS 

Duct to Motor No. 2 
p6 - p7 

= 

= 

Motor 1 inlet to Atm 

9.05 - 8~ 15 

a. 15 6,;iO 

8. 15 • 5. 70 

P - P = 6,30 - 0 
8 0 

Motor 2 inlet to Atm 
P

7 
- PO = 5. 70 - 0 

= 1.0 

= 12.7 

% o.o 

= 0.9 

= 1. 85 

= 

• 

• 6.30 

= 

(Sec 1 ine 17 on data 5 z•;. 
sheet Page 1/5 and Figure ;. ) 

2.45 

5.70 

I 

Determine jet pump operating conditions, go to Page B-3 sho1r1ing jet 

pump performance curve (note switch in nomenclature) 

Nozzle pressure P
3 

(coloom 3 in data) is 7.55 "H20 and 

.6P
2 

on curve (Page //'J) = P3 - O.O 

,;R[SEI\RCH MANUFACll!RIP..G CCMPANY 
l,,M "'41t<OI'\. C.k"1•t1t .. 
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Step 6 (cor1tinucd) 

Step 7 

Pressure rise in scavenge path is At:m - P
1 

C1 
460. !1 + f .22_ 

460.13 
X 

' 519 
460 + 88 ~ 0•95 

= 1.96 = t:.P
1 

• 

:. from curve, volumetric flow = 147 CFM (Scavenge, Q.s) 

-and the jet nozzle flow 

Summarize flows. It will be noted that the approximation made in 

Step 2 was 200 CFM instead of 147 CMF but this results in less than 

2% error in fan pressure rise 

2650 CHI 

~an = 2560 - 147 = 2413 CFM. 

= 254 • 

= 2413 - 107 = 2306 CFM 
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SUMMARY OF OPEP.ATif!G FLCU CO:!OITIONS 

. Desi red Test 

Flow per motor 1000 CFM 1 i 50 CrM 
...... 

Jet Pump 

Nozzle J/15 107 

Scavenge 200 147 

Fan 2145 2413 
. 

. 

Conclusions 

Operzting characteristics of the system are quit~ close to the predict· 

levels. By orificing the motor outlets fer higher pressure drop (and bettc 

flow balance) total flo•d can be brought to the desired level of 1000 CFM fr 

each motor and this will" also increase the fan pressure rise so that the 
.. , 

....... ' 

pump ~1il l oper.ite nearer its nominal values, resulting in improved filtrat';' 

·the cooling air flow. 

.. 

. 
.,RESEASCH MINUfACTU~ING CO . .. PANY 

l.ot..,~c.i.,-.. 

• 
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ARTICL[ ON TCST SIN DATE. 

E.W,OIC ►IG[. NO. SUPP. t.n. 

l>ATA 
PIN 

., 
TECHNICIAN ___ SIIFET -~--

LOG 

.. -. ... --- -· -p;: ,,,, .s 
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P- 3 TtT R, ...... p H 19' H 

P- 4 i-AN ovT1-ET 

P- s F r<l .v 1111-ET 

P- G 
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C. Ho PP ER_ OuT1-.E-,-

{J- 7 Tl<AcT ION "°'c:,To~ "#'- I 

.. e- ;? TRAcT ION moTc,R 
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·o P- "1 ~Ho pp E"t-:?. IN ... t::--,-
' p. /0 0 ~ l="I C;. E" Ll p 

' f· I I o R F,&)c la H l':J H . 
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. 
•. 

\ 

~ 

~ 

•, 

0 
FIC. :;-.z-1 PACiE TIHE: 
~ 

' TOTAL TIME: SHE ET 128 
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• 
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Fan Heat Run 

The fan motor was run with its normal loading using the same equipment used 
~gefC7 

in the air flow test (see Fig. 52-.3,i ). After one hour's running, the fan was 

shut dovm and electrically disconnected 50 that one pair of terminals could be 

monitored for resistance change with respect to time after shutdown. The resuits 

of this test are sho~m in fig. SZ-JZ in terms of resistance and equivalent 

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

Ai rfl m-1 S1iitch (PN 684-0504-9001) 

Static tests with a water manometer were made on four units. The"switch on"' 

under slov1ly rising pressure occurred over· a range of 3.9 to 4. 1 inches of water. 

Starting from 5.0" H
2

0 and going do~m slowly the turn off range was 3.0 to 2. s" H
2

0. 

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

0.5" H
2

0 in place of the original 1.-5" H20 spread) 
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Traction Motor Cooling 

, 
Summarizing the data from the Air Flm·1 Test and from the Traction Motor heat 

run in Se,~ion "a " it is evident that adequate cooling capacity is a 1:ai lab le. 

Figure s2-/J is a block diagram of the elements contained in the S0AC car 

related to the front truck of the vehicle. This diagram shmvs the sea level 

test data for air flow. Motor test data for steady state full power operation 

is represented in Figure s2-J-'/-. It can be seen that the coo Ii ng sys tern capacity 

for pump_ing air exceeds that used in the motor heat run test by a 30% margin 

and, consequently, the motors will run cocler in the system than in the 

test setup. 

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 approxirnateiy 225°F and 

eventually rose, after shutdown, to 26O°F 

SHEET lVl 



- 124 -

JOl°r 

....--- - - -

h,ru/ 4,;,. 5,JJpl~ 

/33 lb/ ___ ..--_____ _ 
/M,1 

f85(), CF111) 

/t>tJOF 

.ex/I 

J/-5'r 
112.✓ . ) 
to~A• (23o 1/P 

,• - . 

. 
(/Ir 

SHEET 139 



- 12!5 -

Auxi 1 iary P01•1er 

The second phase of the system test was putting the Auxiliary Power Subsystem 

into operation. This consisted of: (1) checking out the DC supply which 

includes the transformer/rectifier (T/R), the battery charger and battery 

B + circuitry; (2) checking out the MA protective and control circuits 'tlithout 

600 VOC being present; (3) start and run the MA with no load using facility 

600 VOC and battery only for logic and B +: (4) add T/R load 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 recor~ shown in figures s3-J, s3- 2. , and s3-3 were run 

in September, after modification and is representativ~ of the subsystem 

performance in near final form~ 

Propulsion ~ontrol and Dynamic Braking 

The main propulsion control components P~U, Chopper and PPCU were individually 

checked and then coupled together for a preliminary system checkout. At 

this time no 600 VOC p01-1er was applied but a simulator was conrected which 

represented the drive system on the two trucks. The simulator modelled the 

traction motors in detail so that 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 large 

contactors v1ere 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 checkout with the Traction Motor Simulator, the test stand 

motors were coupled to the system and motor field control tests were made prior 

' to application of 600 VDC power. Then low RPM starts were made with 600V facility 

power applied. "l mid-Septembe·r 1972, the test stand was fully operative ar,d testing 

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

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 sealing of date. 

Figure s4-l shows a typical 101-J speed _drive/·)rake transition. Figure s4-2 

shows conditions during acceleration as motor passes through base speed (motor 

field current begins to decrease). Figure s4-3 sho-,,s a typical drive l)rake transition 

at 73 MPH (approximately 3900 RPM) 

Other tests completed <luring the later part of 1973 included:· speedometer 

calibration, speed limiting, Hostler control checkout, motor stability tests and 

maximum load cycling. System testing in the test cell was terminated in February 1973. 

SHEET 144 



,: 

~--------~-------:11330-

~: 

