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PREFACE

Following completion of engineering tests in July 1973,
the State-of-the-Art Car (SOAC) vehicles sustained damages in an
accidental collision which necessitated repairs and initiated
study and operations to verify the validity of the previously
recorded test data in relation to the repaired vehicles. This

report documents those post-repair engineering tests.

The SOAC vehicles were developed by the U.S5. Department of
Transportation, Urban Mass Transportation Administration.
Designed and produced by Boeing Vertol Company, under contract
with the UMTA Office of Research and Development, Rail Technology

Division, the vehicles were tested in an engineering test program.

The engineering tests were based on the "General Vehicle
Test Plans (GVTP) for Urban Rapid Transit Cars," TSC Ground Systems
Programs Specification GSP-064, published in April 1972 for the
Urban Rail Supporting Technology (URST) Program. The procedures
for testing based on the GVTP and used for both the original
engineering testing and the post-repair engineering testing are
described in the first six volumes of Report No. UMTA~-MA-06-0025-

75-1 through 6.

These six volumes are available as a set or individually
from the National Technical Information Service (NTIS), Springfield,

Virginia, 22161:
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1. INTRODUCTION

A series of Engineering Tests on the State-of-the-Art Transit
Car (SOAC) units No.l and No. 2 were carried out during the
period of April 1973 to July 1973 at the U.S. Department of
Transportation High Speed Ground Test Center, Pueblo, Colorado
(HSGTC); see Ref. 1. The follow-on program to demonstrate
reliability under Simulated Revenue Service was interrupted by
an accidental collision of the SOAC train with a standing
gondola car on August 11, 1973 (See Ref 2), After completion
of repairs to the No. 2 Car, an Abbreviated Test and Demon-
stration Program was carried out at HSGTC from February 27,
1974 to April 10, 1%74 with the Engineering Tests being con-
ducted from March 18th to 2%9th. This report presents the test
descriptions and test results of the Abbreviated Engineering
Test portion of the program along with plots of the original
test program results for direct comparison.

1.1 SOAC TEST VEHICLE DESCRIPTION AND STATUS

The SOAC cars represent a baseline definition of avail-
able technology for rail transit equipment. Each of the
two SOAC cars, Ref. (1) Volume I, are 75 feet long by
9-3/4 feet wide. The underframe, sides, and roof struc-—
tures are of welded high-strength low-alloy steel sup-
porting a shell consisting of spot welded stainless
steel skin and molded fiberglass ends. The propulsion
system of traction motors, gearboxes, power supplies and
control systems provide operations in both driving and
braking modes. The four 600 VDC motors are mounted two
to a truck and connected electrically in series. The
motors are full compensated D.C. with separately excited
fields and have a continuous rating of 175 HP at 1560 rpm
(460 amps).

+

Control of the motors is by force commutated DC-DC chopper
in the armature circuit and by AC-AC phase delay recti-
fiers in the separate field circuits. AC power is
supplied to the auxiliary power motor generator set which
in turn supplies power to the traction motor field control
and to the on-board accessory equipment such as air
conditioning, etc. Control subsystems provide for load
weigh, jerk rate and wheel spin-slide compensation, as
well as dynamic-friction brake blending.




Dynamic braking is supplied by the traction motors acting
as generators with resistor grids supplying braking force
and by friction brake shoes on each wheel actuated by air
cylinders.

SOAC Car No. 1 was not damaged by the collision and its
condition was unchanged from the original Engineering Test
Program. GSOAC Car No. 2 was restored to its original condi-
tion by replacement of body structure and equipment at the
damaged end. Additional details are provided in SOAC Final
Report, Ref. (3) Volume V.

1.2 SOAC ABBREVIATED TEST PLAN AND OBJECTIVES

The following tests were conducted in accordance with
procedures outlined in revised Test Vehicle Plan Ref. 4.
Acceleration

Deceleration - Blended Braking

Power Consumption

Structures

Noise Interior/Exterior

The object was to establish the test data continuity
for the repaired SOAC car and the original HSGTC
Engineering Tests.

1.3 SOAC INSTRUMENTATION SYSTEMS AND STATUS

1.3.1 Ride Qualities, Structural and Performance Tests

Electrical signals from the vehicle mounted transducers
are conducted by cables to an interface panel which is
connected to an instrumentation console containing two
magnetic tape recorders, two light beam oscillographs,
a time code generator, a temperature recorder and
signal conditioners. Any 28 selected test parameters
can be recorded on tape and displayed on the oscillo-
graphs. In addition, wheel speeds may be recorded
directly on the oscillographs; total power is recorded
on tape and displayed on a mechanical counter. The
time code generator provides signals that are recorded
on both tape and the oscillograph. The oscillographs
provide quick-look data to evaluate test progress and
results during testing (See Figure 1~1).
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1.3.3

Noise Tests

The instrumentation used for noise measurement consisted
of a 1-inch condenser microphone with battery operated
cathode follower and a 1/4-inch single-channel tape re-
corder (See Figure 7-1).

Status for Abbreviated Test Program

Prior to the August 11, 1974 accident, the SOAC
Instrumentation Conscle and a majority of the trans-
ducers had been removed from Car No. 2. The undercar
instrumentation cabling was inspected and repaired by
Garrett Corporation technicians during car repair at
the Boeing Vertol facility in Philadelphia, Pa. The
transducers which were on the car at the time of the
accident were checked at the Garrett Corporation
facility. Only four (4) strain gaged Damper Rod
Connecting Links required replacement. In addition,
the truck frame strain gages were replaced while the
trucks were disassemkled at the Vertol facility. Prior
to the start of the Abbreviated Test Program, the SOAC
Instrumentation System was checked and found toc be
operational.



2.1

2. TEST RESULTS

GENERAL

A comparison between the Post-Repair Test data set and

the data obtained from the original HSGTC Test Program
shows the two sets to be compatible, and this establishes
a continuity between the two sets. The Repaired SOAC Car/
Performance and response are slightly different than the
original car but not to a significant degree. The re-
paired Instrumentation System operated satisfactorily,

as it did in the original tests. '

TEST RESULTS SUMMARY

o Performance

The repaired SOAC demonstrated slightly higher accel-
eration and deceleration rates than the original con-
figuration. All of the weight and controller input
trends are similar to the original tests. Since the
rates were to be re-set to lower values for subsequent
Demonstration operation on the transit properties, the
rate differences reported here are not important. _
Rate changes in the SOAC propulsion system are relative-
ly easy within the bands indicated.

o Power Consumption

The retest power consumption. for the SOAC was 12
percent lower than the original tests. This could
be attributable to a "hotter" car (quicker starts
and stops) and also to driver technique. The SOAC
test driver's had considerably more experience in
driving the SOAC to a schedule during the Retest
Program.

o Ride Quality

Car body ride gquality, as indicated by ride roughness
was not significantly different from the original test
data. Only the higher speeds show a slightly higher

2-1




level. This variation is probably due to rougher
tracks or wheel conditions. The rougher conditions
is exhibited in the higher levels of journal box
accelerations for the Retest data.

Noise

Some variations in the post-repair noise levels were
noted, particularly at the higher speeds. Although
not fully explainable, the higher values at the high
speed are partly attributable to the "rough" condi-
tions described above. The installation of return
air silencers in the airflow system returned the
Noise Levels to the original test envelopes.

Structures

As in the original tests, a detailed analysis of the
structure loads and levels was not accomplished.
However, a cursory examination indicates trends in
levels and phasing of loads to be similar to the
original tests.



3. ACCELERATION TESTS

TEST DESCRIPTION AND PROCEDURES

In general, testing consisted of accelerating the test
car or train from a standing stop to its maximum
achievable speed over a 4000-foot section of level track
at various combinations of Master Controller inputs, car
weights and track line voltages. SOQAC-P-2001-TT Baseline
Test Procedure was used for each test run. The log of
test runs and records is presented in Table 3-1.

TEST DATA

The test parameters recorded on magnetic tape and dis-
played on direct read-out oscillographs are presented in
Table 3-2.

Distance data is obtained using the event marker which is

triggered at the start and at each of the 500-foot markers
along the track. For time-speed-distance data, zero time

is based on first perceived car motion and not controller

input.

The digitized data obtained from the tape recordings was
taken at a sampling rate of one per second using filtering
on applicable channels.

TEST RESULTS

Figure 3-1 presents the acceleration control characteristics
from the original SOAC tests and the repaired SOAC tests
for 105,000~1b cars in one and two car train configura-
tions. Acceptable data was obtained for the repaired SOAC
at Master Controller inputs of 0.875 amp and 0.75 amp;
however, in attempting to obtain full service acceleration
with a "P" signal of 1.0 amp, the track voltage dropped
below the nominal 600 volts due to the limited capacity of
the trackside electric generator. The estimated data for

a "P" signal of 1.0 amp was obtained by applying the change
in acceleration rate between the "P" signal of 0.75 amp

and 0.857 amp.
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Table 3—1. SOAC Acceleration Test Run Log

TYPE OF WHEELS: RESILIENT
MAX OR
DATA INITIAL CaR
RUN RECORD SHEET TYPE OF SPEED WEIGHT CAR LINE
DATE NO. NO. NO. TEST P-51G (MPH) (LB) NO. DIR VOLTS NOTES
3/22/74 224 1045 14B Control 1.0 79 105,000 2 Fud 600 After Car Repair
1051 Response 1.0 79
1057 and Car 0.75 60
1102 Weight 0.75 72
3/25/74 227 1609 14B Control 1.0 74 105,000 1 Fwd 560 After Car Repair
1614 Response 0.75 64 2 600
1622 and Car 0.75 74 600
1628 Weight 0.875 71 600
3/26/74 229 1428 14B Control 1.0 60 130,000 2 Fwd 600 After Car Repair
1434 Response 0.75 60
and Car
Weight
3/27/74 230 1309 148 Control 1.0 80 - 90,000 2 Fwd 600 After Car Repair
. 1313 Response 0.75 60
1319 and Car 0.75 74

Weight




Table 3—2. Laboratory Tape Recorder Data Sheet

Test Title  Performance

Specimen P/N __SOAC Specimen S/N_No. 2 Car Test Location ...Pueblo
pate 7/13/73 _ Test Eng Tech REM-DLB Tape Type & Size 1-inch x 7200 ft 3M
Tape Recorder Model No. 3614  rTape Recorder S/N_72%91 ~  Tape Speed 1-7/8 IPS Record Mode EM
sig Con Record Quick~Look
Chan Parameter TransduceriGain or |Tape FS Elect Oscillograph
No. Description Type & S/N| Atten Level fpype|C.E. Remarks Location
301 B, 375
1 flrong Accel *0.25 G's 5.0 vDC| FM KC |% 0.25G's = % 5,000 VvDC R/H
302 | volt/Div B.375]2%erc VDC = -5,00 VDC
2 |uine E S/N D02 5.0 voo| FM KC [+1000 VDC = +5.00 VDC L/H
) 303 | 3000 AMP 3.375{Zero ADC = =5.00 VDC
3 [tine I Hall Device Fs.0 vpe] FM KC |+ 2000 ADC  +5.00 VDC L/H
304 |volt/Div - 375
4 |#1 Arm E S/N 001 ts .0 vDC| FM KC 1+ 1200 vbC = 5,00 vDC L/H
305 {1000 AMP 3. 375
S |#1 Arm I AM-A-C 5.0 VDC] FM KC 1+ 1000 ADC = 5,00 VDC R/H
306 {150 A EN ST 3. 375
6 [#1 Field I s/N 57 Loe 1 f5.0 voc|rM | K€ I 50 apc = *5.00 vDC L/H
307 [volt/Div 3. 375
7 |#2 Arm E S/N 003 5.0 vDc|FM KC }+ 1200 vDC = 5.00 VDC L/H
308 1000 AMP 3.375
8 [#2 Arm 1 AM~-B-C 5.0 vDC| FM KC |+ 1000 ADC = 5.00 VDC R/H
309 {5004 20AUZ35, . 375
9 [#2 Field I AM-A-C b/DC x 2 J-5.0 VDC|FM KC [I* 50 apc = ¥ 5.00 vDC L/H
310 {1.0 AMP 8,375
10 P Wire 1 AM~-A-C *5.0 vDC| FM KC I+ 1.0 ADC = 5.00 vDC R/H
311 {5.0 AMP B.375
11 lsnalog valve I AM~A~C 5.0 voc| FM XC |5.0 ADC = 5.00 VDC L/H
315 B.375
12 PBpeed Monopole t5.0 VDC|FM KC {80 MPH = 626.5 HZ R/H
318 {62388 psig 8,375
13 Brake Press Mod 185 5.0 VDC| FM KC 000 PSIG = 5.00 VDC R/H
. 3.375
14 [rime Code IRIG B +5.0 VDC|FM | KC Borh (2}
Edge OTE: D.S. #14 for Post~
A Wheel Change Data Only
Edge
B [Voice s Event Dir Both {2)




ACCELERATION AT 10 MPH (MPH/SEC)

ACCELERATION (MPH/SEC)

3.0k / A RUN 224 .
CONTROL RECORD [P-SIGNAL{SYMBOL
LINEARITY e (AMPS)
1051 1.0 YA
/ 1057, 1102 0.75 g
2.0 /[y __RUN 227
'/ A + 10 Percent 1628! 0.875 O
/ TFull Scale) O
/ Tolerance 0.75 z
S *ORIGINAL TEST DATA
1.0 |~
/ ™. Design
Propulsion
o :
0 1 A i l i L
0.40.5 ,0.6 0.7 0.8 0.9 1.0 +
—/ Controller Input
—
P-Signal (Amps) Brake
NOTE:
o= A ACCELERATION Acceleration Rate
SQg A RATE Obtained From Time
ccb A History of Speed
A (AV/AT)
N
2.0 I e A P-Signal (Amps)
= ”‘*-'“‘é,, Ste o L0
“E%- 5 0.875%
-] S, A —~ Q0.75%
< I o,
1.0 I~
Ty, 4
c)
®
/ %
o E
0 “} ’EBH i
0 60 80

CAR SPEED (MPH)

Note: 600 VDC

Figure 3—1. Acceleration Contro/ Characteristics
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Figure 3-2 presents the acceleration vs car weight from the
original SOAC tests and the repaired SOAC tests for three
different car weights operating in single car configuration.

3.4 DISCUSSION OF TEST RESULTS

In Figure 3~1, the calculated acceleration vs car speed
data as plotted for "P" signal = 1.0 amp from the repaired
SOAC tests shows higher accelerations for the same car
speeds than the original data. This is undoubtedly due

to the uncertainty of assumptions involved. This discrep-
ancy is not reflected in the control linearity plot of
acceleration vs controller input; since the calculated
data is still within the + 10% full scale tolerance band.

In Fiqure 3-2, there are some noticeable differences
between the original SOAC test data and the repaired SOAC
data. These could be due to a zero shift of the accelero-
meter or may be due to the type of filters used in digi-
tizing the magnetic data tapes.

3.5 CONCLUSION

The acceleration test results for the repaired SOAC cars
are sufficiently close to those obtained from the original
tests to conclude that there was no appreciable change in
the acceleration characteristics of the SOAC cars due to
the repair modifications.