'~-~--, 
. ··---

' ~ -·-- -~ 

l'---=c 
~~~---~~- . :,~~l 
~~-~:-.. -
---- --'~- .:~ 

f '::.-=- =· i 
·1 :=_::~N' 
:~ 

'~~: 

r= 
:itr---iif :; 
I-fl~~,'{\~--;_:'.:/~ _, 

" ,, 
" " c, 
It 

" 
" • 

i I· I . 
( 

I 
·+ 

,1 

" " It ·. 

l 

-
--

·-·- --

-·=·--

;, I:: ; 
" I' 
" L. - . 

' . ' 

• I 

7 
1 
i s 
l 
l 
J 

SHEET 145 

; 

I 
I 

I 
' ' i . , 

i ): 
t~ 
t_-.._ 
} I 
'\" t V) 

i 
! 

' 



131 

-----~---------....... ---------~------· ..... --........ -,,....,,-, ...... ~------,,., ... ...,,..,__,..,._.,.. __ .... .., ________ _ 
I' 'I 

' 
; , 

1 I 

I " ; ! ' '' 

'11 
: t I 

i Ii 
t l 

I I 

a---------=---~·----·--::.--~,WrY,'1/,-.... .. ,_ .. ,,. .... ....,,_ ...... ___ .. .,. ___ .,_,... ___.....,..... .......... --... -.. ~ ... -----
, hnm //f · 

0 

I I I I 

I I 

__ ._--.:==-r·· ....... --~--c.:.~•,,1·(,'tr~ 
1 I , p , 1 I! t ', I I I 

1 
1 I , , / L , '1 ! t I,• 

Jlcrfiurl 5cdle· ; ' 
[ I i 1 

;:: J!., I 11 '. 'I I I 

• : 
'' I 

; i 

I• 

'' 

: ==...._,,,.....__ __...,_,...,.-.... _.,,. ___ ,..._ ---- -.... _______ , 
' 41,1 .f;!, ,, 

'I 

'I I I 

J/P :/If .. 

! I 

I. 
:-; 
: I• 

-•---' ----~----·-- ------~ .. ___ , - ·-· 

"" 11, :....~ --.:-, -= .·.• .. • • ., .. 4 ..... ,,,.~ ....... :~ -.,;..__.. _____ .......... - .. !"", _...,,. .. •• -._r-.1...-.- ■• 

---------......... ..,,,,,=,::,:::-:,=:::::=,::::::::;:::=::.-:_:::::.:-::.-:::::.::.".'. .• :'~:::::.:::,;--::.:::__.::::_:::~~.::-.:::;~::._:;::::;,__::---:: .• :'..:.::_::.::.:.,_:::_;-_-:.:: .. 

FIG. s4-Z 
SHEET 146 



13-2 -

! r: 

: I 

,• •· • e.~ -••••· .. ••-• ~• ••• •·• r •• .. ~- ,-,-,-. ., • • - ••• :----"' •--•-• ~-•-·., .... - • 

, . r ! 
''' 

ranttr ,:.a zsw:r: ,:cr;u:;rrsu,ne-2?1nszecr n u enm ::erew • 

SHEET 147 



... 

. -

en 
i:Il 
tr! 
ttJ 

· -i:r 

I-' 
,i:,. 
CX) 

r.:'-i -
: ~- -·,'.• A1ll ,M .. AMUfAC1UAIHC 0\Vl$10N 

. ·--~_j .. - . . 

..... I inAN~r>•1cri:t 

-iCiffi~ --F:CCClkO[O TffACE PARA.t.lETEJl: ,._ ..... , 
m·:; li:/reL 111 .. •mr 

MM I 5ET 1 ,,-T 5'0 /HC, 
MVOC 

,._,. 

---
I F1Ft.D I L HALL 2.,0 'iO 

SET vor ,v,,,,,, 
E_/£.t..l) I 

1/A/.I.. z.. 0 5c 
SEr z, _y_f)J;._ ~ 

---.__·Rem T 'ill1,1N'T !:i 0 /000 
SE_r_ z. MV ""'P 

t.loo . 8.4 'I . :!.So 

-le~;~--:E . _,,,~ -~ 
so ;o 
v~ lfp_J;.__ 

_I9~_A . ..t2E_SU 
/!,'O /~l:10 

Lil El..!.a tLll 

I<lli Q uf '!:E"T 
I 3 I<!, ,soo 

ZA l..Ll1l. 1£1~ --
' - ' , t3oo- boo 

P1£1..a E :SIT i -i·_..Y.D.C- .:t.1£. 
I 

:7F,t.LO '£'· SE7 2.__ 

, __ ., ___ 
±3tio + Jc,o 

--~}?.f,,_ - t/oc, 
ifoc, 

__ °hTII J. l1J1l~R '£. _ /!foo 
voe ye,,: . 

Pw,~E I. 
/Ito To~ -ff lo 'I 'loo 

SPEED I voe A,,;i 

lmoTo~ SfEE o # 2- Ao >J,C,o 
voe ~,,.,, 

J'/,?~R T',' PC: OSC1LLOC.Ht..;'H sen. NO 

PI.J-1£'.,"1 ~•"'i..."l.'.O CALVO LAMP VOLTAGl:'. 
T,I.A;~.G LH4LS ( ) 01 sec 

C )0 1 SCC 
( )1 0 !.iC 

'?J,-;;z.J-72. 

INSmU.'!.!:NT ;O-f!DING DATA 

Sr,":l • .l'l,L CONDITIONING 0:iCH.1,.0CRJ..PH I 

~ :~:: •:;..~:_=;:·,~1.:,::;. \,.::,;::., -:::-,--- ;,~:,'. i ·~"" l ';~,' ·~: ;::I' HtM,\;'MS ' I 
1•: ;lil •o,;if.,I \I~ ;1<), /.At,,,1. Ur.,l~/l.. ~I•.,•.•(;~ jjf~~,r"; o,io, , Ill''- 1QI .. 1 ol•I ,,1,.,, 

1 

1' ' o .... , I 

,- _I_ !'loo _2, __ '36~ 3-D __J..t!J41L ,_ ~-- ~ --- -- i 
-·· ,_,~7~.;;t~ .. 

3 ~D -¥.S I 

-- -.. 

"r ]~ 'I§_ ' :·, _?__ 3t:..t,t ' --
i 
I --- ·----- --- ·----

2 2-~ /0 __ 3_~ 5,(> 
; ., ! 

I 

------ So~ ---- ___ _I 

=J __ . _j_Q_ /IMP i'l.._ , • : I 1·"- I 

,-- --,. c:, ' // '10C. ?_o 3 t 7,.t; _ -----· 500 lPo 2.1.z. 
---·-·-

j__l. __ /!L.~ ~-'-. "l:L. ill_ I BL -

.!.!L 
500 ~o 

2..1,'2, U. ],l) 
. 

HJ,S. J:-4, ID_ --- - --

- . -12~ -·-
G» 

<ooo 
voe. 3,3 ~-

--- --- _____ _j . 

7 
t.,O O 

Z.1}~D-O ~'"'- c--- ' -- --
IC. 

,oo 
vot,__ !-~-~!, ~~ .. ~--- - ·--------

15 - . 

19 Z.ooo ;;~ //, 5 
. 

"'"- 3'-1/ 

2-o 
'2.ooo 3b 3 'f I 11· S If ~trs 

cwo ~ ... :.:~----
tr-..:~T~~;,__••.'.;::,,._"TA':".CN ;:;.:;:..;:. .;.::,_:-.;:.. ~~.:,:-..;;, 

UNIT T~CH:-.:::~\:,; __ 0·~:-L_ -----·-

--· '.I 
ENCH. ----------- ·---------· 

FTti, ss--1 

.-

I-' 
w 
w 



·" 

,-

Cl) • 
::i::· 
tr.I 
tr.I 

-t+ 
,_. 
~ 
ID 

~ ll•ESCAIIL AHUFACTU111NG DoVISIOM 
l..:.h . .":.i INSTRUMENT RE(' - 'DING DATA 

TRANS:>UCER SIGNAL cc,mmos1NG - oscrLLO<i~APH - I 
'
1".••l~-11 RtCOADED rnACE PAAAMETT" 1C~!,ll3 . ,, li-..i,iiil,..:;. •rr,11111r1;1 o••-u,.u -c ,tLora c.,u,.., '••ct •rr ,..,.~r • REMA1'K9' •· · "" , ·. •••er fl.A f. ,.,.L f~r,,,,. r•1,1 ~-.u t1• ,,. h••<1 I •- l,(f.>r.,.•1"°'" C:N .. a. • .. • 1,,..,~.o• 11r

0
,~':,!~l1t o,c~:,«c. o.u. ,,,., .1.1\t'.H,fllO u,.,,, I 

' 1 r,,c ,..- S -#.'/ Z. .-, loo / 7 ,tJ.. C Hoi','L. •< <> ,.., ,,,,,,=;_I 
i------r•,-Nt It;. . ---.!=_ __ ._!(Q.C. .• · ..,(,,/ 0, ~~'-

lo - ..,. - ', ... - - - ,, 2. 2-C. _y_p't_ 2 Jq,/ 0,6 ,:,..;;_, ..:. . . ~... ,., . ~i 
I ··I 3 Z.7 '~---- 3 3"Z. 0•8 r-, . .:; C:,N·.,-.e,. "'""•~1 

'I . Z. 5 1:~ 'I 3'-2. I ,o ~ c__.,.,' .~::. ,,,. 1'·; 
-- - --- -=- --- -·- -"'=-=--

- # l,SCX:::, l5"oa ~00 ,_ .. :: . ..,, r , . .1.· Cc ,.,, •. ,t.., 1 .,-_ ,) 
.~rRRE- H, Vol.T~ ___ I_ '(.2£_ vc,c.. _ 2.( 't'oc _;f_:l'-1....3..JL ,·-,·, -~ ... ,:·•;-~ 
1 

11 1~0-0 ,~·co 
3 

"oo _ ,- , ,-... - ,, ,. . ,·- .. ·. · 

~

jSPJ1~~---~b_Yp_1.T~--~ voe _~ot:. Z. ~ _'1 3r.,,, ].O <::·. _::_·.-;:.. · ·· 
-r:: (.,• t. 12 ooo JDC D 
tO~"!_~ __ !'J..9,_ID¥e I. ..,,.,,. "71P_ 5" A-.- ·- _7_ 3r..., J~-1--1 _ 
-r- -r· ~ "•'- 'l.OOo 2. IDOt> , tD[__"?_f__Sts- .- ,,,.,._ Aini' -- 'f An.. _Cf__ 3~'t o/'·S:1--

lh1 A •. !io Soo ., 1100 - ' 
1--- !:_t_r_, .. _o.c,_Itd.J!.L};._ -- /VlV "'1/P 1-.B' llo~ /0 :u.Lt '-/.:J , 

I · · / 0 5"0 o 1- 0 ' 
t- /IJII (Jf:1-,..) &ua I vg,_ M'IP Z., ~oc. I~ ~- 5,Q.1 , • 

! ' ' 7S"O 7S O 'fQ() T . ; C,gP 1319-¥,5 E voe.. ,ri,c 3 / v- IS 3Go'-' 5-o 
' '-r:: • , 7GO 150 3 · foloo ;,_ -
'----'.,!!T..,.l Sys , .J'Hf'i,7 £ V.",. vtY 2.. ~,.~ I u, 3 C. LJ :, • 0 , 
I .. I - !--, 

. j,N7,9 Qe;Tt"'e;T Flf'ED 3-=t :_,~ 2~ 3'1! ''-01 ~ so Soo 3 0014 ~ A OvTP,7i .I rz,,c -vP- ,__. 33 l.17 ;Eb.:;> 
' I T _,_ ,:o.., ht> ,, '3co14 

M(L Ou7fuT vi 6 ..._., ~ 3., 31 1, 6 -9, 
! £0,.,.,., 5<:>C .JCIOA ..:--- -- ' 

~L ()µT/tT .7 ¢ c_ ,e,,,s ,.,."' 3S 3'1- 3" 7. (;, _ 
I I 'I.S'D :Z./,0 ?,6QQ 
~ yt1 II Qtlf,,T l' {111..:JJ. v,- _._. 3 ~ _I_!_ 1J!.!:L ~ 5 __ 

•,-, SS"O z.ro 2.00 v ~ ' 
nJA,T 1: _ _g tJ·C _ _ ~-- ... - 3 7 '-I 7_ 3 4, !t_ =t, 7 . , 

~f:S_:[! 38' Zcov 45 '36'f //./ 
1 1 

1/!lA 
lM ,q ' 

fJv1f'uT ~-C-19 
P•?~~ T'r'?i ______ _ 

P~P~~ 5F[EO ______ _ 

T1Mif\.G Ll"-ES ( ) 0) SEC 
( )0 1 S!'.:C 
c u o s~c 

0$C1Ll0CRAPH ~ER. NO---------~-
GAL\.'0 LAMP VOLTAGE __________ ~_ 

'8"- 2.. I -:7 2. FI4.55-,z --

ewo ______________ _ 
lJNIT _______________ _ 

V,:Yi ~•-I -1 
lf.,tSTRUM~NTA.TtON "ECCHC!NG GllUu...i 
TECHN,CIAN _________ .:,1,, Tl ___ _ 

ENGq 

"'"" 

,_. 
w .,.. 



- 135 -

t. MA-SET (P/N 2014606) (DC-Motor and AC-Generutor with Exciter) 

Production Testing 

Each motor <1lternator set is subjected to the following production 
acceptance tests. 

A, DC-Motor B. AC-Generator 

I • Resistance of vlindings and polarity check I. Resistance of windings 
2. Seating of brush foces 2. 
3. No-load tests 3. No-load tests 
4. Over speed 4, Over speed 
5, Dielectric 5. Dielectric 
6. Commutation check 6. 
7. Black-band tests (1st unit only) 7. Load test 
B. Inspect a 11 er i tica 1 dimensions of set, 8. 

Development Testing 

One 11A~set will be utilized to perform the following development tests, 

A, 

I • 

DC-Motor 

No-Load Saturation 

Purpose 

The purpose of this test Is 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 P™er supply (Variac) or a starting 
transformer to limit the starting inertia current. The exciter field 
current shall be about 5 amperes at about 12 volts. 

Procedure 

A voltmeter is measuring the output voltage on the motor leads. 
A variable DC p01~er supply of 220'✓ 1 20 amperes provides the field 
power. 

Change field current of the motor 0-15-0 amperes in 1.5 ampere steps. 
Field current shall be adjusted increll6e only up to 15 ampere an'd 
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 

~onfi guration 

The DC-motor wi 11 be connected to a variable DC-p~1er supply of 
650 volts and about 250 amperes, the AC-generator wi 11 be connected 
to a 3 phase load bank ~1hich can absorb about 125 kw at 220 vol ts. 
Remove overspeed s1~i tch 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 c 314 amperes. Adjust motor 

/3 X 230 
field at the same ti111e to keep the speed of 1800 RPM constant. 

Record: Motor: Armature current: I, Armature voltage: E m m 
Field current: If, Field voltage: Ef 

Alternator: Alternator current: Ia, Alternator voltage: Ea 

Set: 

Efficiency: il = 

Overall Efficiency: 

Exciter current: le, Exciter voltage: Ee 

Speed: RPM 

/3 XI a 
x E x 100 

a 
x E • 

(excluding field power) 

il 
/3 x lax Ea x 100 . 

= (Im X Em)+ (If X Ef) +(le X Ee)~ 

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

3, Commutation Tests 

Purpose 

- 137 - • 

Verify the cornmutation characteristic of the DC..,;motor arc within the 
design limits. 

Start ard load the DC-motor as above but check commutation at the 
fol lowing 1 oad points. 

Vol ts Amps RPM Load 

a. 650 230 1800 Ruted 
b. 750 200 1800 Rated 
c. 750 200 1800 Rated 
d. 550 270 1800 Rated 
e, 400 270 1800 72° Lo 
f. 650 290 1800 125° Lo 

4. Heat Run 

Purpose_ 

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

Conf i 9ura ti on 

Same as in Tests 2 and 3, Install thermoindicators in the motor at 
the mainpole coil, lnterpole 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 oil 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, 
measur~ :he 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 bet\'1een 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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t. MA-SET (Contd.) 

is not more than 2°c at any of the test points, Measure 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: 

tf "' Final temperature in °c 

t. = Ir,itial temperature 
I 

Rf = Final winding resistance in Ohms 

R
1 

= Initial winding resistance in Ohms 

In the above tests the temperature shall not exceed 180°c. 

5. 2.Y.£.rspeed 

Purpose 

6, 

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

Confi 9ura tion 

Mount overspeed switch to the MA-set an:! connect the normally closed 
switch to a lamp and a 120 VAC p~~er 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 1-,1ith 
windings disconnected. 
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t. MA-SET (Contd.) 

Procedure 

Test the power circuit of the motor with a voltage of 2700 Vf,C, 60 Hz 
between windings and frame. The shunt field with a voltage of 2000 VAC 
60 Hz. The alternator stator winding with 1500 VAC, 60 Hz. The 
exciter circu,ts, after short circuiting the diodes with 600 VAC, 
60 Hz. All 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. 

7. Vibration and Shock 

Purpose 

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

Configuration 

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 condition, 
drive the input fixture and scan for resonances in the 20 ~r 150 Hz 
region. Any resonances in the 80 to ~50 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. 

8. 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 RPM. 

Procedure 

Record audible noise levels on a broadband noise level meter "C" 
scale. Recordings will be taken at a distance of 15 ft at laterill 
and longitudinal direction. 

As a design goal, a noise level of 85 db maximum (reference 0,0002 
mlcrob,,r). wi 11 ·be recorded. 
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MA-SET (Contd.) 

9, Black Band Test (First unit only) 

Purpose 

To set the right lnterpolc strength by adjusting the interpolc ;:iir gap. 

Configurution 

The DC-motor will be loaded by the alternator, 

Procedur,:, 

Note: A buck-boost circuit at the interpole circuit will be required 
for this test. 

Supply 650 volts motor input voltage. Adjust field current as 
required throughout the test to provide a set-speed 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 1 
visible sparking occurs, Record output voltage field current, boost 
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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t. MA Set Development Tests 

I. Motor No load Saturation 

The data for this test is 'giv~n for unit SN52-D3 in Figure tl-1(4) 

2. Efficien~y of the MA Set 

The efficiency as defined by Watts ~ut~AC) x 100 
Watts In DC 

is given by the expression "3Ecj, I; x I 00 i I "' to an accuracy of 1/, a rm a rrrJ 

approximately +1% at full load since the exciter and the motor field power 

input is less than a kilowatt. 

For S0AC the nominal maximum operating load is a~out 1/2 the rating of 

this unit and therefore excitation and field contribute about -2% to t~e 

efficiency 

7MA =[.Bx /:JS: x12I. xioa/ctso,x 70.)]-z. = 8J-~ ;t 

as taken from the fourth line of data in figure tl-1(3) 

3. Commutation tests 

From the last row o-f data in figure tl-1(3) there is no sparking throughout 

the input power range from 6.5 KW to 270 KW. 

4. Heat Run 

The heat run test data for a nominal maximum power input of 125 KW is shown 

in figure t4-I. This unit has its own self contained air filter and 

blower for cooling. 

5. 0verspeed 

The overspeed(+zo%) test data is shown on figure tl-1(5). 

6. Dielectric 

The test data for Hi-Pot is also sho"'n on figure tl-1{5). 
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MA SET DEVELOPMENT TESTS (continued 

7. Vibration and Shock 

These tests were not run ' 

8. Noise 

This test was not run 

9. Black Band 

This test was run on the tract ion motors. Due to the 1 im i ted 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-l 
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TRUCK FRI,ME S'I'A'fIC TEST 
FOUR WdEE L MOTOR 'I'RUCK 
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S.O.A.C. 
TRUCK FRAME STATIC TEST 
FOUR WHf,EL MOTOR TRUCK 

TEST REPORT T-34701-1 

Introduction: 

July 10, 1972 

This'static test was conducted on the s.o.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 t~e ~ide 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 obtain 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 tha Castings Division. 

The maximum recorded stresses for the test under the 
agreed upon loading c9nditions were: 
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T-34701-1 - 2 -

Loading Condition 

ver-tical Load 

- Lateral 1;,oad 
Applied to 
Serial Side 

With Tie Bars 

Loose Tie Bars 

With Tie Bars 

Loose Tie Bars 

Lateral Load With Tie Bars 
Applied to 
Non-serial Side Loose Tie Bars 

outward With Tie Bars 
Longitudinal 
Load µoose Tie Bars 

Downward vertical 
Load .on Motor 
Mount 

upward vertical 
Load on Motor 
Mount 

Lateral Load on 
Motor Mount 
Toward Non-Serial Side 

Lateral Load on 
Motor Mount 
Toward Serial Side 

Personnel: 

July 10, 19i2 

Applied 
Load 
Lbs. 

47,760 

47,760 

7,164 

7,164 

7,164 

7,164 

24,500 

24,500 

10,351 
17,811 
24,137 

10,351 
17,811 
24,137 

' 

11,600 

6,720 

11,600 

Max. Recorded Stress 
1000 P.S.I. 

Ten. 

+14.l 

+15.0 

+2.7 

+2.7 

+2 .1 

+2. l 

+4.8 

+9.3 

+4.8 
+a.4 
+11.3 

+18.6 
+32.l 
+43.8 

-17.0 

-20.8 

-13 .s 

-23.4 

Comp. 

-16. l 

-16.1 

-1.8 

-1.8 

-2.7 

-2.7 

0 

0 

-15.9 
-27.3 
-37.2 

-5.4 
-9.6 
-12.9 

+14.7 

+25.5 

+12.3 

+21.3 

Present for the Stresscoat test were: 

Messrs. R. w. Moore 
G. C. Krause 
T. M. Herbert 

GSI Castings Division 
GSI Castings Division 
GSI Castings Division 
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T-34701-1 - 3 - July 10, 1972 

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. Brinson St. Louis Car (part time) 
D. G. K. Wilmot GSI (part time) 
K. E. Spencer ··GSI 
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: 
I 

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. 

Stres~coat indications were developed at looations 
given in Table 1 and shown on Photographs 4 thru 11 and SG 34701. 

points and 
tribution. 

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

See SG 34701 for strain gage locations. 

B. Instrumentation 

Except for strain gages 5, 6, 8, 9, 18, 18S, 37 and 
378 which were SR-4 one-half inch gage length type A-5-S6 and 
rosettes 56, 56S and 57S.whic!-t were M-M rectangular rosettes 
type EA-06-125RA-120, all strain gages were SR-4 one-eighth 
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T-34701-1 .. 4 - July 10, 19'72 

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 loa~ 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 applied to 
the truck frame: 

Loading Condition 

vertical. load applied equally 
on two side bearers (total). 
(See Photograph 12 for test 
setup). 

Lateral load applied at the 
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 
to each axle (See Photograph 15 
for load application and 
Photograph 16 for load reaction). 

vertical downward load applied on 
each motor mount (S~e Photograph 
17 for test setup}. 

; 
Load for Stress 
Determination 

Lbs. 

47,760 

7,164 

24,500 

10,351 
17,811 
24,137 

Maximum 
Applied 

tbs. 

74,000 

20,000 

30,000 

25,000 
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T-34701-1 - 5 - July 10, 1972 

Load for Stress Maximum Load 
Deterrnina tion Applied 

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, 
dwnrny axles & dummy boxes. The dummy axles were supported by 
stands at each end. These stands were located equidistant 
from the centerline of the journal. Side bearing pads and a 
dummy bolster were used for vertical load applications to the 
truck frame. All :J.oad,s 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 15¾ 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 Photograph 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 
b~acket 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 lbs. was applied thru a rubber pad to t:he 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 set_up. 

The lateral motor mount bracket load of 11,600 lbs. 
was applied thru a rubber pad to each motor mount bracket. The 
load (23,200 lbs) 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 tor 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. 

t 
Photographs 4 thru 11 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. cicles 

6 
Condition 11 10,351# 11,600# 106 
Condition 12 17 ,811# 6,722# 10 
Condition 13 17, 811# 11,600# 10 
Condition 14 24,137# 6,722# 10 

Due to the fact that this truck has primary springing, 
it is very doubtful that the 17,811# vertical force generated 
by a 15G vertical acceleration or the 11,600# lateral force 
generated by a l0G 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. 