ACCELERATION AT 10 MPH (MPH/SEC)

ACCELERATION (MPH/SEC)

/9 P-SIGNAL 1.0 AMP
3.0k CONTROL
: L INEARISY / CAR WT.| RUN | RECORD
/)T (LB)
ol 90,000 230 1309
105,000 | 224 1051
2.0 130,000 ! 229 1428
/ o 10 Percent
/ kTFull Scale) OFIg . Test
, Tolerance +a
/
100 -
CAR WT.| SYMBOL
_/ (8)
Van ? 90,000 O
0 ) n 105,000 A
74 113,000, O
0.4 0.5 ,0.6 0.7 0.8 0.9 1.0 ’
™ ™ Controller Input 130,000 0
/ P-Signal (Amps) Brake
£© ACCELERATION
3.0 A
T‘QDO RATE
UA)
g P-SIGNAL 0.75 AMP
9 0 @ ) A 90,000 LB* |CAR WT.| RUN RECORD
/05,000 Le* | (LB)
2.0 A X73.000 Le* | 90,0001 230 (1313, 1319
o 02 oo s 105,000 224 [1057, 1102
: 130,000 229 |1434
1.0 -/
Q } P = 1.0 Amp
113,000 LB*
P = 0.75 Am
AR } P
0 1 i 1 |

20 40

CAR SPEED (MPH)

Figure 3—2. Acceleration versus Car Weight
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4. DECELERATION TESTS

TEST DESCRIPTION AND PROCEDURES

In general, the deceleration testing was performed by
accelerating the car or train consist to the deceleration
test target speed prior to entering the Station 300 to 340
test zone. At the beginning of the test zone, the motor-
man applied blending braking by means of the Master
Controller. Braking runs were made at car weights of
90,000, 105,000, and 130,000 1lb for single car operation
and 105,000 lbs for 2-car consist. SOAC-P-3001-TT Baseline
Test Procedure was used for each test run. The log of

test runs and records is presented in Table 4-~1. '

TEST DATA

The test parameters recorded on magnetic tape and displayed
on direct read-out oscillographs are presented in Table
4-2,

Time and distance to stop were recorded from hand-held
stopwatches and a surveyor's steel chain with 0.1 foot
markings. Event marks on the magnetic tape records were
used for time measurements also.

The digitized data obtained from the tape recordings was
taken at a sampling rate of one or two second intervals,
using filtering on applicable channels.

TEST RESULTS

Figure 4-1 presents the deceleration control characteristics
from the original SOAC tests and from the repaired car tests
for 105,000~1b cars in one and two car train configqurations
and for "P" signal control inputs of 0.0 amps (full service)
and 0.25 amps. It was noted that the distance reguired to
stop the two car train from a 79 mph "brake" entry speed

was 1,410 ft. The single car retest distance for the same
brake entry was 1,468 ft. Previous testing with solid
whgels at the SOAC specification deceleration rate, re-
quired a distance of 1,687 feet.




Table 4—1. SOAC Deceleration Test Run Log

TYPE OF WHEELS: RESILIENT
MAX OR
DATA INITIAL CAR
RUN RECORD SEEET TYPE OF SPEED WEIGHT CAR LINE
DATE NO. NO. NO. TEST P-SIG (MPH) (LB) NO. DIR VOLTS NOTES
3/22/74 224 1110 14B Blended 0.0 79 105,000 2 Fwd 600 After Car Repailr
1119 Braking 0.25 78
T
o 3/25/74 227 1604 14B Blended 0.0 79 105,000 1 Fwd 600 After Car Repair
1637 Braking 0.25 80 (Train) 2
3/26/74 229 1414 14B Blended 0.0 60 130,000 2 Fwd 600 After Car Repair
1422 Braking 0.25 60
3/27/74 230 1247 14B Blended 0.0 60 90,000 2 Fwd 600 After Car Repair
1254 Braking 0.25 80




Table 4—2. Laboratory Tape Recorder Data Sheet

Performance

Test Title Test Type Deceleration
Specimen P/N __SOAC No, 2 Caxr =~ Specimen S/N Test Location Pueblo
Date Test Eng Tech Tape Type & Size _L in. x 7200 ft 3M
Tape Recorder Model No.___3614 Tape Recorder S/N__7291 = Tape Speed_l1l-7/8 IPS __ Record Mode FM__
Isig cond] Record Quick-Look
Chan Parameter TransduceriGain or |Tape F5 Elect Oscillograph
No. Description  [Type & 5/N| atten | Level IpypelC.E. Remarks Location
301 3.375
1 [Long Accel +0.25G"s +5.00VDQ FM [, T{+ 0.25G's = + 5.00 VDC R/H
302 Nolt/Div. 3.375| 2ero VDC = -5.00 VDC L/H
2 Line E S/N 002 iE.OOVDC FM KC + 1000 VvDC = +5.00 vDC
303 {3000 Amp B.375| zexro ADC = -5.00 vDC L/H
3 |Line I jlall Devicy +5.00VDQ FM 1 RC [+ 2000 ADC = +5.00 VDC
304 Nolt/Div 3,375
4 |¥1 Arm E 5 /N 001 +5.00VDJ FM KC + 1200 VDC = 5.00 vDC L/H
305 [000 Amp B.375
5 [#! Arm I pAM-A-C +5.00VDC] FM | KC + 1000 ADC = 5.00 VvDC R/H
306 [L50A 2 Turns b 375
6 [#1 Field 1 L /10 57 332‘3-2 1s.00vnd FM [go |% 50 ADC = % 5.00 vDC L/H
307 Wolt/Div 3.375
7 |42 Arm E S/N 003 +5.,00VDQ FM KC + 1200 vDC = 5.00 VvDC L/H
.375
308 {000 Amp
8 [#2 arm I M =A~C +5.00VDG FM | KC 141000 ADC = 5.00 VDC R/H
309 $H00 A 5 Turns 3.375
9 |#2 Field I AM-A-C o08=2.5 45, 00vpg FM [ kC |+ 50 ADC = + 5.00 VDC L/H
31¢ 1.0 Amp 3.375
10 (p yire I AM~A-C +5.00VDQ FM KC + 1.0 ADC = 5,00 VDC R/H
311 E.0 Amp 3.375
11 |Analog Valve I M -A-C +5.00VDQ FM | KC 5.0 ADC = 5.00 VDC L/H
315 3.375
12 {Speed Monopole +5.00VDY FM | KC 180 MPH = 626.5 HZ R/H
318 [apor 3.375
13 |prake Press P -309,B51G +5.00VDQ FM | KC  |100 PSIG = +5.00 VDC R/H
3.375
14 [Time Code rig B +5.00vDd FM | KC Both (2)
Edge NOTE: D.S. #14 for Post-Wheel
A Change Data Only.
Edge
B |Voice & Event Dir Both (2)
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Figure 4—1. Blended Braking Load Weight Compensation
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Figure 4-2 presents the blended braking load weight
compensation control characteristics from the original
tests and the repaired car tests for various car weights
in single car configuration, and for "P" signal control
inputs of 0.0 amps and 0.25 amps. It was noted that the
distance required to stop the 90,000-1b car from a brake
entry speed of approximately 80 mph was 1,450 ft. the
same as for the 105,000-1b car.

DISCUSSION

The deceleration rates for all the repaired car tests ex-
ceeded those measured during the original test program
and also exceeded the SOAC specification rates. 1In
addition, the control linearity for the repaired car
tests exceeded the + 10% (full scale) tolerance band.

This result is significant, but no adjustments were made
to the SOAC control system during the test program at the
HSGTC. The SOAC Transit Property Demonstration Program
allows the SOAC acceleration and deceleration rates to be
set to property limits.
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Figure 4—2. Blended Braking Control Characteristics (105,000-1b Car Weight)
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5.

5.1

5.3

POWER CONSUMPTION AND UNDERCAR EQUIPMENT TEMPERATURE
TESTS DURING SIMULATED TRANSIT OQPERATION

TEST DESCRIPTION AND PROCEDURES

Schedule service performance in terms of power consump-
tion, schedule speed and undercar equipment temperatures
were evaluated during sample service runs on a 9.25 mile,
15 station ACT-1 synthetic transit route as shown in
Figure 5-1. The route was run from Station A to Station X
and return for each round trip. Two round trips were made,
one at 105,000-1b car weight and one at 90,000-1b; see
Table 5-1 for Test Run Log. The baseline Power
Consumption Test Procedure RB-PC-5011-TT was used for

each test run. Air temperatures within several equip-
ment enclosures were measured during each run.

TEST DATA

The test data reduction for the power consumption tests
consisted of counting the kilowatt~hour pulses recorded
during the test. Current signals were digitized and
processed to obtain the rms values for the motor armature
and field currents, see Tables 5-3 and 5-4.

The temperature data reduction consisted of determining
the peak parameter temperatures and adjusting to a 125°F
ambient temperature (one-to-one basis). Table 5-5
summarizes these adjusted equipment temperatures for two
test runs (149 and 153) from the original SOAC tests and
for two test runs (228 and 230Q) following car repair. The
performance level of the car during the synthetic route
tests approximates the one-~hour rating of the traction
system.

DISCUSSION

The rms values for the armature and field currents for the
90,000-1b car weight are shown in Table 5-4. A comparison
of the energy consumption between the original test runs
and those following car repairs shows the latter to be
approximately 12% less than the former.
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Figure 5—1. ACT-1 Synthetic Transit Route as Revised for Post-Repair Testing
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Table 5—1. SOAC Power Consumption: Undercar Equipment Temperature Test Run Log

(TYPE OF WHEELS: SOLID AND RESILIENT)

MAX OR
DATA INITIAL CAR
RUN RECORD SHEET TYPE OF SPEED WEIGHT CAR LINE
DATE NO. NO. NO. TEST P-SIG (MPH) (LB) NO. DIR VOLTS NQOTES
3/26/74 228 952 158 ACT-1 1.0 Various 105,000 2 Fwd 600 Resilient Wheels
Route 0.0 80 Retests After Car
(CCwW) Repairs
1018 ACT~1 Rev
Route
(CW)
230 1333 158 ACT-1 1.0 Various 90,000 2 Fwd 600 Resilient Wheels
Route 0.0 80 Retests After Car
(CW) Repairs
1405 ACT~1 Rev
Route

(CW)




Test Title

Table 5—2. Laboratory Tape Recorder Data Sheet

Energy Consumption

Test Type

Energy Consumption

Specimen P/N _SOAC BO. 2 Car Specimen S/N Test Location Pueblo
Date Test Eng Tech Tape Type & Size _1 in. x 7200 ft 3M
Tape Recorder Model No.___ 3614 Tape Recorder S/N 7291 Tape Speed__1-7/8 IPS __ Record Mode _FM__
Sig Cond] Record Quick-Look
Chan Parameter Transducer|Gain or |Tape FS Elect Oscillograph
No. Description Type & S/N| Atten Level |Type| C.E. Remarks Location
301 3.375]
1 [Long. Accel c goypc | FM | KC | #0.25G’s = +5.00VDC R/H
302 10.00 3.375] Zero VDC = Zero VDC
2 |Line E vDC FM | KC | +1000 VDC = ~10,00VDC L/8
303 10.00 3.375{ Zero Amps DC = Zero VDC
3 Line I vDC FM KC +2000 Amps DC = ~10.00 VDC L/H
304 FM |3.375
4 |¢l Arm E 5. 00VDC Ke | 1200 vDC = 5.00 vDC L/H
305 FM |3.375
5 |41 Arm I 5.00VDC KC | 1000 ADC = 5.00 VDC R/H
306 3.375
6 |41 Fld I 5.00vpC | FM | Rc | #50 ADC = +5.00 vDC L/H
307 3.375
7 [#2 Arm E 5.00vDC | FM | KC | +1200 vDC = +5.00 VDC L/H
308 3.375 '
8 142 Arm 1 5.00vDC | FM | KC | +1000 ADC = +5.00 VDC R/H
308 3.375
9 |#2 F1la 1 s.00vpc | FM | XKC | +50 ADC = +5.00 vDC L/H
310 3.375
10 | P Wire 1 5 .00VDC FM KC +1.0 ADC = +5.00 VDC R/H
Total Pwr 317 3.375
11 | congumption 5.00vDC | FM | KC | 1.0 Pulse/0.1 KW L/H
315 3.375
12 |Speed 5.0ovpc | FM | KC | BO MPH = 626.5 Hz R/H
318 " 13.375
13 | Brake Press 5.00vpc | FM KC 100 PSIG = +5.00 vDC R/H
3.375
14 | Time Code IRIG B 5.00VDC | FM | KC Both (2)
Edge
A
Edge
B Voice & Event Dir Both (2)




Table 5—3. Summary of SOAC Energy Consumption and RMS Values for Armature and Field
Currents on Act-1 Synthetic Transit Route {105,000-Pound Car, Run 228).

STATICNS MAXIMUM ENERGY (KW-HR)* TIME BETWEEN
(TWO SPEED DISTANCE PER STATIONS 12 ARMATURE-SEC 12 FIELD-SEC

DIRECTIONS) (MPH) (MILES) TOTAL  CAR MILZ - (SEC ) x106 %103
A-B 60 0.75 7.8 10.4 86.0 20.2 52.62
B-C 70 1.00 10.75 10.75 102.5 26.15 59.25
c-D 50 0.50 5.0 10.0 79.0 14.5 48.12
D-E 60 0.75 7.8 10.4 93.0 19.9 53.63
E-F 50 0.50 5.4 10.8 86.0 14.25 50.25
F-G 40 0.25 3.5 14.0 67.0 10.9 42.0
G-H 40 0.25 3.55 14.2 64.5 9.1 37.25
H-I 50 0.50 5.15 10.3 79.0 14.5 50.0
I-K 80 1.50 14.6 9.73 130.5 39.15 60.8
K-M 80 1.25 13.75 11.0 115.0 33.3 61.13
M-N 40 0.25 3.9 15.6 64.5 12.2 45.63
N-0 50 0.50 5.5 11.0 79.5. 16.1 51.88
0O-P 40 0.25 3.65 14.6 67.0 10.8 43.38
P-X 70 1.00 10.95 10.95 107.0 28.85 56.88
Total x (2) 18.5 202.6 10,95%% 2440 539.8 x 106 1425.64 x 103

RMS VALUE ~ AMP ARMATURE FIELD
SCHEDULE SPEED: 27.3 MPH 2pe\1/2 470.3 24.17
: . (ZI At)
3t

*INCLUDES AUXILIARY POWER - **QRIGINAL TEST DATA = 12.43




Table 5—4. Summary of SOAC Energy Consumption and RMS Values for Armature and Field
Currents on ACT-1 Synthetic Transit Route (90,000-Pound Car, Run 230)

STATIONS MAXIMUM ENERGY (KW-HR)* TIME BETWEEN

(TWO SPEED DISTANCE PER STATIONS 12 ARMATURE-SEC 12 FIELD-SEC
DIRECTIONS) (MPH) (MILES) TOTAL CAR MILZ (SEC ) x106 x103
A-B 60 0.75 6.4 8.55 74.5 16.82 49.22
B-C 70 1.00 8.8 8.8 89.0 22.78 55.79
C-D 50 0.50 5.4 10.8 119.0 ‘ 12.5 61.87
D-E 60 0.75 6.6 8.8 80.5 16.9 52.3
E-F 50 0.50 4.58 9.17 69.0 12.96 46.6
F-G 40 0.25 3.25 12.98 56.0 9.67 41.9
G-H 40 0.25 3.43 13.72 54.5 9.32 34.94
H-I 50 0.50 4.4 8.8 65.5 12.75 46.82
I-K 80 1.50 12.38 8.25 105.0 29,59 58.5
K-M 80 1.25 11.17 8.94 97.5 28.75 55.23
M-N 40 0.25 3.63 14.5 58.5 9.1 33.55
N-O 50 0.50 4.68 9.36 65.0 13.88 48.05
0-P 40 0.25 3.2 12.83 56.0 9.44 43.78
P-X 70 1.00 8.99 8.99 99.5 23.93 53.3
Total x (2) 18.5 173.8 9.39 2179 456.78 x 106 1363.7 x 103
ARMATURE FIELD
RMS VALUE ~ AMP
5 457.8 25.0
SCHEDULE SPEED: 27.5 MPH (EIZAt)l/
AT

*INCLUDES AUXILIARY PCOWER




TABLE 5-5. SUMMARY OF UNDERCAR EQUIPMENT TEMPERATURES ON
SYNTHETIC TRANSIT ROUTE (105,000~ AND 90,000-
POUND CARS ADJUSTED TO 125°F AMBIENT SOAC
DESIGN GOAL)

PEAK TEMPERATURE F

ORIGINAL POST~-REPAIR
RUN RUN RUN RUN

PARAMETER NO. 149 153 228 230
Propulsion blower, outlet air 4 135 146 - -
Chopper box, Interior air 8 141 150 145 147
Chopper box, outlet air 3 142 148 155 175
Traction motor, outlet air 12 183 182 165 175
Traction motor, No. 3 frame 1 151 151 - -
PCU, Interior air 6 147 156 152 160
PPCU, Interior air 9 178 177 154 - 164
APCU, Interior air 10 155 165 149 163
Motor smoothing reactor 7 167 166 155 155
Brake grid air 5 820* 850* 790*% 735*
Motor-alternator, Outlet air 11 169 168 163 172
Air conditioner, Condenser, Input air 2 162 157 - -

Test ambient air 75 79 60 70

NOTES

(1) Performance level - duty cycle: 1l-hour rating
(2) PCU = Power control unit
(3) PPCU = Propulsion power control unit

(4) APCU = Auxiliary power control unit
(5) Run Car Weight (Pounds)
149 105,000
153 . 105,000
228 105,000
230 90,000

*Peak recorded temperatures during brake applications.
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6. RIDE QUALITY TESTS

TEST DESCRIPTION AND PROCEDURES

Testing for ride quality vibration measurements consisted
primarily of following the Baseline Test Procedures
SOAC~R~-2001-TT, SOAC-~R-~3001-TT and SOAC-R-~4001~TT
(abbreviated) for Acceleration, Deceleration and Steady
Speed Runs respectively. The test runs were as follows:

Test Run 221 March 20, 1974 ©SOAC No. 2 Car (90,000 Lb)
Test Run 223 March 20, 1974 SOAC No. 2 Car (105,000 Lb)
Test Run 232 March 28, 1974 SOAC No. 2 Car (90,000 Lb)

The original ride quality tests were performed at five

{5) speeds over each of the six (6) track sections for

a total of 30 data points. Data from these tests showed
that the track construction had very little influence

on the vibration levels; therefore, this series of tests
was restricted to a speed sweep (five speeds) over Track
Section I, (see Figure 5-1), and a single pass over the
five (5) remaining track sections. This is a total of ten
data points.

The accelerometer locations during these tests were exactly
the same as the original test program. The selection
rationale is repeated below:

a. Forward, mid and rear car centerline vertical
accelerometers were located to obtain the
effect of car body vertical flexible modes, and
vertical/pitch rigid body modes on car body
vibration.

b. Forward, mid and rear car centerline lateral
accelerometers were located to obtain the effect
of flexible and rigid lateral/yaw modes on car
body vibration.




c. It was assumed that there was no longitudinal
flexibility of the car, therefore only longitu-
dinal pickup was necessary to measure the rigid
body motion.

d. Vertical mid-car centerline, mid—~car righthand
and mid-car lefthand accelerometers were used to
determine the effect of the rigid body roll modes
on vibration.

e. Forward car centerline lateral and forward car
ceiling lateral were used to determine the effect
of frame racking or car body torsion modes on
vibration.

f. The location of journal box accelerometers was
selected to determine truck response from track
vertical, lateral, and cross level alignments.

Accelerometers used to measure car floor accelerations
were rigidly mounted directly to the underside of the
floor support structure. The lateral accelerometer at
the ceiling was mounted to a stanchion. Truck accelero-
meters were mounted to brackets rigidly attached to the
journal boxes and traction motors.

Car body and journal box locations are given in
Table 6-1.

TEST DATA

As with the original SOAC tests, the accelerometer outputs
were recorded on magnetic tape and digitized to obtain the
peak vibration amplitudes and Power Spectral Densities.

A review of the plotted data from the tests of the re-
paired car showed that the peak amplitudes for the mid-
car vertical accelerations ocurred at the same frequencies
as feor the original car. These are as follows:

1.5 Hz Rigid Body Suspension Mode

7.5 Hz First Car Body Vertical Bending Mode
15.0 Hz Second Car Body Vertical Bending Mode
30.0 Hz Component Induced Vibration Fregquency



Table 6—1. Ride Quality Accelerometer Locations

Parameter Direction Range Frequency
CAR BODY
® Linear Accelerations
Fwd car floor, truck centerline Vertical +.30 G 30 Hz
Fwd car floor, truck centerline Lateral +.30 G 30 Hz
Fwd car floor, truck centerline Longitudinal +.30 G 30 Hz
Centerline car floor, rear end Vertical +.30 G 30 Hz
Centerline car floor, rear end Lateral +.30 G 30 Hz
Fwd car floor LH, truck centerline Vertical +.30 G 30 Hz
Centerline car floor, mid-car Vertical +.30 G 30 Hz
Centerline car floor, mid-car Lateral +.30 G 30 Hz
Car floor RH, mid~-car Vertical +.30 G 30 Hz
Car floor LH, mid-car Vertical +.30 G 30 Hz
Centerline car ceiling, mid~car Lateral +.30 G 30 Hz
® Angular Accelerations
Mid~car centerline Pitch 1.4 5 Hz
Roll Rad/Sec.
Yaw
TRUCK
® Linear Accelerations
Fwd RH wheel, front Vertical +25 G 30 Hz
Fwd RH wheel, front Lateral 125 G 30 Hz
Aft RH wheel, front Vertical +25 G 30 Hz
Aft RH wheel, front Lateral +25 G 30 Hz
Fwd LH wheel, front Vertical +25 G 30 Hz
Aft LH wheel, front Vertical +25 G 30 Hz
Fwd RH wheel, rear Lateral +25 G 30 Hz
Aft RH wheel, rear Lateral +25 G 30 Hz
Fwd motor housing at cg Vertical +15 G 30 Hz
Fwd motor housing at cg Lateral +15 G 30 Hz




The test data was further processed to develcop the

ride roughness values. Ride roughness is a weighted
vibration parameter which accounts for human response
characteristics. This parameter and the data reduction
method is the same as for the original tests and is
described in reference 1.

Figure 6-1 shows a typical peak amplitgde and power
spectral density plot of the ride quality acce}e;—
ometer retest data. Appendix B contains 120 51m1;ar
plots which can be compared to the original data in
reference 1.

Figures 6-2 through 6-~7 present a comparison of some
of the original ride roughness values with those of
retest. Figures 6~8 through 6-11 present the peak
journal vibration amplitudes vs frequency at car speeds
of 35, 45, and 80 mph. Figure 6-12 shows a comparison
of the original and retest vibration levels together
with the SOAC design goals for vertical and lateral
accelerations at mid-car and aft car centerline loca-
tions respectively.

DISCUSSION

Test run No. 221 test speeds were higher than those
specified in the test procedures due to an error in the
SOAC Speed Maintaining System, nevertheless, the data
has been included in this report. The maximum true
speed was 94 mph.

With respect to the original tests, all levels in

Figure 6-1 except the 15.0 Hz response are lower. The
15.0 Hz bending mode is sharply dependent upon speed and
a very small difference in speed between the original

and the re-tests could account for the level differences.

The first comparison, Figure 6-2, shows the effect of
speed for the SOAC aft car lateral ride roughness for
the original and the retest cases. The data are very
similar with only the 80 mph point being slightly
higher.

Figure 6-3 shows the effect of speed for the SOAC

forward car vertical ride roughness. The data between
the two tests is very similar. The retest levels

diverge and become higher than the original test levels
above 50 mph. The journal box accelerations reveal

that the test track or wheels were rougher during the re-
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test period. The values of the car body ride roughness
and the car speeds at these higher values is consistant
with their being induced by these "rougher" conditions.

The mid car vertical ride roughness as a function of
speed 1s shown in Figure 6-4. The two sets of test
data are very similar except at the 80 mph point. This
is the point where the wheel revolution frequency
induces the second car body bending response. The
"rougher" test conditions appears to have excited a
greater response than in the original tests. Examina-
tion of the peak amplitude spectral analysis plot for
this data point (Figure B-71 of Appendix B) reveals that
the 15.0 Hz response is strongly dominant in the 80 mph
test, and supports the conclusion above.

The three comparisons mentioned above are for the
950,000~pound empty weight High Density SOAC. Although
there are some excepticns, most of the vibrations at
specific freguencies are lower, but not noticeably
different from the levels experienced in the original
tests. The following comparisons are made for the
105,000 1b High Density SOAC.

Figure 6-5 shows the speed effiects for the rear aft car
lateral ride roughness. The levels are the same as the
forward car vertical ride roughness, Figure 6-6, where
the levels are similar for both sets of data.

Figure 6-7 shows the mid-~car vertical ride roughness
levels as a function of speed. The divergence of the
ride roughness levels for the higher speeds is consis-
tent with the "rougher" test conditions described above
for the 90,000~-pound car tests and for the journal bhox
accelerations described below.

Figures 6~8 through 6=10 show the journal box acceleration
levels for the 90,000- and 105,000-1b car tests. As shown,
the levels are twice as high as the original data, but in
a low significance range. The reason for these level
changes may be found in the test track use during the
interim between the original and retest programs (August
to December 1973). Track Section I is the only access
rail between the Test Center and the commercial rail
lines. This section of track saw a great deal of heavy
freight traffic due to the FRA construction at the Test
Center. The rails over Track Section I were therefore
rougher, or more irregular, than they were during the
original tests. It is obvious that in order to ensure
more accurate repeatability in the test data, considera-
bly more attention must be made with respect to track




condition, even for an isolated test track such as the
Rail Transit Test Track. If the Retest journal levels
shown were more significant, or if more accurate repeat-
ability were required, the track would have to be cor-
rected and the tests repeated.

Comparison of the retest data to the SOAC ride quality
goals is shown in Figure 6-11. As noted in the previous
discussion, most of the levels are below the original
test data levels. As mentioned the level of the second
order bending mode at 15 Hz is strongly dependent upon
speed and this might account for the difference between
the retest and original test data levels.
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7. INTERIOR NOISE TESTS

TEST OBJECTIVE

An additional test objective for the Interior Noise Tests
over and above that of obtaining Post-Repair vs original
test data comparisons, is to obtain an evaluation of the
effectiveness of the air duct silencer installation in
reducing the blower noise propagating into the car through
the grills to give more uniform sound levels throughout
the car, see Figure 7-3.

TEST DESCRIPTION AND PROCEDURES

Interior noise measurements were taken on Car No. 2 with
resilient wheels while at rest, and while operating over
the HSGTC Rail Transit Test Track Section I at a constant
speed, which was varied between test runs from 15 to 70
mph. The test data was obtained from a portable noise
measurement system (see Figure 7~1) consisting basically

of a 1/2-inch condenser microphone and a two (2) channel
tape recorder operating at 7 1/2 ips with a gain/attenuation
system consisting of 10 dB incremental steps. The micro-
phone was placed at the car locations shown in Figure 7-2
and positioned at the ear level height of a seated passen-
ger unshielded from the noise sources. All testing was
done with a car weight of 90,000 1lb. The test procedure
was in accordance with Baseline Test Set SOAC-PN-1001-TT-1.
The log of test runs and records is presented in Table 7-1.

TEST DATA

The magnetic tape records were processed through a data
reduction system utilizing an "A" weighting network as
shown in Figure 7-1. All data has been converted to
sound pressure levels referenced to 2.0 x 10~2 newtons/
square meter.

TEST RESULTS

The plot of weighted sound levels versus car speed as
shown in Figure 7-4 compares the post-repair test results
with those obtained from the original tests. Figure 7-5




MICROPHONE

MICROPHONE

B&K 4133

!

|

I
FIELD
CALIBRATOR
B&K 4230

POWER SUPPLY

KUDELSKI

TAPE RECORDER
KUDELSKI
NAGRA IV SJ

NOISE MEASUREMENT SYSTEM

TAPE RECORDER
KUDELSKI
NAGRA IV SJ

SPECTROMETER
B&K 2112

DATA REDUCTICON SYSTEM

GRAPHIC LEVEL
RECORDER
B&K 2305

Figure 7—1. Block Diagrams for Data Acquisition and Reduction Systems




el il D EEn oo mnl e gl oo o
2080 mn

[N 7 P——

57 - @— - 52 : @
E@m m A
- EEE BN EEr ... BER BRI RIS ...

1. NO.2CAR (HIGH-DENSITY) SEATING PLAN
2. O RETEST MICROPHONE LOCATION

Figure 7—2. Interior Noise Measurement Positions




SILENCER INSTALLATION AT ‘A" END
OF CAR ALSO TYPICAL FOR ‘B’ END

DETAIL OF SILENCER

Figure 7—3. Location of Silencer in Return Air System



Table 7—1. interior Noise Test Data (Sheet 1 of 2)

WEIGHT WHEEL TRACK VELOCITY TEST WEIGHTED SOUND
CAR CONDITICN {LB) CONFIG SEC MPH LOC TAPE NO. PT LEVEL (dBA)
2 No return 90,000 Resilient, 1 0 49 13-B-24 1 65.5
air supp- wheel flats ; 51 2 64
rYessors 55 4 62.5
60 5 69
15 49 7 66
51 8 65
55 9 64
60 10 69
25 49 14 65.5
51 13 65
55 12 64.5
60 11 69
35 49 15 67.5
51 16 66
55 17 65
60 18 67.5
50 49 22 67.5
51 21 66
55 20 66
60 19 70
70 49 23 77
‘ 51 24 73
55 25 71.5

60 26 77.5
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Table 7—1. Interior Noise Test Data {(Sheet 2 of 2)

"WEIGHT WHEEL TRACK VELOCITY TEST WEIGHTED SOUND
CAR CONDITION (LB) CONFIG SEC MPH LOC TAPE NO. PT LEVEL (dBA)
2 With re- 90,000 Resilient, I 0 49 13-B-25 18 61
turn air trued 51 19 .63
suppress- wheels . 55 20 64
ors in- 60 21 65
stalled

17 49 13-B~25 24 61.5
51 25 64
55 2 66
60 3 67

29 49 13-B~26 4 62.5
51 5 64
55 6 64

60 7 74.5
42 49 12 64

51 11 64.5

55 10 64.5
60 9 76
61 49 13 69

51 14 68.5
55 15 68
60 16 71

86 49 17 74.5

51 18 74.5
55 22 70

60 21 73.5
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presents the sound levels with and without the air
conditioning duct silencer installation, as obtained
during the post-repair testing.

DISCUSSION OF TEST RESULTS

Figure 7-4 shows sound levels for the post-repair testing
to be higher than the original test by 2-4 4B, including
the car at rest. The reasons for this difference are not
known but the following items are pertinent:

(a) The noise from the air conditioning system blower
at the forward end of the car near Location 49
(see Figure 7-2) may be greater after the repair
than before. No airflow or noise data were obtained
during the original test program which would bear
this out.

(b) Several flats were not completely removed from the
wheels prior to the re-test. Therefore, there would
be some additional noise due to these flats.

Figure 7-5 shows the noise level at Location 60 was
reduced generally to levels that existed at other
locations prior to silencer installation.

CONCLUSION

The post-repair measured sound levels without the si-
lencer installation fall within the total envelope of

the baseline data measured in both SOAC cars. Additionally,

it may be concluded that the air conditioning air duct
silencer installation did have a beneficial effect in pro-
viding more uniform sound levels throughout the car.
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d. WAYSIDE NOISE TESTS

TEST DESCRIPTION AND PROCEDURE

The acoustic noise levels generated by the No. 2 SOAC car

equipped with resilient wheels at a car weight of 90,000
1b were measured at distances of 15, 50 and 100 feet
from the track centerline on the outside of the test oval
and at a height of 3 feet above the plane of the tracks
at track Station 156 located in Track Section I (see
Figure 8~1). Test measurements were made with the car at
rest and with the car travelling at constant speeds of
15, 25, 35, 50 and 70 mph past the microphone location.
The test procedure was in accordance with Baseline Test
Set SOAC-CN-1001-TT.