Attachments 
TMH:,jml 

T, m. ~ 
T. M. Herbert 
E~gineer of Tests 
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SG 34701 

TABLE 1 

LIST OF AT'rACHMENTS 

LOCATION AND NUMBERS OF STRAIN GAGES ON THE TRUCK FRAME. 

RECORDED STRESSES IN THE TRUCK FRAME FOR DESIGNATED 
LOAD CONDITIONS. 

TABLE 2 EVALUATION OF ROSETTES ON THE TRUCK FRAME FOR 
DESIGNATED LOAD CONDITIONS • 

. SKETCH A AVERAGE CHEVRON DEFLECTION VS. VERTICAL LOAD. 

PHOTOGRAPH 1 STRESSCOAT AREA OF THE TOP SIDE OF THE TRUCK FRAME. 

PHOTOGRAPH 2 STRESSCOAT AREA OF THE BOTTOM SIDE OF THE TRUCK FRA¥.E. 

PHOTOGRAPH 3 STRESSCOAT AREA OF THE REVISION TO THE TRUCK FRAME 
IN THE AREA OF THE SIDE BEARER. 

PHOTOGRAPH 4 STRESSCOAT INDICATIONS IN THE SIDE WALL OF THE 
WHEELPIECE UNDER VERTICAL OVER LOAD. ROSETTES 56 
AND 56S WERE PLACED AT THESE INDICATIONS. 

PHOTOGRAPH 5 

PHOTOGRAPH 6 

PHOTOGRAPH 7 

PHOTOGRAPH 8 

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, 19S, 20S, 21S, 22S, 23S, 24S, 25S, 26S, 27S, 
28S, 45S 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 44S 
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. 

STRESSCOAT INDICATIONS IN MCYI'OR MOUNT BRACKET UNDER 
VERTICAL MOTOR MOUNT LOAD. STRAIN GAGES 16 AND 17 
WERE PLACED AT THESE INDICATIONS. 

PHOTOGRAPH 9 STRESSCOAT INDICATIONS IN MOTOR MOUNT BRACKET UNDER 
VERTICAL MOTOR MOUNT LOAD. STRAIN GAGES 11 AND 12 
WERE PLACED AT THESE INDICATIONS. 

T-34701-1 
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LIST OF ATTACHMENTS (continued) 

PHOTOGRAPH 10 STRESSCOAT INDICATIONS IN MOTOR MOUNT BRACKET UNDER 
VERTICAL MOTOR MOUNT LOAD. STRAIN GAGES 50 AND 51 WERE 
PIACED AT THESE INDICATIONS. 

PHOTOGRAPH 11 STRESSCOAT INDICATIONS IN MOTOR MOUNT BRACKET UNDER 
LATERAL LOAD. STRAIN GAGES 13, 14, 52 AND 54 WERE 
PIACED AT THESE INDICATIONS. 

PHOTOGRAPH 12 VERTICAL LOAD TEST SETUP. LOAD APPLIED TO DUMMY 
BOLSTER AND REACTED BY DUMMY AXLES. 

PHOTOGRAPH 13 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. 

PHOTOGRAPH 14 LATERAL LOAD REACTION AT THE ENDS OF THE AXLE. SEE 
PHOTOGRAPH 13 FOR LOAD APPLICATION. 

PHOTOGRAPH 15 LONGITUDINAL LOAD APPLICATION AT THE ~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. 

PHOTOGRAPH 16 LONGITUDINAL LOAD REACTION AT THE CENTERLINE OF AXLE. 
SEE PHOTOGRAPH 15 FOR LOAD APPLICATION. 

PHOTOGRAPH 17 VERTICAL DOWNWARD LOAD MOTOR MOUNT TEST SETUP. BOTH 
MOTOR MOUNTS WERE LOADED. REACTION TO THESE LOADS 
IS AT THE AXLES. 

PHOTOGRAPH 18 VERTICAL UPWARD MOTOR MOUNT TEST SETUP. ONE MOTOR 
MOUNT WAS LOADED. REACTION IS AT SIDE BEARERS AND AXLES. 

PHOTOGRAPH 19 LATERAL LOAD TEST SETUP. LOAD IS APPLIED TO BOTH MOTOR 
MOUNTS AND REACTED AT THE CENTERLINE OF THE TRUCK FRAME. 
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Gage 
No~ 

5 
6 
8 
9 

10 

11 * 
12 * 
13 * 
14 * 
16 * 
17 * 
18 
18S 
19 * 
19S* 
20 * 
20S* 
21 * 
21S* 
22 * 
22S* 
23 * 
23S* 
24 * 
24S* 
25 * 
255* 
26 
26S* 
27 * 
27S* 
28 * 
28S* 
30 
30S 
31 
JlS 

Stress due to a 
vertical Load of 
47,76Dlt total 
applied equally at 
~hj:__J!ide_bearers 

Tie Bars Tie Bars 
Torqued Loose 
to 30 ft. 
Lb. 

-2.4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+3.8 
+4.8 
+4.4 
+6.3 
+4.2 
+7.8 
+6.3 
+6.0 
+5.6 
B.O. 
+7.8 
+7 .5 
+7.2 
+7.8 
+5.9 
+6.6 
0 
+3.3 
0 
+2.7 

N.R. 

+7.8 
-+8.9 
-+8.l 
+6.9 
+10.1 
+14.4 
+9.9 
+13.8 
+8.l 
+15.0 
+11.0 
+10.8 
+ll.6 
B.O. 
+11.4 
+11.6 
+12,0 
+13.l 
+11.4 
+12.0 
0 
0 
0 
0 

TABLE I 

s.o.A.c. TRUCK FRAME s·rRESSES UNDER DESIGN LQ.l\DIN(l CONDITIONS - PATTERN NO. 34701 SERIAL NO. l CAST DATE 3-72 

- DESIGNATES COMPRESSION STRESSES 

Stress due to a 
Lateral Load of 
7164# applied to 
the serial no. side 
of the truck 

Tie Bars Tie Bars 
Torqued Loose 
to 30 ft. 
Lb, 

+1.2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ~ 

0 
0 
+1.2 
+1.2 
-1.2 
-0.9 
-1.5 
-1.5 
+1.s 
+1.2 
0 
B.O. 
-1.2 
-1.2 
0 
0 
0 
0 
0 
0 
0 
0 

+l.2 
0 
0 
0 
0 
0 
N.R. 

t 
0 
0 
a 
a 
0 
0 
0 
+1.2 
0 
-1.2 
-1.2 
-1.5 
-1.8 
+1.2 
+l.2 
0 
B.O. 
-1.2 
-0.9 
0 
0 
a 
0 
0 
0 
0 
0 

stress due to a 
Lateral Load -of 
7164# applied to 
non-serial no. side 
_of the_ tr:-_u_ck 

Tie Bars 
Torqued 
to 30 ft. 
Lb~ 

-1.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-1.2 
0 
+l.2 
0 
+1.5 
+1.2 
-1.5 
-1.4 
0 
a.o. 
+l.l 
0 
0 
Q 
0 
0 
0 
0 
0 
0 

Tie Bars 
Loose 

N.R. 

0 
0 
0 
0 
-1.2 
0 
+1.2 
+o.9 
+l.2 
+l.2 
-2.4 
-1.2 
-1.2 
B.O. 
+l.2 
0 
-1.2 
0 
0 
0 
0 
0 
0 
0 

+ DESIGNATES TENSION STRESSES 

stress due to an 
Outward Longitudinal 
Load of 24,500# per 
Axle 

Tie Bars 
Torqued 
to 30 ft. 
Lb, 

a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
a 
+l.O 
+l.2 
+l.2 
+l.8 
+3.0 
+2.2 
+2.6 
+1.6 
+2.1 
+1.4 
+2.1 
+l.0 
B.-0. 
+o.4 
+0.9 
+2.4 
+2.6 
+2.2 
+2.1 
0 
+2.2 
0 
+l.2 

Tie Bars 
Loose 

N.R. 

+5.4 
+7.5 
-t-6.0 
+6.0 
+4.8 
+9.3 
+5.4 
-+8.3 
+4.5 
+7.1 
+5.o 
+6.0 
+3.3 
B.O. 
+3.6 
+3.8 
+5.l 
+6.0 
+5.1 
+5.7 
0 
0 
0 
0 

Stress due to a 
vertical Downward 
LOad applied to 
Motor Mount Bracket 
as s2eci_f_~ed below 

10,351# 17,811# 24,137# 

+l.5 
0 
0 
-f-0.9 
+l.l 
-15.9 
-12.0 
+o.9 
-t-0. 6 
-9.2 
-9.2 
■.R. 

+2. 7 
0 
0 
+1.5 
+1.5 
-27 .3 
-20.1 
+1.8 
+1.2 
-15.5 
-15.5 
N.R. 

+3.9 
0 
0 
+l.8 
+2.l 
-37,2 
-27.3 
+2.4 
+1.5 
-21.0 
-21.0 
N.R. 

l 

STRESS IN 1000 PSI 

Stress due to a vertical 
upward Load applied to 
the motor mount bracket 
as specified below 

10,351# 

-2.7 
0 
0 

+.1.8 
-1.2 
+18.6 
+ll.6 
-1.2 
0 
+9.0 
+8.9 
!il.R. 

17 ,811,t 

-4.5 
0 
0 
+3.0 
-1.B 
+32.1 
+20.l 
-2.1 
0 
+15.3 
+15.0 
N.R. 

24, 137# 

-6.l 
0 
0 
+4.0 
-2.4 
+43.8 
+27.0 
-2.7 
0 
+20.8 
+20.4 
N.R. 

stress dae to a Lateral 
Load applied to the motor 
mount bracket as specified 
below. Lateral Load toward 
non-serial side of truck 

6,720# 

0 
0 
-4.6 
+l. 
-6 •. 
-s.o 
0 
+5.4 
-9.6 
II 
+l.S 
lf.R. 

ll, 600# 

0 
0 
-8.1 
+1.6 
-10.a 
-B.6 
0 
+9.3 
-16.S 
0 
+2.7 
N.R. 

I 

'-1/ 

Stress due to a Lateral 
Load applied to the motor 
mount bracket as specified 
below. Lateral load toward 
serial side of truck 

6,720# 

-0.8 
0 
+4.8 
-1.5 
+7.2 
+5.l 
0 
B.O. 
+9.0 
0 
-1.7 
N.R. 

11,600# 

1.2 
0 
+9.3 
-2.6 
+12.3 
-+8.7 
0 
B.O. 
+15.6 
0 
-2.9 
N.R. 

TABLE I 

Page l 

Page 1 

SHEET 185/186 





Gage 
!!l_Q_, 

32 
325 
33 
335 
35 
355 
36 
36S 
37 
375 
38 
38S 
39 * 
39S* 
40 
40S 
41 
41S 
42 
43 
435 
44 * 
445* 
45 * 
45S* 
46 * 
465* 
47 
47S 
46 
48S 
49 
49S 

Stress due to a 
Vertical Load of 
47,760# total 
applied equally at 
the side bearers 

Tie aars 
Torqued 
to 30 ft. 
Lb, 

+2.4 
+3.0 
0 
0 

l-F14-.,_!J 
+11.9 
-3.6 
-6.9 
+4.B 
+5.1 
+10.2 
+10.8 

L-1s.o) 
~ 
+14.l 
+8.6 
-6.0 
-6.5 
-3.9 
-4.8 
-6.3 
-14.6 
-16.1 
+3.3 
+3.6 
+3.5 
+3.9 
+4.6 
+6.3 
+7.3 
+8.3 
+5.1 
+3.9 

Tie Bars 
Loose 

0 
0 
0 
0 
N.R. 

+9.6 
+10.8 
+10.1 
+12.5 
-1.B 
-2.7 
0 
0 
N.R. 

~ 

T A B L E I (Page 2) 

s.o.A.C. TRUCK FRAME STRESSES UNDER DESIGN LOADING CONDITIONS PATTERN NO. 34701 SERIAL NO. 1 CAST DATE 3-72 

- DESIGNATES CCMPRESSION STRESSES + DESIGNATES TENSION STRESSES 

ue to a 
Lateral Load of 
7164# applied to 
the serial no. side 
of the truck 

Tie Bars 
Torqued 
to 30 ft. 
Lb, 

0 
0 
0 
0 
+l.B 
+1.2 
+o.9 
+LS 
0 
0 
0 
0 
+2.4 
+2.4 
+2.1 
+1.2 
+2.1 
+2.1 
0 
-1.s 
-1.5 
+1.2 
+l.2 
0 
0 
0 
0 
0 
0 
0 
0 
-1.2 
-1.2 

Tie Bars 
Loose 

0 
0 
0 
0 
N.R. 
N.R. 
+o.9 
+1.5 
N.R. 
N.R. 

J 
+2.4 
+2.4 
N.R. 
N.R, 
+2.1 
N.R. 
0 
-1.s 
N.R. 
+1.2 
+1.2 
0 
0 
0 
0 
0 
0 
0 
0 
-1..2 
-1.2 

Stress Cue to a 
Lateral Load of 
7164# applied to 
non-serial no. side 
of the truck 

Tie Bars 
Torqued 
to 30 ft. 
Lb_._ 

0 
0 
0 
0 
-1.2 
-0.9 
0 
-1.4 
0 
0 
0 
0 
-2.7 
-2.3 
-1.2 
0 
-2.6 
-1.8 
-1.2 
+2.1 
+1.S 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+1.2 
+1.2 

Tie Bars 
Loose 

0 
0 
0 
0 
N.R. 

0 
0 
0 
0 
0 
0 
0 
0 
11.a. 
~-

Stress d·J.e to an 
Outward ~ongitudinal 
Load of 24,500# per 
Axle 

Stress due to a 
Vertical Downward 
Load applied to 
Motor Mount Bracket 
as s~cified below 

Tie Bara 
Torqued 
to 30 ft. 
IJ)_._ 

Tie Bars 10,351# 17,811# 24,137# 
Loose 

+1.2 
+2.1 
0 
0 
0 
0 
0 
+1.5 
0 
0 
0 
0 
+2.0 
+2.7 
0 
0 
+1.2 
+1.5 
0 
+l.8 
+l.S 
0 
+o.9 
+1.8 
+1.8 
+2.1 
+2.6 
+4.l 
+4.8 
+4.2 
+4.3 
0 
0 

0 
0 
0 
0 
N.R. 

+S.4 
+7.1 
+5.7 
+7.8 
H.R. 

1 

N.R. N.R. N.R. 

',I,-" w w 

STRESS IN 1000 PSI 

Stress due to a vertical 
Upward Load applied to 
the motor mount bracket 
as specified below 

10, 351# 17,811# 24,137# 

N.R. N.R. N.R. 

w 

Stress due to a Lateral 
r.oad applied to the motor 
mount bracket as specified 
below. Late,al Load toward 
oop-serial side of truck 

6,720# 11,600# 

H.R. N.R. 

Stress due to a Lateral 
Load applied to the motor 
moW1t bracket as specified 
below. Lateral load towa~d 
serial side of truck 

6, 720# 11,600# 

N.R. N.R. 

TABLE I Page 2 
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Gage 
N_o, 

so* 
51 * 
52 * 
53 
54 * 
55 
55S 

T A B L E I (Page 3) 

s.o.A.C. TRI/CK FRAME STRESSES UNDER DESIGN LO.'\DING CONDITIONS PATTERN NO. 34 701 SERIAL NO. l CAST DATE 3-72 

- DESIGNATES CCMPRESSION STRESSES 

Stress due to a 
vertical Load of 
47,760ft total 
applied equally at 
the side bearers 

Tie Bars Tie Bars 
Torqued Loose 
to 30 ft. 
Lb. 

0 N.R. 
0 

l 0 
+3.3 
0 
-6.9 
-12.8 

Note, 

Stress due to a 
Late,:al Load of 
7164# applied to 