TEST DATA

The magnetic tape records were processed through a data
reduction system utilizing an "A" weighting network as
shown in Figure 7-1. All data was analyzed in terms of
"A" weighted sound levels (dBA) and normalized to account
for several ambient wind conditions as was done for the
original test data.

TEST RESULTS

A plot of "A"™ weighted sound levels versus car speed is
shown in Figure 8-2 comparing the post-repair test re-
sults with the original test results for the recording
microphone located 50 feet from the track centerline.
Figure 8~3 presents the post~repair test sound levels
versus car speed with the microphone located at 15, 50
and 100 feet from the track centerline.

DISCUSSION OF TEST RESULTS

The test data from the original test program showed a
sound level of 70 dBA for the No. 2 car at rest, and
equipped with steel wheels. The data for the same car
equipped with resilient wheels at rest was slightly
lower. The difference was attributed, at least in part,
to wind and weather and the fact that the microphone
was positioned slightly beyond the prescribed 50-foot

8-1
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distance. Therefore, the test data for the resilient
wheels were normalized to pass through 70 dBA at zero mph.
In keeping with this precedent, the post-~repair test data
were also normalized in the same manner.

A review of the post-repair test data in Figure 8-2 in
comparison to the original data, shows the former to be
slightly higher from 50 mph up to 70 mph. This has been
attributed, in some measure, to slight wheel flats which
were audible during the tests.

A review of the data plotted in Figure 8-3, which pre-
sents the noise levels with the microphone at 15, 50 and
100 feet, shows that the reduction in level in going from
50 to 100 feet is somewhat greater than the 6 dBA ex~
pected according to the inverse square law.

CONCLUSION

The post-repair test results are in substantial agreement
with those from the original tests.







9. STRUCTURE TESTS

SUMMARY

Test Seqguence

Test Run 232, March 29, 1974, SOAC No. 2 at 90,000 1bs.

Test Procedures

SOAC-S-1001-TT, SOAC-S-2001-TT and SOAC=-S5-3001~-TT were
the test procedures used for these tests.

Objective
The objective of this test sequence was to determine the

changes, if any, in the SOAC truck component loads due
to the August 11, 1973 accident and subsequent repair.

Status

After the test run was completed and the data were re-
duced conistent with the original SOAC HSGTC Tests, the
load levels were found to be consistent with the original
test data.

TEST DESCRIPTION

The accident of August 11, 1973, caused some damage to the

structural section of the SOAC instrumentation system. All

of the displacement transducers and mounting brackets had

been removed prior to the above incident, and were there- 5
fore not affected. During the accident, all of the damper

rods connecting links were destroyed. These were calibrated

strain sensors. The connecting links were replaced, Garrett

AiResearch applied strain gages and calibrated the system.

During the repair preogram, the SOAC trucks underwent an
intensive series of inspections and tests which necessitated
the removal of the truck frame strain gages. These were
replaced at the Boeing Vertol facility prior to the truck
assembly build-up.

9-1




The undercar cabling assemblies were either damaged or cut
during car shipment. These assemblies were checked and re-
paired by Garrett technicians at the Boeing Vertol
facilities. System checks on the structural section of

the SOAC instrumentation system were completed at the HSGTC
prior to the test runs. A description of the truck load
paths as reported in the original tests follows.

The purpose for examining the structural integrity of
railcar trucks is to determine if strain levels exist
within the assembly which are significant with respect

to their effect on the useful life of the component.
Present technology in truck designs is based largely on
static conditions. Components are designed to a static
set of conditions and healthy safety factors are added.
However, very little is known about the dynamic conditions
of the completed assembly. Very little data is available
on the loads induced in a railcar truck under normal
operating conditions. A description of this loading is
required to predict the useful life of the system and to
determine the operating design safety margins.

On the running rail interface side, loads are induced

into the SOAC trucks from the axles through the.chevrons
(C) on Figure 9-1). These are determinable by measuring
the deflections of the chevrons while the vehicle is opera=-
ting. The deflections may be converted to loads through

a statically determined relationship of deflection as load
characteristic for the chevron. For the SOAC chevrons this
is a temperature dependent linear relationship of 30,000 1lb
per inch (1). During the SOAC testing, the chevron tempera-
ture was monitored to assure that it remained within a
tolerance band which validated the above relationship.

On the car body interface side, loads are induced into the
SOAC truck assembly through the airsprings, the damper
assemblies, and the bolster anchor rods. The method for
examining these loads is described below.

The main loads are induced through the airsprings. The
static loads are determined by the vehicle weight. This
can be converted to air pressure in the airspring.
Changes in airspring volume, which occur only by vertical
deflections, reflect changes in pressure and therefore,
load changes. The loads induced through the airspring
are determinable by measuring the airspring deflections.

The damper assemblies function is to dampen the rate of
change of loads between the trucks and the car body. The
damper rod connecting link ((:) on Figure 9-1) is a con-
venient path and was instrumented for the SOAC tests.

The two vertical and two lateral connecting links were
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Figure 9—1. SOAC Truck Assembly Instrumentation
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strain gaged and calibrated at the Garrett AiResearch
facility.

Longitudinal forces are induced into the truck by the
vehicle acceleration, through the axles and through the
Bolster Anchor Rod Assemblies. The SOAC Bolster Anchor
Rod Assembly is a rod and-~tube assembly and does not lend
itself to instrumenting by strain gaging.

The method used was a deflection measurement which could
be correlated to longitudinal acceleration to determine
load. This correlation need be done only once at a known
vehicle weight.

In addition to sensing the loads induced into the truck
assembly, two points were selected to monitor the loads
within the truck frame. Static load tests completed dur-
ing the SOAC design cycle defined the load paths within

the truck frame. Two of the highest stress level

locations were selected to be monitored during this

test. These locations were strain gaged and A/C coupled
in order that only the alternating loads could be examined.

INSTRUMENTATION

The complete description of the SOAC structural section
of the SOAC instrumentation system is described in Refer-
ence 1, Volume 6. Table 9-1 is the structural parameter
list.

TEST DATA

As with the original data, the structural parameters

were recorded in analog form on magnetic tapes and played
back through an oscillograph to obtain a time history
strip chart. A listing of the test points is found below:

STRUCTURAL RETEST TEST POINTS
Run 232, March 29, 1974, SOAC No. 2, 90,000 lbs

RECORD NUMBER SPEED, MPH TRACK SECTION
1027 20 I
1030 35 I
1032 50 I
1035 60 I
1037 60 North Rail Gap
1038 60 IV
1039 60 \Y
1040 60 v
1041 60 IT1
1043 60 IT
1044 80 I
1045 Braking I
1046 Acceleration I

9-4



Table 9—1. Structures Test Instrumentation Locations

Channel Forward Truck Range
1 LH Air spring Vertical Displacement + 1.01In.
2 RH Airspring Vertical Displacement + 1.01In.
3 LH Airspring Lateral Displacement + 1.0In.
4 RH Airspring Lateral Displacement + 1.0In.
5 LH Vertical Damper Load + 1500 Lb
6 RH Vertical Damper Load + 1500 Lb
7 LH Lateral Damper Load + 1500 Lb
8 RH Lateral Damper Load + 1500 Lb
9 RH Bolster Anchor Rod Displacement + .251In.
10 LH Bolster Anchor Rod Displacement + .251In.
11 RH Fwd Chevron Vertical Displacement + 1l.In.
12 LH Fwd Chevron Vertical Displacement + 1.In.
13 RH Aft Chevron Vertical Displacement + 1.In.
14 LH Aft Chevron Vertical Displacement + 1l.In.
15 RH Fwd Chevron Lateral Displacement + 1.00In.
16 RH Aft Chevron Lateral Displacement + 1.001In.
17 Truck Frame Strain Gage Absolute 0-10,000 psi
18 Truck Frame Strain Gage Absolute 0-10,000 psi
19 Temperature of RH Fwd Chevron
Aft Truck
20 RH Fwd Chevron Vertical Displacement + 1.1In.
21 RH Fwd Chevron Lateral Displacement + 1.01In.




Figure 9-2 is a strip chart of one test point, i.e. 60 mph
over Track Section III. This chart illustrates that the
relationships of load levels and phasing are similar to the
original test data. No significant trends or data differ-
ences can be reported.

Figure 9~3 shows the right hand foreward axle chevron
vertical displacement plotted as a function of speed
in comparison with the original test data. As noted
above, there is no significant difference.

Figure 9-4 compares the right hand forward axle lateral
displacement with the original test data, and again there
is no significant differences.

Figure 9-5 compares one of the truck frame strain gage
levels to the original data. Although the 80 mph data is
slightly higher than the original data, it remains well
below the design criteria for truck loads.

It can be concluded that the structural section of the
SOAC instrumentation system was successfully repaired
and that the original test data remains a valid baseline.
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APPENDIX A
TEST SET SUMMARIES

The following test sets are summarized in this appendix.

Description Test Set Number
® Acceleration SOAC~-P-2001~TT
® Deceleration, SOAC=-P-3001-TT

Blended Braking
® Power Consumption SOAC-PC-5011-TT
® Ride Quality SOAC~R-2001-TT

SOAC-R-3001~TT
SOAC-R-4001-TT

® Structures SOAC-S5-1001-TT
SOAC-S-2001-TT
SOAC-S~3001~-TT

e Effect of Speed, SOAC-PN-~100~TT
Interior Noise




TEST TITLE: ACCELERATION

TEST SET NUMBER: SORC-P-2001-TT

TEST OBJECTIVE:

To substantiate the SOAC car's level of performance following
car repairs.

Mv
TEST DESCRIPTION:

The SOAC car was accelerated at the required controller command
(P-Signal) on level tangent tract. The following combinations
were tested: '

PROCEDURE PRIME TEST
OPTION VARIABLE CONDITIONS
(4) Controller Level P =1.0 &§ 0.75
(6) Line Voltage Nominal 600 volts
(5) Car Weights 90,000, 105,000 and 130,000 Lb
(3) Car Direction Fwd ‘
(7) Train Consist No. 2 car (High Density and

Two car train

-

STATUS:

The post-repair acceleration test results were sufficiently close
to those obtained from the original tests to conclude that there
was no appreciable change in the acceleration characteristics due
to the car repairs.




TEST TITLE: DECELERATION - BLENDED BRAKING

TEST SET NUMBER: SOAC-P-3001-TT

TEST OBJECTIVE:

To substantiate the SOAC car's level of performance following
car repairs.

JF

TEST DESCRIPTION:

The SOAC car was decelerated at the required controller gommand
(P-signal) on level tangent track. The following test combinations
were tested: 7

PROCEDURE PRIME TEST
OPTION VARTABLE CONDITIONS
(5) ContZXoller Level P=0& 0.25
(6) Car Weights 90,000, 105,000, and 130,000 LK
(7) Line Voltage Nominal 600 Volts .
(8) Train Consists No. 2 car (High Density) Two
Car Train
(4) - Train Direction FPwd
Car Sgeed 80 mph, (60 mph @ 130 KW)
STATUS:

The deceleration (or braking) rates of the Post Repair Tests ex-
ceeded those of the original tests, and the SOAC specification
rates. In addition, the control linearity for the repaired cars
exceeded the 10% (full scale) tolerance band. In neither case
were the results sufficiently different to warrant further ad-
justements to the systems while at the HSGTC.




TEST TITLE: POWER CONSUMPTION

TEST SET NUMBER: SOAC-PC-5011-TT

TEST OBJECTIVE:

To substantiate the SOAC car's energy consumption, summary com-—

parative data was obtained during this test in order to develop

the methodology for presenting the property test results. The
sxnthetic route is the same as the route used on the Engrg. tests.

TEST DESCRIPTION:

The SOAC car was operated over a simulated route, stops from
Station A to 0, and round trip from O to A. Total power consumed
(traction plus auxiliary) using normal service performance was
measured for each stop and the round trip. '

PROCEDURE PRIME TEST
OPTION ‘ VARIABLE CONDITIONS
(1) " Car Weight 105,000 Lb
(4) v Line Voltage Nominal 600 Volts
(5) Train Consist No. 2 Car (High Density)
STATUS:

The rms values for the armature and field currents for the
90,000~1b car weight were slightly less than those for the
105,000-1b car weight. A comparison of the energy consumption
between the post-repair testing and the original test runs
shows the former to be approximately 12% lower.




TEST TITLE: RIDE QUALITY

TEST SET NUMBER: SOAC-R-2001-TT
AC-R- 1-TT
SOAC-R-4001-TT

TEST OBJECTIVE:

To determine the effect of the SOAC repair on. the SOAC Ride
Quality.

TEST DESCRIPTION:

The Ride Quality measurements were obtained with SOAC Car No. 2
travelling over Section I of the Transit Test Track (HSGTC) at

five different speeds and a single pass over the five remaining
track sections. Car weights were 90,000 lbs and 105,000 1lbs.

STATUS:

A comparison of Post-Repair Ride Quality Test data to the
original test data shows that for the former, most’acceleration
levels are lower. The level of the second order bending mode
at 15 Hz is strongly dependent upon speed and since the Post-
Repair test was run at a higher speed, this might account for
differences between the re-test and original test data levels.




TEST TITLE: STRUCTURES

TEST SET NUMBER: SOAC-S~-1001-TT
SOAC-S-2001~TT
SOAC-S-3001-TT

TEST OBJECTIVE:

To determine that truck component loads are similar to the SOAC
tests prior to repair.

TEST DESCRIPTION:

. The structural loads induced into the body and the truck frame
stresses were measured on No. 2 SOAC Car at 90,000 lbs car
weight, while travelling at various speeds around the transit
test track from 20 mph to 80 mph.

STATUS:

Generally, the test loads and stresses as measured during the
Post Repair Testing were consistent with those obtained during
the original test program.




—

TEST TITLE: EFFECT OF SPEED-INTERIOR NOISE

TEST SET NUMBER: SOAC-PN-100-TT

TEST OBJECTIVE:
To determine the effect of the SOAC repair on SOAC Interior
Noise Level, and to evaluate the effectiveness of the air
conditioning air ducet silencer installation.

TEST DESCRIPTION:

Interior noise measurements were taken on Car No. 2 with
resilient wheels while at rest and while operating over the
HSGTC transit test track (Section I) at constant speed, which
was varied between test runs from 15 to 70 mph.

STATUS:
The Post-Repair measured sound levels without the silencer
installation fall within the total envelope of the baseline data
measured in both SOAC cars. The air duct silencer installation
had a beneficial effect in providing more uniform sound levels
throughout the car.




N -

TEST TITLE: EFFECT OF SPEED - WAYSIDE NOISE

TEST SET NUMBER!: SOAC-CN-1001-TT

TEST OBJECTIVE:

To determine the effect of the SOAC repair on _SOAC Wayside Noise
Levels.

[ e

TEST DESCRIPTION:

Wayside noise levels were measured for Car No. 2 at a weight

of 90,000 pounds with resilient wheels. The measurements

were taken at 0, 15, 25, 35, 50 and 70 mph with the microphones
placed at 15, 50 and 100 feet from the track centerline.

STATUS:

The Post—Repair test results are in substantial agreement with
those from the original tests.




APPENDIX B

RIDE QUALITY PEAK AMPLITUDE AND POWER SPECTRAL
MACHINE PLOTS

Figures B-1 through B-120 are machine plots of ride quality
peak amplitude and power spectral density. Figures B-1

through B-80 are for the 90,000-pound car; Figures B-81 through
B-120 are for the 105, 000-pound car.

Sensor location can be determined by the second line of nota-
tion at the top of each plot. A sample notation is as follows:

FWD RH JB FT VRT 101

This represents: forward right-hand journal box front vertical
acceleration; the numeral is a run number. Other abbreviations
include: C/L, centerline; LAT, lateral; LONG, longitudinal;
and MID, mid~car.




HEGH UENSITY Can

s?no

1
i
3
¥
d
i
}
T

3/207 74

0 APl TRK SEC

33 KLB

A
-

. Ag.0C

!

|

e s
I
I
|
i
i.
i
!
i
f
!
-
1
H
e
¢
4
i
!
g
i
N
i
i
i
! !
Q0 14D,
L kA NE
e
H
i
—
|
T
L
i
i
1

) 35-00

]
1
!
P
]
|
!
!
;
i
Suns
aY

Lo podee b
|

]

ek -

ECYE

W

200
i

RE

H

!
i

| A*JN”\
| ;"@Fﬁ |
ﬁ—iﬁ*
z;

|
|
opd RE
|
{

D
T
|

| ;RH..T‘LB;

: P

T
i

i
}
-+
)
PR S o
!
o i g
; ;
s

. A

{HD

Figure B-1l
B-2

H

'

- orla  ; escg
AT fx.,dL .},,ﬁw‘»,mam

g

DNW ! B g . Do~
J‘mtmwu,wmwauxﬁ w

8
.00
N
S

K30

el S R — Fou
B t
' :
- 1 S 4 - - ————




G S

|

po

ek b e}

.
~

943
1pz |

.

H_BL AT,

BOAG RER 97 §E

'F—NDR

i

1
i

3/244 7%
5rC b

I GH BENSITY CAlt
10 KLU
20 PHOTRK

H E}J.ﬂﬂ
i .

0
Ly

A S i R
| .

‘g4

+

i
-rl 4 : t
| ] :
Thpz o
;

.80

ER 87 R

2
“FReslERe

D) [RHIBL FI7

PR IIM“CIWIH - -WIIL

.lnﬂ‘l b
o
i 278

D
e
| t $

oy L bOUE
‘ M»:azu.m;_m

Figure B-2

B-3



Lt -
<7t~

A~
o
el
~
'.H")K
v o
= | d
w

o oz vt
- Q.
Tl
L5y

-
peollea B

EPR U A

oo . , RN B , A

"sh.do

T

L 943

i1

§

£

G

88 H
]

Fy
-

REE

il

Figure B-3
B-4



3729774
SEC 1

APH TR S

HIGH DENSITY CAR

38 RL3
20

: : ' . : o
[ !l_ A ! ! R . Fon _!.!_ : mci
Pos P R > ‘ i 9 M
B _ . e V%
w " : h : : ! I
I bt PR B . e E.+,n N S SV OV SO
: _ L ] M
B ] T @ -
_ e P PRSI WIVC S, SN PR S §oe b e s -
A ! ne
: ‘ -
e —1 I
g
Lo P
ey TR T
(S
= o

o

*

b
he

o

EQ. Bt

e ol f‘}

By
REEE
50RG R
BET |C4

|

Figure B-4
B-5




e B

-

e

e T
o O
2T

ERT -

s

i

R
_ ;
|

BEEIS SR SO MLt N

Figure B-S

B-6




HIGH DEHSITY CAR
3729774
20 APL Tak SEC I

40 KLD

- : *ﬂ ; —— i ;

} ! ;

. i |
[ S e — ¥ SR

e e H i 1 : '

-+ — - p— — +

! i

- 4

943
115

?Efj

B

"

H

REC 83

.

Figure B-6
B-7

oo

L | YERT

10 ciL i

4

0RQ RES

-
D

.

g REG B
CAL

7

0
1

i .
ek




;érha
l‘. ;

3
N

"t
<
RS

Py
>N

-~

-l

3~

=z v

=

EEp-
S5E
-
¢
-
el

943
117

if
|

98 RE

VERT..

!

Figure B-7

B-8




HiGH DEMSITY
Ju oL 3/2
SiPHOTAK GEC

20

EX

| o
, e
o

~-

‘ o)

za&:-ﬂ

e

8

FRece

0

REQ BE REC

b
3

C/LN

B

“ m.m.umzmm m%mmmﬁmmﬂ. R

T
|
1
i
i
s
1
i
i

Figure B-8
B-9



RS

DENSITY

Jdai

Chu
31070

{1PH TK SEC

o KLu

| 15.¢0

40|

1

i

: ) :
.
|
/\Mf¢~l

AN

T

'
[ S
rerfpn

|
t
o

1
|
§
i
|
]

ﬂ‘i

1
t

i ,
R

S

|

I

RE
-
T
|

-
e

50RO REQ 97

i!
1
DN
|
o

o

JU GV

Ci

i

'

[ H
[N A A
: +

i

A
|
L
|
|
%
|
|

1

y v _Lu »

REQ 97

i

WD RH UB_E

i

f
|

=

o

!cb.
bl L L

BORC

. _FWD |RH

iy

oo-

Figure B-9
B-10



CAR
3/29/ 7

DENSITY

HiGH

00

B " 3 I i e - v+ v+ oo
I B , : T ;
SN - m ‘ S I B e
: : { { _
1 { { .
B N B ok - - ]
. i . 4

90 KL
25,0 :APH TRK SEC |

|

) sr

|
IO IR RV
a
1,
i_.
M
D
}

PRUTHS A Se

.a

FREGYE

20

Edﬁ%

87 REC 12
AL LR
SN
|
{

ao

Pa& 284

LS
iz
AL AAAAA
i 1v p - ;,yf v
|
o
oy |
7 REC 121§
A

REP |

0
c

g
Figure B-10

B-11

®

. F

R
%
!
|
|
|
|
H+

1p.go

b
|
|
|
|
AENEaN
|
|

oA
0]
At -
3

i

KD RH

A

5BRC RE

'“hm¢

, 0 -t , L. i i : Jﬁ
o R m-aﬁmwgaiam éu%

F
|

|

:

. ,.Jj. JIG NUNE S S



g

DENSITY CAR
3729774
HPH TAK SEC |

30 KLB
i5.6

HIGH

.40

{
E
'

- ‘ e _,tM‘_‘_‘,_ .

Ll

§7 REG 128

s A.‘TM

,«
1
- —— 3 .
1.
! L
!l" IN‘ i
wd LT i R
o r ; ,
R N t i + > H ¥ 3
_Hzmﬁ B S S S O S - .
S i
A3 Lad

.s1mmuuwwmqmmm.w~uwmmu Mga

Figure B-11

B-12




CAR

DENSITY
3429774
25,6 «PH TRK SEC 1

HTGH
20 KLB

i
i

4D .00
i

R Wl

Figure B-12

N
v

ik 9 !

¥

REQ 87 REL

41

T
. BET

arg - | a0
a8 NMAMBd o

ey

I

B-13



CAR
3729/ 7h
APH TaK SEC 1

DENSITY

30 KLB

5.6

1 GH

i 4
T R T
H
f [
S T e,
i P ;

1z1b

A

EC

i
H

T
Sl

{VE

i

|
'

JOONS Sp——
T
i
|
¥

P S

Figure B~13

e

pOAG R

RET_|CAL|LAT).

B-14




e b -

CAR
3723/ 74
SEC 1

DEHSTTY
25.G MPH T2

HiGH
J0 KLG

. e e } SUUCTUUUR UUNUIOUS NS o
_r i ! H 0 T R B PR
. H e 3 . N { N
4.1 K ” . o F o
Al fe ] . . b +
; SR S N SR S S
| . : : o :
t R — e (l*')N!l p—
b e L i b . . =]
+ SRR =
L Lo i S -
4 - T i e ; \
H { ! - B
s i €3 ==
O
o%

HER

1 o

b

!

|

1
go.0p |

chil

|
i
T
e

i
X
- gﬁ'g

Liy

[

pORC REE B7

m? . .mﬁnmlmué ui%

Figure B-14

B-15



NENSITY CAR
3729/ 74
Pt THK SEC |

KLi

J1GH
70
5.0

'
i
{
L
1
i
i
T
1.—.
1
{
1
i
|
-
'
1
o
P
|
-qc
i

i
T
i
|
i

1
1

2

.
wm ‘Mtﬁmz

.. - | i

H . '

s —

E{

i

"REQ BT REG1ZfiS |

RY | YE

'

!
|

i

1
E

6“‘!2;.8

10 {RH

Figure B-15

B-16

-

4__&' "T‘“f




=
[ESR -y
= =N
oL
-
prabt )
<& B
—2 10
=

L

i
|
{
I
F
H
{
|
1

. i 5 (4]
R TR N~ S SN S - - e C e o
L oy e i “ , ] | :
i w - t\P\l - d + + et : 1 !_# e i
i i IR o S TR SR ot ST SRR SO URUS S 4= - i | B S
R ] . . SR N R : N m M
PO ° H N 1 M N - i ! : : m ||P|1! ‘ 47' -
Lo S S N - 1 ¥ - TS T S G A S - : A a.
L ; . - : ri ! ! | i j ! e la.
b R Ty i - = i i : : -
W,;.“ SS JUNEVENY UGS M- S LI TR EUINY I W [ R SHRN - - Rt IEERES DR

, , : i o | T NEEEEE » o
w. _ 7 arx~ YT T s S w nﬂ.wz TTTTT ;|. f T T et R M . oht
s i H N ] ! H H ..\..!rm.\.lia.lr.\l O B s R : . j )
i . . X " S ; . : : 6. ) ; .
msmi [ SRR S ,::w« SIS e m - - e 1. x»lli 5.&3“. m!l .,..:M i _ : NLEEN 2 B P S
prmt : o " = — ; HE i !
"2 . } L = o B n - 2. v ;! [ i A
o DL B N A 0 S B A e B AN M A Vot
- i i ya : H :

il T L 1 Tt — ;

ey B AE
YERT

i1

L e

24

EEmE T

g
i

0g

"

-y
e

i

.wax_%‘&emﬁmum, -
- i 1

A

Eﬁfﬂf"ﬁ"ﬁ
EWD (/L

1

.
|

bt

Figure B-16

B-17




e RO

3/23/74
35 (P TR STC

HIGH DENSITY CA
ALB

o

sF .00

. H
et e o oo e

|

-

i

! I
e

'

}

S—

o
© ap.oo |
i

{
*
i
P
i

L4
|
RN
},

!

T
{
{

§
i

- !”‘Thk R

I

o0 |
4

e
{
%

H
i
j
1; "
i

B0

B4s
g1

|

}

|
™
¥
l
T
i
:t\r\ }]\ i
S 5
{
|
¢
}
W [
}
I
1
|
oom

ge .
NCY

o

7 RE¢

-
N ETIR
GUENCY
8
Tl
|
]

c?fé

g

|
T
i

REP
- L .

RH

"

o

1
8

i

{
T

4
i
1
ot
; ]
i
[ e et Bty il il ot
|
|
|
|
i
!
i
!
iﬂV’
FRE

M
i
|
i
i
|
|
{

10.00 |

: i
U ONN W

b

i
.08

ro-w
“los | 1

§

%

, sla_..ewf[ll : ;
B i

.nMWwi@u%Mer:me

R L
fonat Hauroadh samed™

B-18

Figure B-17



WG DENSITY CAR

" 8B.co

i
i

I S U N
:
i

- 40.00"

30 wLb 3/20/7h
P ' 55 4PH TRK SEC 1

|

IR

0

B-19

Figure B-18

b5
[<%,
| a2
,,,,,, T T P
IR T e -
L _ 3
- B iirr.m,:: ) »nlh!h‘l,,% . ‘.M.J\i
B ! e :
K = 3 i e B et T 8-
o - + ! et Sl
o {8..,» bty __0a-ig £
o ; m: waﬂt.aﬁm ﬁw@' . T




3/23/ 74
35 4PH Tik SEC 1

HIGH DENSITY CAR

90 KLB

: . . . H [N .
T S i i -3
. 1 f i gt
R —_ ; i w :
. 1 Cq
i ) . 3 .
N B ey
W } |
i . : H {
! ¥ A
; . H
S S U i
: H ¢
e i

845
3t

g
3

G

#
i

EQ 56 RE(

H

JAREN:|

R
.

|
|
i
»
i
|

- oRd

-

Figure B-19

B-20




3/29/17b
TAK SEC 1

1PH

'GH DENSITY CAR
35

N0 KL

i
H
H

85 | 1
1) ¥l

v
b

o
o

T :

!

T

50AC REQ PG REE,

hET (001 | v

[

. RET jcaifv

'/ BORQ REQ 5§ RE

Figure B-20

B-21



3/29/74
506

AP TaK

HIGH BFHSITY CAl
“Li

70
35

A g : _ . @
: ) i [ L . s
: 4 REE £
. bli\.ﬂ.ﬂ;)'lll.yi\ﬂ e h . R ma \‘v‘:,.
' rl
i

-Tw_
[ SRR B
|

!

i

A

j{
':
t

‘

(3]

i
{

p
Sl
A
cy

J
4
$om 1€ =

qE

8
1

Lﬁ

5 AEC
|
{
I
i
!
|

T i

-

1
E¢
1

o . )
: i
; i
. _._..T.,, [N .
[ .
: ;

,;L‘ R =

I
|
i
f
|
i
E
f
|

“r ciL

AN IRV N R

50R0 REQ

(4 E

L

B

|

i

{

.MMM.T !

o

J

]
10.00

T I T

3

o BE

1

E=chnes ES
S Fl i

"‘?
5oRq
_ RFTIC

T T e T

B-22

Figure B-21



COE

REQ BG

|

C/L|YERT

koug RE
10 [c/LlY

b

:m@ -l

._@ﬂo..gu

e,

: i
SRS SN S
: 1

IGH DENSITY CAL
3729774
35 IPH TRK SEC |}

70 (LB

SO I T N

R L
B i 1

i
i

e i
g b b
M i H

1

RE
-
i

Sdgc
:

:

|

Figure B-22

B-23



3/10/7%

35 PY TiaK SEC

HEGH DENSETY CAZ
KL

30

84y

1117

h
3

:

s

50AG
MID

I

Figure B-23

B-24




-l
O~
W
>l
[ adiian]
R a4
w =
F [ad
ut
o o
-
jenii X
[
— 3 AN
mam

“BOAC RER

a3
e EN T

Figure B-24

B-25



s 6GH

3/29/7y

DENSITY CAR
43.2 1P TRK SEC |

20 KL8

.60
1

S Rt AT
' ¢ :
| N

1
!

;3;

1216

121
1

L

;

87 RE
| BT ¥

fa

T vnTiy

q RE
RM

gR
L

g

. BOAG REQ B7 REF.

Figure B-25
B-26



CA
SN/ Th
LEOSEC

UENSTTY
T

AL
3.2 1Pl

GEGH

tan

i

o
hadds

0

3
|
t
I
|
|
1
i
;
- b
1
i
+
{
!
Hil«f
I
i
i
!
|
.{.
i
H
?
4ol
{
{
H
i
i

SRR, S-S SO, - -

ENCY |
|

;
A
;
|
8o
EN
REC 1
L]
L
!
|
!
E

—t
|
" ¥N
+
%
g
1
!

L
3

E ¢°+Jhéa
| A1

P

ORG REQ 87

| | BOAG RER 87 REE 1216

)

']
=
bre
3
il
&g
-
B8
et
|
|
o
L=
B
&
b
H
%
&
o
o3
tdg
% |
’é’“‘h-“'
S8
L
-9

Figure B~26
B-27



cAR
3/29/7%

DENSITY
43,2 4PH TRK SEC 1

HIGH
90 KLB

P

I
-
i
.}.,
i
ao
i

IEED

1L L

izt T

s

RE

LOANG .

EWD IC.01

! | . 0
PRGN SIS N SR T NI SU SN
- !

R NN AU S

P

- Pord REE 97

e A,:

i
L

SRR

5
HEN
N

;
oe-o
i

B-28

Figure B-27



UENSITY  CAR
Pt T

i GH

329178
SEC 1

"
KLn
N ipt
2

30
L3,

I “Bp.00

o1

i

40.00

wém -

a0

i

o

1218
12

3
b

[Z[d

RABVE.

o
b

1

REC

]
AVEﬁTf

B L6

i

§
i
H

1

97 RET

E

LN E

G 97
!