the serial no. side 
of t_he truck 

Tie Bars Tie Bars 
Torqued Loose 
to 30 ft. 
L~--~~ 

0 0 
0 0 
0 0 
-1.2 -1.2 
0 0 
+1.2 +l.2 
+2. 7 N.R. 

B.O. - Bad Order Strain Gage 

N.R. - Not Recorded 

Stress due to a 
Lateral Load of 
7164# applied to 
non-serial no. side 
of the truck 

Tie Bars Tie Bars 
Torqued Loose 
to 30 ft. 
Lb. 

0 N.R. 
0 

l 0 
0 
0 
-1.5 
-2.6 

+ DESIGNATES TENSION STRESSES 

Stress -::.ue to an 
OUtwarci. Longitudinal 
Load of 24, 500# per 
Axle 

Stress due to a 
vertical Downward 
Load applied to 
Motor Mount Bracket 
as SE§!.Cified below 

Tie Bars Tie Bars 10,351# 17,811# 24,137# 
Torqued Loose 
to 30 ft, 
Lb. 

0 N.R. -6.3 -10.8 -14.7 
0 

1 
-8.3 -14.0 -1B.9 

0 +2.1 +3.6 +4.8 
0 -6.3 -10.8 -14.7 
0 +4.8 +8.4 +11.3 
+o.9 N.R. l!I. R. N.R. 
+2.1 N.R. N.R. N.R. 

* - Stresscoat indications at these strain gage locations 

STRESS IN 1000 PSI 

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

10, 351# 17, 811# 24, 137ft 

+6.9 +11. 7 +15.9 
+9.3 +16.l +21.9 
-2.7 -4.5 -6.3 
+l.2 +2.1 +3.0 
-5.4 -9.6 -12. 9 
N.R. l!I.R. N.R. 
N.R. l!I.R, N,R. 

Stress due to a Lateral 
Lo~d applied to the motor.· 
mount br3cket as specifie:d 
below. Lateral Load toward 
_n.oP_-serj_'.3. __ l,_ side of truck 

6,720# 11,600# 

0 0 
0 0 
+14. 7 +25.5 
-6.0 -10.2 
-12.0 -20.8 
l!T.R. N.R. 
l!T.R. l!I.R. 

Stress due to a Lateral 
Load applied to the motor 
moW1t bracket as specified 
below. Lateral load toward 
serial side of truck 

6, 720# 11,600# 

0 0 
-0.6 -0.9 
-13. 5 -23.4 
+l.8 +3.3 
+12,3 +21.3 
N.R. N,R. 
l!T .R. N.R. 
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s.o.A.C. TRUCK FRAME 

TABLE 2 

PATTERN NO. 34701 SERIAL NO. l CAST DATE 3-72 

EVALUATION OF ROSETTES UNDER DESIGN LOADING CONDITIONS 
STRESS IN 1000 PSI + DESIGNATES TENSION - DESIGNATES COMPRESSION 

LOAD CONDITION 

Stress due to a vertical 
load of 47,750# total 
applied equally to the 
side bearers 

Stress due to an 
outward longitudina~ 
load of 24,500# per 
axle 

Stress due to a lateral 
load of 7,164# applied 
to the non-serial no. 
side of the truck 

Stress due to lat.eral 
load of 7,164# applied 
to serial no. side 
of the truck 

RECORDED VALUES 

. /' 10-6 
in in x 

Gage 56a Gage 56b Gag:e 56c 
+105 +410 +160 
Gage 56Sa Gage 56Sb Gage 56Sc 

0 +250 +150 
Gage 573a Gage 57Sb Gage 575c 

MAJOR 
VALUE 

+12.1 

+ 7.6 

+205 +320 -30 + 9.8 

Gag:e 56a Gage 56b Gag_e 56c 
0 -50 0 

Gage 56Sa Gage 56Sb Gage 56Sc 
0 -60 -30 

Gage 57Sa Gage 57Sb Gage 57Sc 

+1.2 

+0.4 

-50 -75 0 +0.2 

Gage 56a Gage 56b Gage 56c 
-60 0 -15 
Gage 56Sa Gage 56Sb Gage 56Sc 
-30 +20 0 
Gage 57Sa Gage 57Sb Gage 57Sc 
+15 +20 -40 

Gage 56a Gage 56b Gage 56c 
+45 0 +15 
Gage 56Sa Gage 56Sb Gage 56Sc 
+40 -15 -15 
Gage 57Sa Gage 57Sb Gage 57Sc 

-0.6 

0 

+0.4 

, +2 .o 

+1.5 

-15 -15 +30 +1.1 

NOTE: Angle measured counter-clockwise from Strain Gage B 
T-34701-1 

STRESS 
AXIS· 

2.8° 

168.4° 

13.4° 

0 
90 

0 
80.8 

0 
13.2 

0 
-15.4 

0 
168.4 

0 
20.1 

0 
17.5 

67.5° 

17.5° 

MINOR 
VALUE 

-0.8 

-1. 2 

-2.2 

-1.2 

-1. 7 

-2.4 

-2.6 

-1.3 

-1.5 

+0.5 

-0.4 

-0.4 

STRESS 
AXIS 

92.8° 

0 
78.4 

0 
103.4 

00 

0 
170.8 

103.2° 

105.4° 

78.4° 

110.1° 

107.5° 

157.5° 

0 
107.5 
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S'l'RESSCOAT AREA OF THE BOTTCM SIDE OF THE 'rRUCK FRAME 

T-34701-1 PHOTOGRAPH 2 
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STRESSCOAT AREA OF THE REVISION TO THE TRUCK FR}\ME IN 
THE AREA OF THE SIDE BEARER. 
T-34701-1 PHOTOGRAPH 3 
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STRESSCOAT INDICATIONS IN THE SIPE WALL OF THE WHEELPIECE 
UNDER VERTICAL. OVER-u:»\D. ROSE'i'TES 56 AND 56S WERE PIJ\CED 
AT THESE INDICATIONS. 
T-34701-1 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, 
19S, 20S, 21S, 22S, 23S, 24S, 25S, 26S, 27S, 28S, 45S 
AND 46S WERE PIACED AT THESE INDICATIONS. 
T-34701-1 PHOTOGRAPH 5 
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STRESSCOAT INDICATIONS Ill THE AREA OF THE SIDE BEARER 
UNDER VERTICAL OVER-La\D. 'l'HIS AREA WAS GROUND TO INCREASE 
THE RADIUS AND STRAIN GAGES 44 AND 445 WERE PIACED AT THESE 
INDICATIONS. 
T-34701-1 PHOTOGRAPH 6 



ST:IBSSCOAT INDICATIONS IN THE TOP OF THE WHEELPIECE UNDER 
VEs{TICAL OVER-LOAD INBOARD OP THE BRAKE BRACKET. STRAIN 
GAGES 39 AND 39S WERE PLACED AT THESE IN'DICATIC&S. 
T-34701-1 PHO'l'OGRAPH 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 
INDICA'l'IONS. 
T-347O1-1 PHOTOORAPH 8 
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STRBSSCOAT INDICATIONS IN MOTOR MOUNT BRACKET UNDER VERTICAL 
MOTOR MOUNT LOAD. STRAIN GAGBS 11 AND 12 WBRB PLACED AT TIIBSB 
INDICATIONS. 
T-34701-1 PHOTOGRAPH 9 
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STRESSC:OAT INDlCATIONS IN MOTOR MOUNT BRACKET U.t-JDj:R Vr::~T,c;.I\] 
MOTOR ~10UNT LOAD, STRAIN GAGES 50 Al\'D 51 WERE PL:\C1ID fl,T THESE 
INDICATIONS. 
T-34701-1 l'H)TOGRAPH l(J 



STRESSCOAT INDICATIONS lN MOTOR MOUNT BRACKET UNDER LATERAL LOAD. 
STRAIN GAGES 13, 14, 52 AND 54 WERE PLACED AT THESE IND£CATTONS, 
T-34701-1 PHOTOGRAPH 11 
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VERTICAL LOAD TEST SETUP. LOAD APPLIED TO DUMMY BOLSTER AND 
REACTED BY DUMMY AXLES. 
T-3470l-l PHOTOGRAPH 12 
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LATERAL LOAD 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. 
BALL BEARINGS ARE PLACED BETWEEN HARDENED STEEL PLATES UNDER THE 
AXLES SO THAT THE TRUCK FRAME CAN MOVE LATERALLY FREELY. 
T-34701-1 PHOTOGRAPH 13 
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LATER1\L LOAD REACTION AT THE ENDS OF THE AXLE. SEE PHOTOGRAPH 13 
FOR LilAD APPLICATlON. 
T-34701-1 PHOTOGRAPH 14 
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l ON<;nornNAL LOAD APPLICATION AT TIIE CENTER LINE 01' AXLE. Tim 
S/\l'vlF Si·'.T-lH' FOR VERTICAL LOAD ·ro RETAIN CIIEVHON IN PLACE AS SHOWN 
1;, Pi iU, OCRAPl! l~l WAS USED. SEE PHOTO(;RAl'I I 16 FOH LOAD REACTlON. 
·: ',4/<11-1 PIIOTOCRAPll 15 
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l.ONc;JTUDINAL LOAD REACTION AT THir CE:NTER LlNE or• AXLE. SEE 
PHOTOGRAPH 15 FOR LOAD APPLICATlON. 
T-.34701-1 PHOTOGRAPH 16 

SEEFT 209 



VERTICAL OOWNWARD LOAD MOTOR MOUNT TEST SET-UP. BOTH MOTOR 
MOUNTS WERE LOADED. REACTION TO THESE LOADS IS AT .THE AXLES. 
T-34701-1 PHOTOGRAPH 17 
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VERTIC1c1L UPWARD MOTOR MOUNT TEST SET-UP. ONE MOTOR MOU:\T WAS 
LOADED. REACTION IS AT SIDE BEARERS AND AXLES. 
T-34701-1 PHOTOGRAPH 18 

SEEFT 211 



Cll 
ti: 
f:tj 
t:i:I 
,-3 

tv 
I-' 
tv 

-- • i.;-, 

-, . .;.,,'.~~ ---~ 

\ 
I 

t :•l 

LATERAL LOAD TEST SET-UP. LOAD IS APPLIED TO BOTHMOTOR MOUNTS 
AND REACTED AT THE CENTER LINE OF THE TRUCK FRAME. 
T-34701-1 PHOTOGRAPH 19 
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TRUCK BOLSTER 

GSI REPORT T34702-l 
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STATE OF ART CAR 
BOLSTER STATIC TEST 

POUR WHEEL MOTOR TRUCK 

-rEST REPORl' T-34702-1 
August 30, 1972 

11 
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I.O.A.C. 
BOLSTER STATIC TEST 
FOUR WHEEL M<11'OR TRUCK 
TIU REPORT T-34702-1 

Jn&roductiona 

-:__/ 

August 30, 1972 

Thi• ■tatic te■t waa conducted on s.o.A.C. bolster, 

GS% 34702 aerial 2 cast date 4-72, to determine the structural 

adequacy of the bolster. 'l'he loading forces and loading con

ditions were those set up on GSI'• te■t procedure as modified 

in canaultation with Boeing-Vertol before the start of.the 

teat. 

Qbiecta 

flle object of this teat was to determine the stresses 

in the bolster under the above agreed upon loading condition■• 

c;mc1uaions1 

'l'he recorded stresses were satisfactory. 

'l'he maximum recorded stresses for the teat under the 

agreed upon loading conditions werea 

. t,oading 
Condition 

Applied 
Load 
lbs. 

Vertical Load 42.600 

Lateral Load 6225 
Bonal Car Height 

Lateral Load 6225 
8hiemed car Height 

Longitudinal 6390 

' 

Maximum Recorded 
Stress - 1000 p.a.i. 
Tension C9PPression 

+16.8 

+14.l 

+ 7.5 

+ 4.8 

-7.2 

-8.'l 

-13.5 

-s.7 
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Personnel: 

Preaent for the Stresacoat test were s 

R. w. Moore GSI 
G. C. Krauae OSI 
T. M. Herbert GSI 

Pre•ent for the strain gage teat weres 

J. Brinson 
G. c. JCrauae 
R. w. Moore 
T. M. Herbert 

patep of Testa 

St. Louis car (part time) 
GSI 
GSl. 
GSI 

The test wa■ conducted from 6-15-72 to 6-22-72. 

Procedures 

A. Preparation 

Prior to applying strain gage■ , one half of the bolster 

waa St1:eaacoated (■ee Photographs 1 and 2) and loads greater 

than the agreed upon loading condition■ were applied to d•t•raine 

the points of maximum stress. 

Stresacoat indications were developed at location• given 

in Tables l and 2. and shown on Photographs 3 thru 7 and SG 34702. 

Strain gages were located on the bolster at these points 

and other point• to determine the general stress distribution. 
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B. Jnstrumentation 
-... - ··- -~· ,.,. . ~- ..... 

Strain gages 3, 4, 22, 23, and 36 thru 41 were SR-4 

one-half inch gage length type A-5-S6. Rosettes 42, 43, 44, 

47 and 48 wez:e M-M rectangular rosettes type EA-06-l25RA-l20. 

All other strain gages were SR-4 one-eighth inch gage length 