LN ‘

|
ol
i

P
b

RFT_IC4)

oRd 3ed

-00

5ORC

_ L BET AL

v

t
i

O

g

p -

Figure B-28
B-29



CAL

3/29/7h
SFC 4

DLNSITY
P T

A0 AL
43,72

H1aH

-
|

sh.oo |
|

E

1

; "u-aﬂ
t

I

Ry

H
i
J—

[¥d)!

a":u-
11 3{
I

1

RE

1t 4

go |

%ﬁfiﬂk

:

21

i

20 .
e

o

)
I
|

£

LRT,

FREG

FigUre B-29

.:‘0

!

"REQ BT REC 1218

E
Tle/liRn

bﬂga R’

i
'
|
|
l
|
!
!

i
I
t

|
f

]

1

“'50‘{9

L

B-30




DENGITY  CAR
3729/ 7h
APH T SEC

T a0
i’

-
]
UL
< v
—_— M
pedi-a 3

' 50.00
I

P e

'

J—

ao
o

:
S N s S

a

wim e el e

128

£

'8

¢ 1218

EQ B7 3E

4

b}

W pealehty B | P

i
it

|

T s

'

Frog

Figure B-30

B-31



CAR

LYXSTRL
43,2 (IPH TaK SEC 1

HiGH ULENSITY
10 Kib

- = t ,% =
S v ST e I =3
| ha - J.
S SIS SR R iiﬂ%lhl - I !W&Tﬁ. ! Lo il
H ' , B m o : M m i R o . N . _.
T T : f h BE
B 4_.l % . - ,5511.”.333 o ” nﬂua-kl prommn s - p e+ Rt S soes oo e DU W
— 3 ) U~ ! i [
i ‘ : 3 : - : T
P L 4 1.7k ' i : . M
et S ¥ ¥ B T H
. M - ¥ = e . w i “ “
| i -
i Lod H
o :

R

i
t
{
s
}
SOOI U -
0011 8b.go | [ sp.de! | sh.oo |

= £
oy . i
i i i i MWF. Fa sl.! . . H-.mrl
| B | L1%8 |w. | - oo ¥ F =1
N B = e A U A L0 A e~
i . w ml nl.v, i M : i M . i n
R . O et emwm N IR N A A
| ; oL ™ ! H i P! S
i C ; = W i : i H :

|

SR NN S OO L O

R 3 R &mf?. i

|
|
e
o
%
..
1
ol
l;
A
 soRq §
N {lﬁqRﬁ
]
T._
H
¥
|
‘ia.iu_)
4L

i
2
7"
¢l
&.“‘;é.-*l\. e
o

pi....

B-32

Figure B-31



-
=<~
o~
o w
~ ey
>~
[
—
[ o
z

[T
a o
o T
)
»
[pd
(=]

s s
}
¢

e s et

1zia
1

-
v

B7 RE

-

VERIT |

g

mjﬁ
I

4

ol
D

e

i
i
per

P%L B

EC.

EQ 57 R

LLVERT |

]

Figure B-32

i

-
b

pong

)
J

B-33



AIAH DEHLITY AR

10

| 840

22/ T4

Sl
Y WP TRK sre ot

i

§ B

i
T
g0

T
|
!
|

e o T
| :
i
! b
1] :
T 1 -
|
! .
; f .
! |
i
3.
|
|
L e
\
TSI TUUUS SPULY TN [ NP .
i k
FST SN P
N |
PR B TS I
0 I T
e
i .
] ; B
o . ‘.,I.-.v i.,.p,
| : [
} I i
‘F.un

i
H
i
i
} IO SNt
=
i

?HZ)

R
I

B-34

H
H

.90

" THRE
T.I01

ENC

¥
i

EBY

Figure B-33

FR

|

- 1p.g0

!

i

|
_.'l

[

E
RH. (8 FT ¥
i
|
1
i |
I
1 ' M
- M_F,.é . . ,’; :
. i } - } S i
i i |
i
Ty
{
| -
1
A AN Ao

¢ REp B A

o

o e J,._Mi.., e

il

I
b ]
&1

—E
F

i : 1 ; . o
e N B A

i
i

“l.co
U S

—



5/29/Th
SEC 1

P TaR

[l

16
+

GG DENSTTY CAL

. S
- B M B
i i ]

| G4

' 1

R

-l

i
i
21
haTi 1
}

g
3

-
i

87
8, _F

-

8 Fr !

:

|

|
REQ
L

|

1
i
fe—
|

R

;q

" EORT
|
:

Fl.oe

-ak T

i 5&% BOL SR A T

Figure B-34
B-35



it DENSITY CAL

3/29/774
SEC

a6 KLB
P TRRE

45

I
B

F

o0 REE 86 RE(

i

-1

:

8 day

R

©
l‘:

F

E

Figure B-35

B-36




-y

t

PRV Y

JEHRGLTY CAL
MY TR LS00

3
oo
Ll.l\ LI o)
. o T e e S
. ap e -
: . s i ;
. i
i : N DU : i
SN SN S A SEIVR S SR

S e e e

P il

st ed

T@‘qqrh,ﬁ

b
b

'S
1

—
9

4

i

i

3t

Figure B-36

REQ B

50A0

i

LBFY IC4

BFT \CH YERT |

I

"ITRORO REQ BE

B-37



=
~C
s
cuel
S~
b
e
Z=
oy

L S O S

! i ;

W - :

’ H i

| S SR .

| H X !

! R : ;
R

e = .

1 . L i
P, H :
4ml . i
N 7

i
P

REG

!
SN T

i

Figure B-37

. poad Sed B

- L -BFLICALLRT

B-38




/27074
Trod

RL:AE

P

HINH DERSETY €A
KLE
i

99
45

g1
|

Sk
L1

5 LTS

L o
p

E{

mﬁc iy

g

Figure B-38

B-39



e

Y
i
1
i
i

¢

i

l}E

CAR
3427/ 7h
3EC |

3VTY

v
3

WU
45 Mt TIK

16 DEN

10

B-39

B-40

Figure




- e e i g e s i

1L

: | . : h S
T e T T S ‘_‘.swﬁ..wﬁ;‘: -
| N ' ; st
i 1 i
| !
-
]
1
'

i
N R =
: } ;

.q::‘
ney

|

{

I

l

..}.-t

i

B-41

Figure B-40

g




HIGH SENSITY CA.

;.ﬁﬁqa‘

10 4L /20T
55 P TRE SER

{

L

.80 |

2D.
"FRECUENC

.;F

L X3 0

3, ielsd s

Figure B-41

B-42




Ly ey oo+
i 1

32N/ 7%

TIE STC I

=
<
>
-
| N4

L
Lo

e i+ e e i e ey e S
i N v N N H

. - — s -
, }
)

i : y
H [ESSUS Abes.an

H e LI

— l«!tiinl.('i\v .

B U SUR S

‘W.%:. n:mzuw §8wmm

g.«

Figure B-42

B-43



s g

g

HICH DENSITY CAl

90 KL»
55

3720/ Ty

APHETRK SEC

i1

”.vu*.‘w.w,

SEg T

! ik
A M . :
v :
i . e
e N -
et - 3
77 RS <
o — Py

PRRAPIIIE NUUE N T ¢

‘BORO REQ B

.

Figure B-43

B-44




S1TY Ca:
TN Ty

ue

M KLD

et

STe

SPHOTO

Ny

i
.

'
8

1

112
i
%

-
i

-

Figure B~44

el
O N PO
! = :
Lbe ] !
o
! oy :
- :
Sl i j
MR..».A&5|§ S o - I S —+
1 (& “

oo

F +

L

- boad

by

-

H«ﬁi mwmm.muwﬂm c

B-45



MRS

HIC BFENSITY CAn
wLn
T SEC

nn
55

..... 3 -3 ﬂ:\l.“« .ma.l w hans o
4 I . . i
E : i ! i ;

L S ST T S R

LT SO R b

R e T e ST S

B-46

Figure B-45

|

- : w l. ﬂn T .cﬂ.ﬂ&ﬂl..z,‘%!w.l T ,[..w.ﬁ P t
‘ o1 o a3 80430 . ¥otg . ¢ 23w\ BCL I I g R - N[ 4 88 |
N o T + &q ...... BONLITaNE W3d r ,. B .«-‘"rymu&wﬁud HY 1848 @3MQd™ !

Q ar<ig . . p



3727774
STt

EGH DENSITY €A

o ovLn
55 P Tow

Ef 1S

T

g [N
.-

. A4 H
T -
VR |

S L U o SN
T P T

8§ R
VE

: | A
e
o e

Fe-
H

T
I H
B S T
i

509q RED
Al R

i
i
u

{ ) m w ;
m PR SO . m.[

|
R SE e i lua - I N T

Figure B-46
B-47



3727/ 7%

P TRRK GEC )

LG

WA GFHSITY CAn

39

b

Ja

" T - N
L B
¥ H
N T ——
i
eeeee i e i
. : |
t . : L
H s : ,.
T Y
; | R
tea—ped—- = T
mw =1 : 1
e R
N ¥4 . -
. ad S R P
. 5 N o
- et e
n . 1o
pond ] E
< e N
‘u\m!\ T m Mv'
nx bt
2990 ; arda . |
— - T — == &
ﬁ L —-GMJ‘,

Figqure B-47

B-48




3729/ 7%
I

HSITY CAR

AP TUR SIC

an kLo
55

HioH o

B0.6D
¥

i
3!

[ 4p.opi

[aned

i

o
..

i

5]

— 18=1

- Y

Y S e

e A v+ e IT o} . el

.AK,T_ I X . i -

o 1 i : 4] Lo oM

A N N = i

v — ; ol

= I . . x fol
{ [ =) ' : m : . N
e T - -

B R e T - o > Feai—]

wnu. R : e - -
H ﬁ fg %

l

Figure B-48

B-49



l HiGH  OENSITY  CAR

3/20/7h
56,0 !1PH T2K SEC

70 KLB

S, o ) } i i { 4 i ; ; R
A JERNRNN TN T U M NS AN O SN WS 0 U S U SN -1
[ i g e -~ : L N
e S S O o SN . [ IR ] ‘
. f ¢ 5 ! H I L v
T .|m| !.4 I. + - m\. )1 - v, 1!10.7!! T T - v - - m4!1 H w - M T T, m 40.]..“‘1]
; t : ‘ : - , - — o i <
“““ : i 3 t . 1R B R B - w i i P I
S : H SRS 1IN
I I ok o g e Alfv\w a4
! o : U , : p g
" : T : m H w - ’ : Y 18—
UIN.. 1 ; - Ilnwl wlr\ [R—— - b . ln,wl - ,, i
o = & ; : i e ~ ; et a=
= . o NI BRI 8. B EO S Y 4 SIS R -1
e o =S . , : U : iy
H i _ ¢ . T 1 . : g 2m
.mn.;.w,ﬂs B SIS St NP T G A Sy SN O IS R -
—4 4 | dﬂﬁm - Hs; - m ! .Amv : v
Bﬂr< i )| .,ih..!:f : P T U < A_ v
w oo : M wl : . i : 4 ; -
H.\N{!L. - ¥ - e f!i!mr:i : o S RS
| L o ! . | et - :
& o =4 c ) i = ~. i
m..km AR S e I BR - R e 18
A0 ix: : : KBTS ; .W - o~ : T — P !
R , LBt | @ ﬁw 5 e |
Ty oy o ’ amw ﬁw { Jm 1J8dE i

{
H

Figure B-49

B-50




0
¥

102!
4

2

' | '
i
S O E N S VRS NIEETINRNS DRpae S

1 REE 1221

LBT 3 2

‘ 20.00
REE 1221

L.

%7Lw,
s

FREGUE

]
o

g REQ 8

21 '¢
G bl

i
-

FHD_RH B

B-51

- 20.00
EGUENCY |
Figure B~50

fFE

: Ib‘c

L

“Bon
F
I
;

|
.

g

[ _FKD RM

.-Tﬁaa...%-“rm%ndrﬁr_. C e e

B ~oPEs o




DENSITY CA?
RLB 3/29/ 74
56.0 NP TRK GRC |

ey

20

o

-y

1

1221
L

G

3
4

)

El
ILiL

e
X

opd
i

. -
| B
.

m% o

Figure B-51
B-52



CAR

DENSITY
3729774
56,0 ilPH TRK SEC !}

30 KLB

i atl

3

b -
i f : i -
1. i . i

o S S N B s

o

iz

2217 |

A

ﬂﬁ
L
|

[

2

1
@

3l
P.LLQT“«

S5 T PO

gy i i : : i : i St

B I St o e S A o
: - ; s i : ) | 1]

T ™ N by TP
o BN M, D hj
N Y el SR S o A~
w.n . w ThAtT WD’\ o
: t : T

EC AEL
.k ‘t]my
N

“4E
I

FORD 1
RETIC,
%

|

Figure B-52

" bo
AE

S R

e

N

b

— .

i

B-53



C/
/294

arestTY
56,0 P TaK SEC

(1 R
g0 wL"

+

o

|

B7 REC

?Lh

|

BORC
RFT IC1L

m,{.. fom
o
|

SRR o i : e g
e i s e e e e : e | - S e R S e i
. - B [ TN | - |+ PR S S ! l.lim»l;!\ R i ! —_—
- ‘ ; v o i USSR A s SR R
: ; ; ! ! a ! ! : [ i i ] : I
BT -~ N T B e P . » R S - - <y <= Jw - f— - s Raded NS SN B - . i 8 B
- ; : ! o ! L | R S ﬂ.
) i . R ! - T ] — _ ¥ : ~
m St Bt b e - - w - : .
T e m—— T - o ke D B o »_ - e T T , - ] ﬂi.
PR— - , z, - Lok m PR - NW“ * 1,(1:m, - . By %. m — . F ﬂ.:.m
o ey 1 : n _ : "= } — S ! X ! 1
| : ! i - ne
Co . B ﬁEITi ] ,ﬁﬂl?aw Enld Rl I i _
‘Nt : - : ¢ L S i t ; t -
N - i t : I ald N - t i alld
o : ; o VT { B S HeE e b e t ' ! oz
. ||. L i . ;.1 : el
, 5 . “a
1 o |11
- E.RUF
g
b
Rl

FREAKE!
87 REG |
|
JUUOR QONNE SHU SO S
~%

: .
> 1
: i i
. [
P ; . [ | .
N . e A b e st i
. Lo . i !
f : i i
O R IO i

j . =~ ! ¢ . m
; LNV S L | } e i [— H USSR SRS SR
R ST = N — “ .
o vti .w L ﬂn.u m.. ﬂl! e e M ;."li [ m P - », n |m

i i H
, o v T T *
PO CI ) ti:m&wm% 8,% EEEEER <1 ibnan FE - umnmomuxama,%

B-54

Figure B-53



3/29/ 74

HIGH DENSITY CAR
KLD
SG.0 APH TUK SEC |

90

“ S A U T T m- S -
H s 3 . 3. N

. Y 1 | - t [ lj T N
; | - ! : : . :

g - L \Lw.! _ :M:.l ,thh!l PO ”.;f. ‘villwf mi:v s
. _ ; :

A H [

: | M

- -.M._{‘...M.q .

'

i

!

i2g1
BT
_.—l——-» i"‘"rv-

i

i
|

i
¥
ot SO o .,.,‘_‘.f_..,.,,ﬂ‘\“v
i
;

B7 RE

{ERT

.
»

i
!
|
i
i

fobmee

g REf

.

i
1
H
i

o

xiﬁr.ﬂ

I
.

!

i :
i

2 S

o

| : . :
.,..,.A.. . S . L
! o B !