type FAP-12-12S6. The strain gages were applied, water-proofed 

and wired to te.rminal blocks frcn which cables were run to a 

switching unit and read out on a strain indicator. The lateral 

and longitudinal loads were applied with hydraulic rams and read 

out on calibrated hydraulic gage■• The vertical load was applied 

by the air spring■ and x-ead out on load cells for the strain 

g~ge test. For the Stresscoat test the vertical load was 
,:·--:~, 
applied with hydraulic rams and read out on a load cell. See 

Photographs 8 thru 11 for :test s,,tups. 

c. Loading Conditions 

'l'he following loading conditions were applied to the 
' f 

bolster: 

Loading ,condit1on 

vertical load applied on two 
air,spring seats (total). See 
Photograph 8 for te■t aetup. 

Load for Stress 
Dete.anination 
Lbs. 

42,600 
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Loading Condition 

Lateral lc;,ad applied to two 
lateral stops (total) for 
normal car height. See 
Photograph 9 for teat setup. 

Lateral load applied to two 

Load for Stress 
Determination 

Lbs. 

6,225 

lateral stops (total) for 6,225 
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 
See Photographs 10 & 11 \for 
test setup. 

Maxi.mum Loa~ 
Applied 

, Lbs, 

16,800 

16,800 

14,000 

All loads for ■tress determination are for a car weight 
I 

of 41,500# on the air sprin9s. 

'l'he vertical load of 42, 600# due to the load on the aide 

bearing pads was applied to two canmunicated air springs, one -
·~ .. 

each air spring seat. The load on the air springs was read out 

with load cells placed between the air spring and a strongba~k. 

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 aide bearing pads. See Photograph 8 for teat 

setup. 

The lateral load of 6,225# (total) is due to 15" of the 

car body weight on the air springs. 'l'hia lateral load was applied 

equally to the two lateral stops on one end of the bolster thru 

cOl'lllllunicated rams and reacted at the two lateral stops on the 
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other end of the bolster. This lateral load was applied both 

at normal car height and at ■himmed car height. See Photograph 9 

for test setup. 

The longitudinal loacl of 6, 390i_ (total) · is due to 15% 

of the weight on the side bearing pads. This longitudinal load 

was applied equally to the two bolster anchor brackets and reacted 

at the central spigot. See Photographs 10 & 11 for load a5>plication 

and reaction,. 

Results of Teats 

Tables 1 and 2 contain the recorded stresses. 

Photographs 3 thru 7 show the Stresscoat indications. 

Attach. 
TMHsjanl 

T,,t,./~ l 

T. M. Herbert 
Engineer of Tests 
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LIST OF ATTACHMENTS 

SG 34702 LOCATION AND NUMBERS OF STRAIN GAGES ON 
THE TRUCK FRAME. 

TABLE I. RECORDED STRESSES IN 'l'HB TRUCK FRAME• 

TABLE 2 ROSE'l"l'E ANALYSIS. 

PBO'l'OG~PH l STRESSCl».T AREA OP THE TOP OF THE BOLSTER. 

PBOl'OGMPH 2 STRESSCOl\T AREA OP THE BOTTCM OF 'l'HE BOLSTER. 

,SOl'OGRAPH 3 STRESSCOAT INDICATIONS IN THE BO'l"l'CM OF THE 
BOLSTER. ROSETTES 42, 43 AND 44 WERE LOCATED AT 
'l'HESE INDICATIONS. 

PBOl'OGMPH • ·. STRESSCOl\T INDICATIONS IN THE BO'l"l'CM OP THE 
BOLSTER AT THE KING PIN OPENING. STRAIN GAGES 
3 & 4 WERE LOCATED AT THESE INDICATIONS. 

PHOTOGMPH 5 STRESSCOl\T INDICATIONS IN LATERAL BMCl<ET. 
~E'l"l'ES 47 & 48 WERE LOCATED AT 'lBESE 
INDICATIONS. ALSO STRAIN GAGES 32 & 33 WERE 
LOCATEI> AT INDICATIOOS IN BACKGPDUND. 

PBaroGAAPH 6 STRESSCMT INDICATIOOS IN IATERAL BRACJ:(ET. 
STRAIN GAGES 12 & 19 WERE LOCATED AT 'l'HESE 
INDICATIOOS. 

PHOTOGRAPH 7 STRESSCOl\T INDICATIONS IN 'l'HE TOP OF THE BOLSTER 
OOTBMRD OF THE LATERAL BRACJ:(ET. STRAIN GAGES 5, 
6, 7 AND 29 WERE LOCATED AT THESE INDICATIONS. 

PB0'1'0GRAPH 8 TEST SETUP FOR VERTICAL LMD APPLIED BY AIR 
SPRINGS. NOTE LOl\D CELLS FOR MONITORING THE 
LOAD AND REACTIONS AT SIDE BEARERS. 

PHOTOGRAPH 9 TEST SETUP FOR APPLYING AND REACTING LATERAL LOAD. 

PHOTOGRAPH 10 TEST SETUP FOR APPLYING LONGITUDINAL LOAD. LOAD 
APPLIED TO OTHER BOLSTER ANCHOR WITH A C<»rMUNICATED 
RAM. SEE PHOTOGRAPH 11 FOR REACTION POIR'l'. 

P~RAPB 11 REACTION FOR LailGITUDINAL LOAD AT BOLSTER SPIGOl'. 

Test Report T-34702-1 
8-30-72 

SHEET 224 



,,----~\ 

~; ~ 
<1 

4. 

2 0-------l.f'-

f-
t;l 
VI 

............ c.. • .-..-.,, 

TH/5 D•a1•N WAS 0111.INATR• ■Y .AND I ■ THE E.XCLU

SIYE' .. ttONftTY OP' Gl!NlfllAL Sffl[L IHDU■TIIIH. INC. 

AND MUST HOT ■I! COPIED OR ,.IE .. ftODUCED WITHOUT 

THEIR CONSENT. 

@ 

(41 

_'¢ 

□ 

PART! _.£ft 

NO 
OESCRH'TJo,i 

BILL Of" MATERIAL 

S.1 Z£ MAT'L 

~-+---+-------------

GENERAL STEEL INDUSTRIES, INC. ~[20 CASTINGS DIVISION 
~~ G"ANITECITY,ILL.U.S.A. 

SiR/1.JN C.P..UC:i,( '._,::,c_,:,..11clo..1S. 'l="C". 

SOA.C 
OR.~l;"_W. CH. APPROV. 

1(.204 34-'lOO 

----~-----fDIIIAWING 
NUMBEII S G-34 7021 DATE>_-,_.--'2 

SCALE'• 1 -tl' 

OIIDUI MD. I NEXT AU'Y 

SHEET 

225/22i 





TABLE I 

s.o.A.C. BOLSTER PATTERN NO. 34702 SER. NO. 2 CAST DP.TE 4-72 

RECORDED STRESSES UNDER DESIGN LOl\DING CONDITIONS 
STRESS IN 1000 PSI+ DESIGNATES TENSION - DESIGNATES COMPRESSION 

Gage 
No. 

3* 
4* 
5* 
6 
7* 

12* 
19* 
22 
23 
29* 

.30* 
31* 
32* 
33* 
36 
37 
38 
39 
40 
41 
45 
46 

vertical Load 
of 42,600# 
Total load 
applied by two 
air springs 

+ 9.9 
+14.4 
+16.8 
+ s.o 
+14.6 
+ 2.1 
+ 2.4 
+ 5.4 
+ s.1 
+17.1 
+2.1 
+2.1 
+l.8 
+0.9 
-5.7 
-4.2 
-6.9 

· -7.2 
+6.0 . 
+5.4 
+2.4 
0 

Rosette 
42* +15.0 
43* +15.2 
44* +15. 8 
47* 0 
48* 0 

Lateral Load of 
6225# Total load 
applied to bolster 
stops on one end 
of bolster at 
normal car height 

+o.6 
+2.0 
0 
0 
0 
+5.o 
+4~5 
+1.4 
+1.4 
+0.6· 
+3.0 
+3.3 
-B.l 
-6.3 
0 
0 
0 
0 
+o.9 
+o.6 
0 
0 

0 
0 
0 
+14.l 
+12.9 

Lateral Load 
of-6225# 
Total load 
applied to 
bolster stops 
on one end of 
bolster at 
shimmed car ht. 

+1.6 
+2.4 
0 
-0.6 
0 
+7.5 
+7.5 
+2.0 
+1.8 

. -0.6 
+4.5 
+4.8 
-13.5 
-10.s 
0 
0 
0 
0 
+o.9 
+o.~ 
0 
0 

0 
0 
0 
+7.3 
+5.3 

Longitudinal 
Load of 6390# 
Total load 
applied to 
bolster 
anchor 
brackets 

-1.5 
+2.7 
+4.8 
+4.B 
-5.l 
0 
0 
+l.2 
-0.9 
-5.7 
0 
0 
0 
0 
0 
0 
0 
0 
+2.1 
-1.5 
-3.0 
-4.2 

-1.1 
-1.3 
+1.4 
N.R. 
N.R. 

* Stresscoat indications at these gage locations. 

T-34702-1 
August 30, 1972 

ffiBLE I 
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TABLE 2 

s.o.A.c. BOISTER PA'l"l'BBN NO. 34702 SERIAL 110. 2 CAST ~TB 4-72 
BVAWATION OP ROSETTES UNDER DESIGN LOl\DING CONDITICBS 

S'l'RBSS IN,1000 PSI 
+ DESIGNATES TENSION 

SfiC!!aS- DBS~*ES ca,;&;§tON 
~D CONDITION 

JIIPl:i10K' 
YAWE ,&.XIS YALU_E UtS 

Stress due to a vertical 
load of 42,600i total on 
the air springs 

Stress due to a longi
tudinal load of 6390# 
total applied equally 
to each bolster anchor 
bracket 

Stress due 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 

Gage 42a 
+330 

Gage 43a 
+330 

Gage 44a 
+380 

Gage 42b Gage 42c 
+390 +260 

Gage 43b Gage 43c 
+410 +220 

Gage 44b Gage 44c 
+400 +230 

Gage 42a Gage 42b Gage 42c 

+15.0 

+15.2 

+15.8 

-40 -15 +20 + 0.3 
Gage 43a Gage 43b Gage 43c 
-40 -15 0 - 0.4 

Gage 44a Gage 44b Gage 44c 
-25 -15 +45 + 1.4 

Gage 47a Gage 47b Gage 47c 
+350 +350 +170 +14.l 

Gage 48a Gage 48b Gage 48c 
+100 +290 +350 +12.9 

Gage 47a Gage 47b Gage 47c 
+230 +110 -30 + 7.3 

· .Ga9e 48a Gage 48b Gage 48c 
-60 0 +170 + 5.3 

Notes 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° 

38.00 

62.80 

22.s0 

76.2° 

2.2° 
0 

102.8 

+10.3 

+ 8.4 

+10.3 

- 1~1 

- 1.3 

- 0.6 

+ 8.2 

+ 6.4 

+l.3. 

- 0.6 

79.9° 

78.9° 

0 
70.9 

139.7° 

128.0° 

152.8° 

112. s0 

166.2° 

. 0 
92.2 

0 
12.8 

,.J 

"Q 
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STRESSCOAT AREA OF THE TOP OF THE BOLSTER 
T-34702-l 
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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 PHOTOGRAPH4 



STRESSCOAT INDICATIONS IN IATERAL BRACKET. ROSETTES 47 AND 48 
WERE LOCATED AT THESE INDICATIONS. ALSO STRAIN GAGES 32 AND 33 
WERE LOCATED AT INDICATIONS IN BACKGROUND. 
T-34702-l PHOTOGRAPH 5 
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STRESSCOAT INDICATIONS IN LATERAL BRACKET. STRAIN GAGES 12 
AND 19 WERE LOCATED AT THESE INDICATIONS. 
T-34 702-1 PHOTOGRAPH 6 •. 



STRESSCOAT INDICATIONS IN THE TOP OF THE BOLSTER 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. NarE 
LOAD CELLS FOR MONITORING THE LOAD AND REACTIONS AT SIDE 
BEARERS. 
T-34702-1 
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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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WINDSHIELD TESTS 
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1.0 INTRODUCTION 

ETR-010 
Page 1 

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. 

2.0 SUMMARY 

All of the required tests were performed in accordance with the 
Qualification Test Procedure (QTP-002) 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 failures 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. 

3.0 VERTICAL IMPACT TEST 

3.1 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. 

3.2 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 
Swed low, Inc. 

3.3 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 226.1 - 1966, were used during this test. 

3.4 Test Specimens 

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