[ PSR FRUIR TTPY IOUN S TRPIN PPN S ME0ST MIRTS NI NI
[

i

wxi

BEL
*r_.;«.iﬂm.

£ .,#m? i

wﬁ@%ew

B-55

Figure B~54



1
i
B
P
!

CAR
3/29/7h
K SEC !}

'
H

DENSITY
70 KLB
56,0 PH T

1o

gl T

117

:

B7 REC 12
r -

B-56

P e NI A

v

1
'

1]

E

e

p— I|;“P| nl\”l".lmnt S,

4

s0Rg #

3

HID [RY

s

M

[

Filgure B~55




e
<~
O ~NQ
o
[ 4%
kol
=t
-_— o
e [ o
=
Lt x
o o
=™
.}
-
< .
- O
= o
E—

.&mz d

aa=a-

Figure B-56

B-57



!
o

CAT
3/29/7u
SEC 1

UENSITY
1P TRK

ey
KLS
2

BN
67.

-
)

{
Y

o

51

1 5

REGUENE

B AL YRT,

; 15‘?0
}

K0 [RH

|

t
-00

i

i

|| BoAd REp 87 REE

N

&

!

Figure B~57

B-58




B7 RE
i 4B FLL

(o

<~
o0
oW
o

>~
[l al
i a =
3 v

z
w
oy a
o

-
progt "N |
(&4 -
_— P~
o
=

,,,,,,, s
et w
- ' m H PEDEN
: [ : ¢ : P
ar oy ; - C
o } vy ! I LT 3
N S BN I I G g5
= RE= R = T2
o {rr}

REQ

f

-

BORC
FHD [RM_J
-

a
i
B
ﬂﬂi ;
S0RCG _RE
|
]
!
|
|
|
’E
09

1
!
B
i
1
i
B
-
£
3
kd
2
!
L
B
..
A
i
;
1
f.)
T
'@
n
'
L]
-

B-59

Figure B-58



CA:
3/2/74
5r0 g

DENSITY
P TNk

90 rLa
2

c7,

HinH

‘‘‘‘‘ N O N S I

géyﬁn

[N TSRS S
, : .

i
[ S,
t
L

|
|
i
|
|

EZ

{
P
i

'
S

P

{

OO SRS U

p -

ot .

’&s%" BE]

|

]
'
|

L

. ‘J;,,t,'z‘v. .

o B

i

¥
i
+ - _,~+.
H

;20

NG |l
: boode

'

e

i

/
1

I FREQUE

EQ 87 REC 12p5

i
i

iLlLa

gag R

0

J

e

i
|

ER 97 REE 1205

2

LLiBNG

!
|
|
|

A(
D..C

i

|
|

R S

i |
SNIT THELD

Figure B~59

B-60



cA

3/29/ 714
SEC |

UENGITY
TRy

£L3
n
o2

'

i

: , W :
e e - o - e !.w - ! . n._. a” e
e 4 « , 1 L - A
; m i : : : [ ‘ h
, et e e s el S - - g —pe ed el
i i i : : Cd ! i o H ] w
~= | — —t 1
: : : : T
| 3 . : g
. ” lm - B S S - - . Fyyen T Wm
R . ; ——] R
o e R R N
AT T N : : I B nm
= + - A—I — .W.I!I:W! .1.. B w |> - e e e ol G
: i : : i b ~iad
= —— T &3 T " - I N £ e
w (o 't . T ,W oy =]
e T S S R - B SES e g T
P ; : = B e : : L
= ) i - } : ; ! : ; , i -
@ il o . B o2 IETY SR ST e b I T e AT
-l ‘ 1 . o v v * i i -7 - \nA g
o= ! <. ) | . 4 cal
M — ' . M._n -4 - o : 1 i ! St =8
SRR g o R B e B T L B e S Y S . e e
d _ & Pl o]
[ B Ty T : :
@ = €0 ! 1 ‘
O - =
(T2 B :

1

g

.

.fau--v ‘M . .,,T

B
- PET.

Figure B=-60

B-61



CAl
57C i

3770774

DENSTTY
T

o
.=
InleN
<« .
-
TTem i

i

a0 |

541y.

5 g g b :_[1 -—} e e - NN VT S
a ! N “ + “ : 3
¥ E-— - ; i } { :
B 1 t .~ i o i ! i ! [ Y
i . i H d E 1 ’ e T B S A5
(R0 SPVENIUI D B, Bt T SR R : i H e 4
: i : ! : ; o
- - su\ - v n- IR S S
o

1208
14

i
I
!

2
—

: i
[N
S
e e

S
i

|
i
i
i
!

H

. S - e . — 18
¢;l|4”11,lglhl A P S i [, F R SV S e e - o
o T _ ” _.l ; e} T i T I EKd
P ey - [ = [ N BE—— - ! f— P e R ]
il : i ot 4 : ‘ = L b ; _ : } _ A B
~ — ! e : e S
= =SSN N LTk I TR R : s

: o : : 1 . : : —= R SR Btk a--
L3 ” ﬂ ﬂ - w - : il - [ j ; ! il €3
w a i : : ; W.M.L Lo [ ! : | -
IS SR S R S SN B =S S SR UV KO, ISR S - %
- j T
A0

%
T

o : : - L
! R ; . 82
oo D @y 3anm,

v Ttk | s o 033 | evda | 2 | 2o ! @ ;
U439 W3d - PR e St Bawe T

B-62

Figure B-61



CAR
372 T4

DENSITY

b7.2 MPH TIK Sre g

an ¥KiLn

RIES

!

ac

1
|

H
i.P
I *
'

!

A

AN

. _t:ﬂﬂ%
e ; |

1208

3
4

-
o

A1

"B

s g s s

ORg RE
L MIpaci Ly

Figure B-62

B-63



LENSITY  CAR
3/29/Th
TR SEC |

H

ALkU

a0
ule?

el

b

|
:s%jn
I B

I

p

T

D lRH_|y

i
{
|
i

M

- PORQ RE

|
|
?
!

=t
=5

SRPE 1 A
T8 @IM0d

R

Figure B-63

B-64




DENSTTY

can
30077

L7,2 P TRE STE |

Lo

i1GH
ac

i o
‘e A ; m -
N : 1 !
- - ! - B A Ey
; i | |
— - H k] Ao v v
1
. ! ) ! Q
P - : o -
! AR SURSEIIE S NN WIETRCATES LR SN ST O I ] RN ¥ T W
i B -
e e _—r
E i
. B ! .
! i - i8g

12g8

o
3

REl

AEQ §7

a

.EQBC~RE:;8

,10 £

1%
de

Figure B-64

B-65



oog | ¢ |
1 ?ww{wn,
| !
g_u

- -
B T T PN S ——— [ ——
1
. B
: i

* +
. O ‘ o “«. lziTliMI il,,llTn -

i~ e

- -7 18
B - - pz'o0 pod
Hu-,manhuqumﬁmum_¢

(" 097 D¥"

LETYRT.
! b

4

REQ 87 REC 1

'
|
'
s
)
i
i
}
1

.RH,hm
|
{

4
i
1
!
1
t

HIGH DENSITY CAR
10 KLo 37207 7h
80 1PH TiK SFC |

i

i

X b

508
,fHD
'iB

i
1

i
i

2y 00-E
LLISN30 THY

Figure B-65

B-66




———

EX
o

&o0]

!

!
1

L

i)

i M

Rei

JrR——

E

87 REC 1000
|

BEL.

i

"

OAG RE
HO.{RY.

20,
GUE

e

5.0
9

!

e =

4b.00 |

A N
S
}
i

Lﬂ L!...._ e
I
|
|
|

3.
o

Th.00
F

9 ma.:u

oa.

00~ q

TdWG MY3d

RER 87 RE¢ 1004

BT
: F'BEU\FE?JC

55
!

3129714

HIGH LENSITY CAR
30 HPH TRK SEC 1

10 AL

i

Bl

:

hhwmzuw

00+€

Jmmwumum &

pg-r

mmem.

i

Figure B-66

B-67



e m——— e

HIGH DENSITY CAR

90 XLB

3/29/74

80 JPH TNK SEC |

¥ ¥ .
e TR - S -
i | ! 1 gn ; I

- - o T H " 3 T
e ; — e e
,r - T Llnw i:fw;.w‘\,v“ e L I Ma L U . I Ll
; ; H : B ot ) : . ; s i N
e T e s e ] - P ey T Arll
. th,+ o i) ewﬂr&.‘ EI— S R S S RN S | -

N i . i : i} - o Lo : f : 5
: I \ H I . . KR L i -

e o = EER e D B | e e R A S B U S o

S W S i i . | S N _— I :
: § i . ! : I ( ! h -

” o - P, B - . B xtw‘; - g . !EM e [ECERUE SRR S a-

Tt S

e
b

a] .

i

REC 1Cba |
IERUSIE
N
-

2

RE

REQ S§ R
e
1
z.
s.
|
!

RE

,Fén%bé

3 o = : A e i B e R S
t "4 SR v i b €Y [ . H ' r_.
i

d ; : : : Tata © = S V Ty
. S EERNNEN AURE G IS S [ SR S _ NI T S - ! . 18
- T 1 = g - i : ; o

— A

=3

%
H

|
i

21~“

RED

1b.80

T
Hy:33dS

ufa 0¥
&3IMDd

| F

Figure B-67

B-68




3720/ Th

1
it

LPHOTRK SEC |

HiGH DENSITY CAR
38 wbo

eo -
L

. i
[ T = T T
'

. P IS S i . :
. . ] ' . B B i
S S SN NSOV SOpURIOPH EUEpUSES SEUUUSSS S ; i —— - : . — Sy
. ‘ . . , : V . ; - .
oo T 8 - . ot S RO | - S
: 3 F m _r i - M u i : -m ..
E 0 . -t

-
-

, : + | 2 ‘ m H M
. H e |.;imns e IEEER SRR S . — - —- M o h USRS RS ORI TSN S——

[ : —_ i S 1 i F— ¢ i
1 : ! . ' &y m- -~
PR — O :lvwv!t N . .-m R - ,ml P VO S zcuzo i s e P DS G —— - li k»;ml - e - S—— ”Z
. L ! : L | ; b+
— m , — e , . B
" w. A S T RN R B Wa SRR = I - s ma i R ST ¥ hroes! e B S
-t ! 1 . ' e : . R . 1 oy
- T . = { oo i . o
e !1Lx. 2 g S W [ TR RGN SR N T R e == b Zz

' : : ! f

=

|
b

- RE(
T

o
e

20.00

Figure B-68

REE

1

P e

!

PR U

i

]
i

Ag

Pl
=]

Py

av+a
IRE o

! umun
i ﬁ_muwl; -

AT L

LCRETLCTLY

. BS

i
B i
‘. '

. arle

amém

i

ca L B
{

B-69



¢ i N
oy - ” - ey
.t!lli._'« i i s o e e e - . - ———
UV SN T S [|er 8
—_ ! . . : : .
: ¢ T Y -
S (PSS SUUER SRS S [ -

I
{

,_ .
B H X 1 .
- A < e e PR )
' R i B
e s e b . st o it o 3 s st s . e
A : [
R : ;
s
o o o e e e i+ e i o i “ + i -

Lt LESITY CAR

qg

|

3729/

. 8P 3oL
' S0 WP Tn arc

A

i
i
t
i

- ap.00 |
i b

,L.,lla.._L._.l;- I

I
L

A3

¢ 1cpg

3 RE
Lﬁ.«.;
] «
{,m,, -
!
3
i
|
!

i
»q-NT- 4

L

B - b e o] L
lk oo b L K S
la o2 - L L e
, - - . ! : i ”
i . l/— ..)‘m\\ . — E
; &) :

BORC 20 8
|

RS
i

W v zada
.,quw,,mm:uwgmam,mmmm

i Bl%

|

Rd RE@ 88 EC 10pd

-t
3

8p.g0
L

<

Po0.00 0
' FREGUENCY

. 109
1

®

950

R

or<0

N (-!q‘““ _

 2e-0 0z°0 i Of*
- SITSN30 TY¥233dS '§3MDd

of-g

Figure B-69

B-70




SUHSITY Gt
3.0 Ts
P Tk B

LB

~

; : : N o
v - . M G 1 =
i v *
D T 4 i . i u 4 F X o - L —— - PO e v I -
; ! b ’ B : n
8

|
|
|
[
|
|
i
]
|
. :
1
a0
Hi
I
P
|
!
4
i
T
PR S
+
i
i
D
]

BT RIS N
|
|
i
.
|
1
|

SRS TS S A N

i
H
T—»«—
5
SN
i
4 g
-
o
e
R
-
|
.i..
T
§
|
i
!
t.-,,{.
f
l
i H
D
H
H
{
i

0
F

I
1b.g

~ boAd e se Red Yopc

13
PEp— —

e
i

!'315»~‘C-§L.J%E&IA'AV
T
L
!
%

Q
-

& mw ; w ! , L : |
mm - .ib.ii - ..C.im..t .«I..l,WASiM —_ M.»xi!, P ¥ SR q —
5 : : ¢ ‘ !

I
H
asfe ppdo

H..E&:. 50 ¥0~9 3 T , Tl ozde ordu. | ool |
i o) maa,ﬁ@m me 4 W Ot - Fibvao b ionad ST |

Figure B-70
B-71



e 4.:.[41«;..0

e

B T

B T

e g
i
H

1 - i
i i
R l

R r
| f :
H

_1

|

~ ‘
B i
. O SO S
- . i
b et e
: i .
_. . 0 H
e g e b i 4+ o+ et
: : :
1 : *

30T

W DENSITY Cad
TR SR

v
< o
el T2

-
L.

86 REC 1CCO |

L ~§, -+ - .M;L..

Rk

24| VE

50AQ
10

-

i . 1

LN
.gﬂmﬂg@umur4mmwuw

pf<g !

- i
G ELTIR

Figure B=-71

4

B-72




- B e
. t NN JURSURNS N
UL S S T 1 i
; r :
i " T ;
H i s i
SRS S U DU UV U Uy VS UUU R OU N Sy
¥ N N s

i

S R s

TAT
/o7
S0

DEHDITY
1P THE S

LAl
001 G wus
C e

t
—

b e

. i S, ) P | -
” ! T !
e —_— — i |
? { l :
i , | ;
- I S S S ‘
! ; ' i ; { ;
DUV S U S H H
i ! ! :
—_ - SR - - i i
: i

; '
P

{
i
|
N I
|
=4bdc

i
i
i
1

Hiu
Ll !
= SN

orY-a - 0E-Q
A

Elsl Hquzm :amm

G REQ

{
(I

' REC 10[0

o S S I Y
i : i ; i ; | ; nuﬁum;
! ! | : [ i : A o

| P ! S m ” «
L R N
: 3 ] H L e e ; i P

T ; : t

i : ‘ : i ol
!_ - \k._ - s - - a.m<
; T T i S e R T
- L _ . - [ =3
; ; : ot
R SR N S S 1
; ; ' | ok
i : o je —
. - : . ! R ¥ =T

i REQ 96
ICTLIYERT
: . +
i

1
i
|

n,‘.
i

|

Figure B~72

&0A
o

. 0afg

i
\
1
t

L OTE

Dr- a
».:W?un

02 .é

THE (3348 zngm o

or-0 oa-g

UV |

B-73



!

!

CA”

3720/

BENSITY
4,4 (P1Y TRK SEC

no LS

o

oo

|
r
I

4o

" REGENEY

P el B T

Figure B-73

B-74




CAR
3729/ 7%
5EC 1

oy, 5% P TRK

20

3
t

T i

DEHSTTY

KLB

(AGH
%0

R

o

1238

H

1,102

ﬁ

i

!
1
!
‘
i

RED 87 RE

_MB BT

_ BORC
FD

%_“

M.»a. i g
1 RITSNI0 EY LT,

Figure B-74

B-75



CAn
3/20/74

1TY
9k, 4 APH TRK SEC -

HIGH DENS

90 KLD

-Q_ﬂ

U NN SR

238

sws:ffx; 8T

i1l

a]
>

ag 3E

Figure B-75

B-76




5F .00 |

CAd
107 Th

-
i

3/
A PH O TRK SFC Y

DENSITY

a0 KLd

9k

EGH

|
|

o

|

| 4p.00
L.