3.5 Equipment Calibration 

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

ETR-010 
Page 2 

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. 

3.7 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 
iumediately after impact. 

4.0 HORIZONTAL IMPACT TEST 

4.1 Place and Date of Test 

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

4.2 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 from Wyle 
Laboratories. 

4.3 Facilities and Equipment Used 

A 48-ft. centrifuge, a standard clock, 1.1 lb.±. ,1 lb. and 5.1 + .1 lb. 
balls, a yardstick, 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, 

4.4 Test Specimens 

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

4.5 Equipment Calibration 

Both of the balls were weighed on a O - 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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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 lb. ball (1.1067 lbs) 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. 

4.7 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. 

5.0 LIMIT LOAD PRESSURE TEST 

5.1 Place and Date of Test 

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

5.2 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. Domaszewicz 
of the Engineering Department. 

5,3 Facilities and Equipment 

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

5.4 Test Specimen 

A full-size panel assembly (SWU 101) was used as the test specimen. 

5.5 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. 

SHEET 249 



ETR ... 010 
Page 4 

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 
(min) (inch.H20) 

EDGE 

Checkout 0 0 

3.0 10.1 

6.0 0 

First Test 0 0 

3.0 10.1 

7.0 10.1 

10.0 10.1 

13.0 0 

Second Test 0 0 .001 

3.0 10.1 .015 

10.0 10.1 .015 

16.0 0 .001 

1/4 
SPAN 

0 

,126 

,006 

.002 

.128 

.130 

.130 

.005 

DEFLECTION 
(inches) 

1/2 
SPAN 

0 

.145 

.007 

.003 

.158 

.160 

.160 

.005 

.002 

.157 

.158 

,001 

ETR-010 
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3/4 
SPAN 

0 

.116 

.005 

.001 

.121 

.121 

.121 

,004 
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.001 

.008 

.0085 

.000 
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5.7 Results 
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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 is well below the 0.257 inch deflection that would constitute 
a failure. 

6.0 LIGHT TRANSMISSION AND REFLECTANCE TESTS 

6.1 Place and Site of Test 

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

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

6.2 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 Keish of Perkin-Elmer 
Corporation. 

6.3 Facilities 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. 

6.4 Test Specimens 

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

6.5 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. 

6.6 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 

r>.=2.s 
J ;..=.7 I>,., T,.. d>-. T= 
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where I~$ is the percent intensity of the sunlight reaching the 
earth on a clear day at wave lengths between .7 and 2.5 microns. 
T.)\ is the percent light transmission of the sample in the same 
wave length range. The mean transmission is 25.9%. 

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 Transmission 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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7.0 DEVIATION AND DISTORTION TEST 

7.1 Place and Date of Test 

ETR-010 
Page 12 

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. 

7.2 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. 

7,3 Facilities and Equipment Used 

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

7.4 Test Specimens 

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

7.5 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 
vision for deviation of the light source. 

7.6 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, 

7.7 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, Photr:graphs showing the test setup, 
secondary image and projected impages are presented in Section 9.0. 

8,0 CONCLUSIONS 

All of the tests were performed in accordance with the Qualification 
Test Procedure (QTP-002). No failures occurred as the result of 
testing. The feasibility of the BART windshield design has been 
demonstrated, Upon approval, all windshields manufactured to this 
design will be considered qualified. 
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SCX>PE 1 

Iata contained herein deal.a with the technical aspects required 
!or design, perfomance and tests for seat assublies for the 
"STATE OF nm ART" vehicle. 

The general design of the seat and 1 ts structure is based on 
requirenenta defined to obtain seating of good quall ty with 
superior product and functional values. 

Proruct values are those construction features which insure 
strength, clurabili ty and aati s!actory perfonnance. These value a 
are determined by mean:, of stnmgth analysis Md relevant 111echanical 
teats. 

Functional values are the !eature11 vhich offer the pu11enger a 
IIWOJIIUIII of postural com!o rt with seating unit re qui ring a lllinim.un 
of repair and maintenance. 

TECHNICAL DATA: 

In supplement to the detaile'd drawings and seat prototypes, the 
contents has doc\Dllent11 dealing with loading condi tiona, strain and 
deflections recorded in actual teats of representative seats. 

'l'he teats were conrtucted on equiinent designed to determine the 
integrity of the seat assanbly under various simulated conditions. 

In addition to the specification prescribed for static load tests, 
this report contains supplemental static and 'J)e'rl011111111C• teata 
applied as AmSeCo seat design criteria • 
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I. 

II. 

III. 

SUMMARY ESTIMATED SEAT WEIGHTS 

THREE PASSENGF.R 
IDNGITUDINAL SEAT 

FOUR PASSENGER 
TRANSVFllSE SEAT 

MOTORMANS SEAT 

~antiti 

16 

6 

1 

Weight 

78.9# 

110.8# 

36.S# 

Total in Pounds 

TOTAL 

1262.4 

664.8 

36.5 · 

19.63.7 Pounds 
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THREE PASSENGER U)NGITUDINAL SEAT 
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.--------------------------------

STATIC LOAD TEST DATA 

TEST I SEAT ASSEMBLY - OOWNWARD VERTICAL STATIC LOAD. 

LOAD 

100 
200 
JOO 
u,o 
soo 
600 
700 
800 

~T EQUIPMENT: 

The seat assmnb]_y mounted on two angle uprights vas placed 
on a Toledo scale. 

A special J110torized load device applied the vertical-downward 
load in the middle of the center sitting as shown 

L 
r 

" ' 

' 
Vy e. 

~ 

DEFIECTION (INCHES) 
#l #2 ll'J 

1/32 1/16 1/32 
1/16 7/64 1/16 
3/32 5/32 3/32 
1/8 7/32 1/8 
5/32 9/32 5/32 
3/16 J/8 J/16 
7/32 7/16 7/32 
17/64 1/2 17/64 

~ 

,, 

fil 

_ _J_ 
~ 

PERMANENT SET (INCKE:S) 
#i #2 #3 

0 1/64 0 
0 1/64 0 
0 1/64 0 

TEST RESULTS1 After removal of load inspect.ion found no f'ailures;or 
pema.nent deformation other than shown aboveo 
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STATIC LOAD TF.ST DATA 

TEST 11 SEAT ASS™BLY-OOWNW.ARD VERTICAL FIXED PLUS VARIABLE STATIC LOAD. 

Fixed Load of )IXJ# (200# in each outboard eitti.ng) along with 
Tarl.able load. 

ihe seat assembly mounted on two angle uprights was placed on a 
Toledo scale. Fixed loads of 200# each were placed in the center 
ot both outboard sitting position • .A varying load of &xJ# was 
applied by means of a special motorized loading device. 

LOAD# 

200+0+200 
200+800+200 
200+0+200 
O+O+O 

, 

'-

TEST RESULTS, 

!OC&S.4£ zna 

L 

2.00-- ,. 

Vv 

~ 

DEFLECTION (INCHES~ 
#l #2 ,3 
3/32 1/8 3/32 
1.1/32 19/32 11/32 
3/32 1/6 3/32 

2.. 

z..0011: 

~ 

~ 

PEJMANENT SET (INQIES) 
1fi 112 #3 

0 0 0 

After removal ot loads no pennanent set or def'ormatica was 
found. 
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T~ A. 

PERPOJ'Rft.NCE TEST 

VERTICAL DIDP IMPACT TEST 

TEST ~UI PMENT: 

The seat assembly mounted on two angle uprights sillmlating 
actual car attachment, was subjected to a vertical drop impact 
test with a 40 lb. weight on the middle sitting. The weight 
1Jllpaoted the fiber1dass seat l,000 tilne1 rrom heights or 6", 8", 
10" & 12 11

0 

- -
'I - ---

40• 

I I 
I I 
I I 

" 

:lb ill 

TEST RESULTS1 Inspection during and after completion of test 
revealed no failures or detonnationo 
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FOUR PASSENGER TRANSVERSE SEAT 

• 
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STATIC LOAD TEST 

Test III SEAT ASSEMBLY - VARIABLE VER'l'H'..Y, STATIC LOAD 

A. 

TEST EQUIPMENT1 The seat assembly-, 110UDted on a test fixture vu 
piaced on a toledo scale. 

A special motorized load device applied a vertical-downward load 
at center of aisle setting. 

Hy5 

fly .3 

J_ _j_ 
~ f 

TE"Sf FIATtl"(G 

LOAD !LBS•l 
1 

DEFLECTION {INCHES} 
4 5 1 

PE!W.NE?n' SET !INCHESl 
2 j 4 5 2 . 3 

100 l/32 l/)2 l/32 0 -
200 1/16 1/16 l/16 o - -
300 3/32 5/64 1/16 o - -
400 5/32 7/64 3/32 l/64 - -
!,00 3/16 5/32 1/8 l/)2 1/16 -6oo 15/64 3/16 5/32 1/32 J/32 0 l/64 o· 0 0 
700 9/32 15/64 )/16 3/64 5/64 0 l/64 0 .010 l/64 
8oo 5/16 9/32 3/16 l/16 3/32 1/64 l/64 0 .010 l/64 
900 J/8 5/16 7/32 l/16 l/8 l/64 l/64 0 l/64 l/64 

Rmoowd 2 & loosened l/8" 2 stanchion owrhead mounting boltin 

Ul.AD ~LBS.} 
1 

DEFLECTION (INCHESl PEJMANE?n' SET (INraES~ 
2 3 4 5 1 2 j 4 

100 1/16 l/32 l/32 0 
200 1/8 l/32 l/32 0 -
.300 J/16 3/32 3/32 0 -400 15/64 )/8 7/64 0 1/64 -soo 9/32 3/16 9/64 l/64 3/64 - -600 5/16 7/32 5/32 l/.32 1/16 l/32 0 0 0 0 

Point 5. is the stanchion bow measured Vi.th a 3 toot rule 18 inches trC111 top 
seat back. 

TF.ST RESULTS1 After removal or load inspection tound no tailures;or detonnation 
other than noted abon. 
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STATIC I.DAD TEST 

TEST IV SEAT ASSE>IBLY - FIXED PLUS VARIABIE VERTICAL STATIC I.DAD 

TEST EQUIPMENT1 

The seat a111,embly, 1110Unted on a test .fixture was placed on a 
Toledo scale. A fixed load of US# was placed in aisle sitting 
of one aide. 

A special motorized load derlee applied a vertical-downward 
load at center of opposite aisle sitting. 

I 

1 Hrs 
I 

L 

4JS.:III: 

TE~T F/XTll'P.G 

LOAD LBS. DEFLECTION {INCHESl PEIMANENT SET (INCHES) 
1 2 4 5 4 ) l 2 J 

0+415 -J/32 -1/8 -1/16 -1/64 0 
415+415 J/32 0 1/32 0 
Sl.5+415 9/64 J/04 1/16 1/64 0 1/64 0 1/64 

5 

-

TE.5T RESULTSt After NDoval or load inspection revealed no failures;or 
defonna tion other than noted aboTe • 
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STATIC LOAD TEST 

TEST V SEAT ASSElIBLY - VARIABIE HORIZONTAL STATIC LOAD. 

TEST F.QU~T: 

The seat ansembly 1110unted in the test fixture was subjected 
to a horizontal load applied to the stanchion. 

A Martin-Decker (DynamoJ118ter) and Readout Scale {0-60oo#) 
was used to record the loading. 

I HyS 

L 
Hr3 

~ I _J_ 
_j~~ vf ~ 

TE'ST Fl~TVRc 

LOAD LBS. DEFLECTION ~ INCHES) PE!W.NENT SET (INCHES§ 
1 2 3 4 5 l 2 3 4 

100 J/64 l/32 S/64 J/64 
200 3/32 1/16 3/16 3/32 
JOO l/8 J/32 9/32 7/32 -l/61- -
400 J/16 1/8 7/16 19/64 -3/64 1/64 .010 1/32 1/64 0 
500 .7/32 5/32 19/32 13/32 -l/16 3/64 .010 1/32 1/32 0 

A. Load applied with loosened stanchl.on1 

LOAD LBS. 

100 
200 
JOO 
400 

DEFLECTION (INCHES) 
i 2 3 4 5 - 1 

J/64 1/32 3/32 1/16 - -
3/32 l/16 7/32 ll/6L -
S/32 7/64 11/32 1/4 - -

13/64 9/64 1/2 11/32 -3/32 O 

PEl!WIBNT SET p-NCHES) 
2 J . 5 

0 1/64 1/32 O 

TEST RESULTSs Arter removal of load inspection renaled no failu!"es;or 
other defoniiation. . 
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PERFORMANCE TESTS 

TEST B. SWINGIOO IMPACT TO BAO< TEST 

TEST ~UI PMENT1 

The seat frame assembly mounted on a test fixture, simulating 
actual car attachment, was subjected to a horizontal swinging 
impact test with a 40 lb. weight. The weight impacted the 
fiberglass aisle back 10,000 tilnea with strokes of 6", 811 , 10" 
and 12 11 each. 

TEST RESULTS s 

,f 
I 
I 

I 

TEST Fl Y,VRC: 

Inspection during and after completion of test 
revealed no failures or deformationa 
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PERFORMANCE TESTS 

TEST C. VERTICAL DIDP IMPACT TO SEAT TEsr 

TEST EQUI i:,.1ENT: 

The seat aas81!1bly mo\Dlted on the test fixture simulating 
actual car attachrllent, was subjected to a vertical drop i.Jllpact 
test with a 40 lb. weight on the aisle sitting. The weight 
impacted the fiberglass seat 1,000 ti.mes from heights of 611

, 6" • 
10" and 12". ,.. 

' ! 

! 

, r ,_..,. ___ ._ 

4D.,. 

' ' I ! 

~ 
I I 

' ,I . 
~D 

TEST RESULTS1 Inspection during and after co~letion of 
test reweled no .failures or defonnation. 
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DISCUSSION OF RF.SULTS 

The seat as proposed by the American Seating Company has 
undergone thorough testing by the /unSeCo Testing Laboratory. 
'lbe 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 deter.nine strength, deflection and any 
deformation of a representative unit. The loading es
tablished by AmSeCo requirements simulate possible shock 
condition induced by decelerative impact or rough usage 
in the car. ·Static tests deterrr.ine streneth and deflection 
whereas the perfonnance test designed by AmSeCo detennine 
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 

AMERICAN SEATING COMPANY • 901 BROADWAY AVENUE, N.W. • GRANO RAPIDS, MICHIGAN 49504 

May 18, 1973 

Mr. William w. Seary 
Assistant Manager of Quality Assurance 
Mail Drop P-4102 ~ECEIVED, 

I, • 

Boeing-Vertol Company 
P.O. Box 16858 
Philadelphia, Pennsylvania 19142 

Reference: State of the Art Csrs 
G.R. Order No. 373358 
373359 (High Density) 

Dear Mr. Seary: 

(Low Density) 
...,.,,,~ .. ,,.~ .... •-. -, "' .. 

,._:. .. ;t,",'" . 

This is to confirm Jack R. Knoblauch and my telephone conversation with 
you earlier today. 

The woven fabric was used in the low density car only and was Craftex 
No. 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 in X-5575 Magenta Red. 
Also 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 seen at 
Alllerican 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 in touch with me. 

mg 

Very truly yours, 

?11t.al~ 
L. M. Wickman 
Manager of Special Products 
Transportation Products Division 

f-_DUC.IITION, AMUS!::'.MENT, Hl:..ALTH CARE, TRANSPORTATION AND OTHl::R JNSTJTUTIONAL MARKETS 

'-,AL 1-s. Ol·FICES IN PRINCIPAL CITIES SHEET 307 
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. ,U»!A!3!LIT? TIST REPORT "-J,,' 
J.J- •• ' • 

.,, 

"'-,j, . Federal Motol' Yehicl• Safety Standard )02 

~~€flrf:c~1ft{fn, l1/.Jt:II','(- /(J/.7:J. tf A1 - 11)' o-s-1.s-;11/9.Je~rt; 
l.o\ !lwt~l'1 ________________ _ 

P.O. ot M•tsri.&11 -------------'"""" 
1,0. l'.r,te~I-1 to bo Ulled on, ----------
011 tA IIPiter~l Rccehed, -----..,.-------
Qlla nit 7 c,f Mat.erul Recei\"Cd1 ____ .--__ ..,...,--_ 

Slrle or Sa:~!e :wn P,)e · C ,r/ 42 
- -~1-11 Size of Tll1e knue of Diat.ance of Ti.DIii Burn Rate ,,.._bllitt 

llo. Spec l.mcn llpeeiman l'l.611119 Travel or Burning (Inchell/lUn,) . lla1.in9 
(I&hesl (Incr.e3} (Inches) (Seconds) ; 

J-P,l·-r LJ '' XJV'r 1/s h",Y ,·1,•t"c4 0 0 -5£:--
°'-P. '-f" ,-:-(- -.1- I\ /( 

. Ir ,, /?{t;' /"t<-5· S,•t, O,r" SE/.flO.tf 1' 

2.-f>_ , .. -Ii, II I( I I If (\ {) .s£--,... - ~ ., 
(', 6-'' _u t./-P-d-L:; I I I/ I( I( 'J, 'i ,P~ - , I~ f11.S . )e'-' 

0..',_d-r / r // II ' 'YA~,, 9ss~. (;,t/" 'SE /4" (), 'i_ 

-'1·.P-Jfi !( I/ I[ i/ I 3/s,, ,1 /;J.t).~-e.~. D, 7" ·.'7F5 /10 Ci, I ,_ . ) 

- . 
' 
.. 

. . . , 

--------~· -
' --

·" 
' 

i 
. 

·, ,,,. 
.· il . . .' . -

OM!: P~-1-200 
; 

: 

uw. o • ...,ec ...... ns ·,Appllcau,e table Maximum Barn Burn Rat.a Acceptable or 
T,et.ed Rate RanP,o Reject.able 

_(Inch~e/Kin,) (Inches/Min.) Burn Rate ' 

3 Jff ___ ___ a._it~' --- _l~!L':_ __ ~~l· ' -- . / .. . 
• . ' 

·. 

COPIES '!'01 R. If, Clay J, c. Radeko M, E. Stoner tile ?-j~~ 
D. If, ~hriee J, F. Snukas E-lJ \%>holatery Crib• 3&~~)¥~73 . f SHEET 
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OCR 73-56 Attachmen~ ' 
TEST ~SUI.TS PaJe one 

Fr.A."'" TEST ! 1 l 
M'?E'.'t.- APTER-

FL.'-'IE GLOW 
~'P~~ T::-:E TIME 

~-'I.T:;:RIAL IDENTIFICJ.TIO::<I -· --
LAB LOG NO. SPECIMEN NO. (s::;::s,1 ·--· - (>SECS,) 

73B2312 
7382312 
73B2313 
73B2313 

73B2315 
73B2315 

73B2424 
73B2425 
73B2426 
7392426 
73B2427 
73B2427 
73B2428 
7352428 

73B2429 
7382430 
73B2431 
73B2432 

73B2434 

7382435 

seats - Shell 
Seats - Shell 
Seats - cushion 
seats - cushion 

Seats - Inmont Vinyl 
seats - Inmont Vinyl 

Flooring-Met-L-Wood Fire Retard. 
Flooring-Met-L-Wood Plain 
Flooring-Vinyl Leaded Sheathing 
Flooring-Vinyl Leaded Sheathing 
Flooring-Underpad 
Flooring-Underpad 
Flooring-Carpeting 
Flooring-Carpeting 

Ceiling-For~ica, B/V-A 
Ceiling-For~ica. B/V-B 
Ceiling-Formic-a, B/V-C 
ceiling-Formica, B/V-D 

Window Glass 

Insulation-Ultralite 

1 
2 
1 
2 

l 
2 

1 
1 
1 
2 
1 
2 
1 
2 

1 
l 
1 
l 

1 

l 

334 0 
3:?:. 0 

6 0 
E 0 

7 0 
6 0 

0 0 
a. 0 

86 79 
85 76 

5 0 
3 0 

38 0 
35 0 

--0 0 
0 0 
0 0 
0 0 

0 0 

0 0 

C!'..A..~ 
LEN~TH 

{INCHES) 

0.1 
0.1 
5.0 
4.5 

4.S 
4.3 

0 
0 

·9.0 (2) 
9.0 (2) 
0.5 
0.4 
0.25 
0.2 

-0 
0 
0 
0 

0 

0 

Self-Extinguishing 
Self-Exting~is~ing 
Self-Extinguishir.g 
Self-Exting·,1ishing 

Self-EXtinguishing 
Self-Extinguishing 

Did not ignite 
Did not ignite 
Total Combustion 
Total Combustion 
Self-Extinguishing 
Self-Extinguishing 
Self-Extinguishing 
Self-Extinguishing 

Did not ignite 
Did not ignite 
Did not ignite 
Did not ignite 

Did not igni ta 

Did not ignite 



1:/l· 
:i:: 
t".I 
t".I 
8 

w ..... ..... 

QCR 73-56 

MA.TERIAL IDENTIFICATION 
IAB LOG NO I SPECIMEN 

7382436 
7382<136 

73824.37 
7382438 

7382439 

7382440 

7382441 
7382441 

Foot Note■, 

Sice Signs - Mylar 
Sice Signs - Mylar 

Elastomeric Window Glazing Rubber 
Elastomeric Door Weather Seal/Door 
Sensitive Edge 

Lights - Interior Len-ses 

Electrical Wiring - Hypalon 

Car Ends-Molded Reinforced Fiberglass 
Car Ends-Melded Reinforced Fiberglass 

(1) Fed. Test Method Std. No. 191, Method 5903.2 

(2) TOtal Length o! Specimen 

) \ 

. 
J 

,. 

TES.:t: RESULTS 

AFTER-
FLAME 

SPE•: TIME 
NO,_ jSECS, l 

1 29 
2 28 

l 408 
l 180 

1 0 

l 0 

l. 44 
2 40 

, . ./ 

Attacl---:-.e,:,: l 
page T•·c 

FLI\ME TEST 111 
AFTER-

GLOW CHA.'!. 
TIME LENGTS 

jSECS,l !WCHESl REz-~RJ(S 

0 6.5 (2) TOtal Combustion 
0 6.5 (2) TOtal Combustion 

0 10.5 (2) Total Combustion 
~1600 3.0 After-Glow Ti~e 

Greater than 26 mins. 

0 0 Did not ignite 

0 0 Did not ignite 

0 0.25 Self-EXtinguishing 
0 0.25 5el.f-Extinguishing 

'-

' .. -~\ -~ 