0
]

.
!

Figure B~76

oty 8

B-77




wEBSITY  CA-R
320l
SPHOTRK SCEC

3¢ KL

Coanan
RN

..‘ 1 ‘l s § S = _ I S, B
H t ] H 1 t
i 1 i, o . . S U SN SR S e, e . o - '
e e e K

H B - - . - i 1 - e — - [ M; |“ e PEVUVRNN S O S

: - i ‘Il.lw.n. i lllwulrnl« : |- .. . ! , 5

; | ) ! ¢ . : J o~ : ; { o

. ! R R Fen - Rt | ¥ -1 ¥ SRS R : e : =g f B

! i . : . 3 ; : : N S re i o i : o

[ Ilﬂll - — R A— ; 7 T Sy : L : > FUp—. O ST v St
. RN i i o] P : : Lot dl : : ; i i i A

B R S S S WO | .5 S W WSS il RO A L N N I

. RS S——— ; ‘ 3 e L 3 I - : L b 23

N~ : B H M ! i | a3l « i . ! i I o
ERTE : = ; B e i Sl S £ -1 LS R S oy e e + -

B PR H : i

w : _

o .

>

{I
;LE
[
b
|

i
e
-

Ez!

FREGUE

609G RED
hFWqC/LfLHTM.

7 —t
{ va’c | 2a'g_ | a1'd
b Mgui0sal Savga™

$ .o - ’ - B . - ° [ )
X H e H i - . d X i i H :
; . N H : 4 S BT . ;
4 B H N 4 : 0 TS v
. Lo H : B P Do
. ' . i : - :
B : H . . . . : Y ‘
i SUNESSUR SR . —t .- L —— - R : . PR ; - it
. i R 1 ; > i
. . : ' ! ! : ; - A : : [
. Lo . - - [ S L s, . - R : i i H b
; . ’ : : . S IR R - I Lt ThT o Tr Tt v () . Po—
; . ; " . . O . ; : ‘ i Q
. . . : » : - o i .
N e - - P - - - i . N
. E ; 1

g
TGNT

Figure B-77
B-78



CAR
3/20/76

DENGITY

30 KLG

HiGH

STC i

24,4 IPH TRE

B-79

Figure B-78

s DT et NS
. ; A
= et =
o e B—r
: : -+ 4‘ : — \WIII‘. by PR .oo e
_ R e i H —
' . : : : : -
- i = S T e T
o I S
” . : 8
{ i - =t
. R

o087 ern ¢ 2etd 82-g | arfa_  a3pd
OTE mezmq;qmmzmmm«ﬁmznm%% ;




. Bp.GD

'
Lo

cAl
3721/ 74
SEC

DEHSTTY

30 KLU

e
D oguL ke 1Pt TRE

[N

- ap.ce
i

|

o0 .
HZ)

1 8

R

i

: ‘

“ Recte

NC

20.00
EGUE

! B e
IR 1
m B oo -
i ; ! ] [ E
B B T
¢ i w . 1 ,w
I R
Lo N
R N
T Ll..!.lt T

:10.60

De-Q

vy P T
-0TE (9] AORLI1dWE W3e

TG m
748 #3MDd

a Hidio

Figure B-79

B-80



CAl
/29714
94,4 i1PH TRE SEC

DENSITY

90 KL3

H1GH

i

F
T
|

B 3.&

&

KLESKA0 .,mﬁuunﬂmmmq

.M.? i o : | . . H i :R” *
& : : ; Rt T A o g |
2 . B . s H ,.M»n w H M N O
| R SR SN SR SN ORI SO ORI M "
M _ i i ! M : o R
e et - M
8 R e o T M 8
: P . ) ; : ! LR
Sy . IS S S — o
L : . Lo H i i ; : i+
B T N ST 'y L i el } - :
T ; ; : i : i T T T
- + < : ; ; ; ; : :
e : i - 1 | 1 : :
FARNCEEI NS SETSt SRNPANNS SUU U "R NN SEUHON SUNCUES U J : -
it T : IS B T i |w B T e
—S SR m i . : P : W o
oL : i B ! ; : C
o M,E‘Imﬂ!miiw = b e Errreetk S S * . - 3 B
i R : i [ i i ! L
akd N T 7 , T
N1~ S SN LU SN LY SN SIS SO S atd
S e ot —pee e - i
n?..u!.u: e d R : | : : ! S
= I I T T 85
= N e SRS S S . e e
W oo R R
- | : . -
‘Mw.bmwmm i ‘ . i i ; s P Omw
da-— S T S SO SN St NUSE SRRV SRR I : - -
o il = - : : ; - : e R el =
B ; : ! i : Vo 3
o ol ; | . o i
S R v A S S SO DU N . R A
Q . ‘ ; ! ! N BN
o : * : + ' T 3
‘ o m 2 . 1 i M I.I...
ol S P —— R S———— i . . : :
ﬂ!n... - & : TR S S e ; .
“ &
ho . ar-g

mu.au

Figure B-80

B-81



3/20/ T
Ty SEC 1

HIGH DENSITY CAR
20 MeH

108 XLB

'
$.
:

- B N 'Tn
,u;f‘i; o
TR L

h il

Y REC 1728 |

aﬁr; vb

1
!

i

.

o

RE

J NS EUUU ST ST SNEE S

poRe
F.HPMBE J

¢

i
i
B

e B-81

Tigur

B-82




320/ 76
TAK SEC 1

1t1AN NENSITY CAR

105 KL
20 MPH

i .

>

1
{
i

osn

T oe
9

!
!
1 H0NLIY

A
duy

1

e

og-

“hi.00

'

|

Gt
o170

X : { |
ean . pao | #0-0  ° za-o
il »:mﬁn.«imaﬁm KELIER

LU ENEDEUIIS SUN

b ; : i [=} 1 i : i SR BN ; ‘ !
- T S e e M - — T -1 .a. b s }r B e b.‘?mlluf — 1LM:J —— " w_ —— H .mm.v\l
! o 3 e O P 1 1 A : i ¢ -
. R . / M ~ ] ” ] P ! : :
- S JUUE SURIUUUIN S S SN P S - - s p WD A LI NS VWIS SO Sars NG S0 RO SO SO SN — e - L R
: o BT B N N R T o “l :
, > w B N 5 N T e
— b . e S e L : : SR T {8
: B o - I ! - [ ! I .
B S Y : h : T ! D
R T R - 1 = S eor aiLil el Rt S L+ I SRR ARt wamenth Bt PR R e <:AA3‘ —4-
i ; { . : N P ‘ i N .
m m & — - H. f 1 . X ; 1 I T
ST at R R S - § jct 0 mwa‘m R g B Beiid
I S SR S5 H = s i . 3
REERE 3 i i 51 i i Ml y
(RN ; .“ T ¥ : -] -
- = & - [ 0
e ” : C1 = 1 N
BTN S S A - d + \xrm.ua —t! ; S R RN B -~ “N
T : . : , : R i) iH -
PR B : i : v S ; = ool ! K : . -
P Al T * = > N Y & T Od e TN T - t i
oS B I : - LIS PUST R B = I YO Ao I
o . SN B : : 3 o : e S SR T
BRE o B 1 8 . . H rﬂuﬂ - M ' o
oy b . : Le. ; : : b
o AR R e e i e R R S e S T S I Ot B L
a3 N ! UG V° S - s I — - :
L. o ; ! Y i -
Fo H J—— e A e ‘@ «rm...i!i w.. ..WI. R Sl .R.:mn: v - S— — .
) 4 ; i - = | x ! i
L i p ” ¥ i m m ; 4
(- o : 2 ik . L e -
&2 - - F S
. @ i
L. .

i

Figure B~82

" 0g

B-83



m : 1 e « | o -
‘1 . - .w . ‘, \\w l:.msi zH,II«I‘ . m, p— E S W et e e . P S : m - aniv.lli
N i Lo . : - —
R — O B M |
* i : : i h 1
_ { ! B : : : ; o
w ke SN SHE U SNE SO PSS SRS S NS L G & - A B S - = e e ST -
i i e ! ; i I ] ‘
o B T | ~
i [ . b g i R S SN SN SRS S SO -
L W w B T ‘
i H R ; ‘o i ; ; : o
- JPUU U e & [ ENE S S - PEp - - &
+ - J w g : w N .m‘
i

17ey 1]
BHul '

Ch

~
v

Nl

4

.gﬁb;
|
4
|
!

FREGUENCY

;W.w:

qvgg.mb
wnznzL_Ln

T
P |
Minatis S St SR A B

e A
.m ,waw W;,KF WtWrﬁ%Wi * S =

M..lw.lun.n‘ f— M

-

BOA

H

BN DN e SN
NCIE TG A S B &

ﬁamﬁ& ﬂ%wuw s.mmzuﬂ Hib

_
]
| i
M !
. _m i
o mws .maﬂ ToWE WA

1
i

Y1/
TRK SEr f

HIGH DENSITY CAR

108 rLi
20 MPH

Figure B-83
B-84



=
<~
(SRS T
o’
> o~
-~
-
[
=z

L
= Raad
o e
o -
(&)
-
ety 2

1 i
i i
S
w -
SR .,_ i
T T
_ X
3
il
o
|
e
. L
o
Ly
-
F
. )
& -
(»H
kﬂw

Figure B-84

B-85



T
i i
i

“t

-
i
l
1

e g
i

B

,24,|.|.?i+,!t. s

I~
E
l
|
-
ksiéﬁ
]
_T_

e
. - - . w

Apna
j

les T

|

|
|
BN
AL
o0
-
]
T
]

PSSR SU USRI IR

A [ S KR .
—— B e e AR

REE1

'4m:‘

LR

REf 84
jﬁzL+

50R
HEI

-
S SO U SO SOV S S . IR S SN : S U U N—
. . . — . i i ; . : o~
- _ - ) - = an R e P w an
s.»i*.xl ; i Lo { = z . ” e} m x
: . i 1 . H 3
B i H : : : : ! i
. co H \ F % . 4. w ﬁ o 5‘3 - E t - W i . .m . SR
. N - ; i i JE | o> ,.wnf/u. M s f? N S B ll\“iklilvrw.t
: I H (¥ i X [ !
[ : [ . * i : M o
co o bl M WN‘ 8z |~ 4 i S S A Lot
- e . g 1 . o i e b i s o l\.., A L . [l . " o - I S
= i i T ; [ g 13 mm« Hfl, w t Awmw
I B B S B A A i A e
S S [ U S U . o~ T mn PR e e e - N S i
: ; : i g @ o i I S| M : . Fa
: ! ~ - H : : .
l.T; — I S S A q.ﬂ « Y M. * e e e e e e . Lo
! H . N i ~ HE 1 ! ' —
: ! - : : w L. 4 E 1 i
i . : H :
G UV S - P SURN -, e e i B -
! T AT g .- H _ <
m ' e o Fm,u. = : A MA
+ " 75 I « SRS i . -

ova | pee . 920 o oo TosTe  ordo . oedg !
Te Ty ULl WHId S T (1§ S Y E A< T

"
<2

HInt NENSITY CAR
$/20/7h
TRK SEC

105 kLB~
20 MPiI

B-86

Figure B-85



3720/ 74
ThY SEP

105 xLp
208 ppn

B e et

V;“ﬁr-'ﬂ‘
cLodi] nton nensiTy can

[P S,

‘L?@

.1

|

1L

T

40
EN

Figure B-86

EdU

vegt [ [

FR

{5

“REQ 63 REE_T7TRE

e

.

— 1
o :
- o
S £

3
[* :
3
=~
x

i
i

~BORC

|
1

o

~..Elﬁ..oq T

i
o

B-87



HIGM DENSITY CAR
3/20/74
TRK SEC 1

105 KLB
20 Hpit

: : a:
: dor :
i I g
: L : N
" = 4 Ll
B = i H
i == : 1}
g :
T
4

y

R‘v“

IR0 REQ 8.

i#]

Figure B-87

B-88




IH6Y DENSITY CAR
3/20/ 7,
TRK SEC !

105 XLB
20 MPH

*

L

i

JEU0 N3] FUUU SRS N

pifiadoe Lo

1

#EQ 178

HEE RS ]

-

E

5

/L VERT |

. RER
crLly

ROA
—pi

'
i

f

"

Wi

. FoOR

Figure B-88

B-89




3/20/74

DENSITY CAR
TRK 57€ 1

e
105 KL

e

35

.00
'
F

TN

4B.90 sF

‘ﬁﬁi":
1Y

B-90

3REE §
F‘Tﬁlvﬁm
]

8
B
|
|

A

10.8

E

i
A

Figure B-89

i

LT
RH.

f 11

i

t

e

i |

F

g

ol T er-g ood
PP e Siuos Samea” Y

Fhmg



3/720/74
THAK SEC |

HIGH NENSITY CAR
105 KD

o

35 P

i

u —t - e m.ull,. ‘“

ﬁm«ql i m : Ququ . p—
PO N S £ : . ”
l . : ! ‘ - kuTxT.. E —t ‘.W.‘Ju mmx
TSI * ...... S H I T IS O o~
L . e : ’ e
2 _ i - ; -
& RS )

SO

_ o
{
N
.
i
.
|
<o

R p—

o

- BOA] REP BF RE

EHD [RH

“pg*
NS

g

Figure B-90

B-91



P

1780
ULt

R

e
3

€

x

i

_REL B
ol

T e st

TR

3720/ 74

DENSITY CAR
TRE GFC

105 xLn
35 Mpit

tGH

v

Oa‘_c‘"
|

‘F”;" . “f’ f

1
l

ched e

H

34

1

;
i
H

€17

:

RE

iLﬁ&

ey

: ﬁ{L

i S N I

i
L
|
i
1
.
{
i
L

1@
1

i

4

L

| poRg
o

i

DR N IR
Pl R T AL

TR 1]

Mgd

Figure B-91

B-92




3/20/ 7y
TRX SEC

GH DENSITY rAR

105 x1p
35 1MPH

Hi

vy

o ——
i v T * )

. i B
B e -

- —te X — .aqm -
4 ! 1 ol
T . -
B T S e S e e b o
- : : ! N SR
0 5% S ST SRR § -
L i [ S i =
= : B 71
[} i . o -
&

. B .
i | 1= i
| g H
|
[ :
1.3 Y
by : n
W[ f
it B :
! i
4+
Q i

P

-

i !
FUON SN

et | vERT !

] 8870

Figure B-92

B-93




| HIGH DENSITY CAR

4 105 KL

3/20/ 74
SFC |

TRK

35 HPH

1500
1

*ﬁ

N ‘;éhlra

1R

ngq+kp;;,z

.
o

AR

I ARER

5ORq REQ

El

i Mme

i

Figure B-93

B-94




G DIHNSITY CAR

B
.
N !
N
-
N
L &

3/20/7h
TRK 5T0

105 rin
35 Mpi

|

|

i

|

I

|

N ;.-.A,.{;._... |

00

|

i
, }F '

PRFPUU SR -

H i
1, ke

Q.
- ]
: je o1
i i L I abd
— e N A g R
; g : - B -l
: , T A =
fro et e et i s e rlnl,.ﬂ — Mi‘ o o L o ECE..
o e : - _x
. ; al-
« BNUR: SN oo SRS : a- -

A R ! [ Pa

! i 02

! | ¢ ) ;

w — PR PO [ S - L
; { : D R —

| A

a

_.ﬁ:,w
. orlg | 6e-g ‘o
dte T bwao Fodio

. nrela 0a

448 ¥3Imad

T

Figure B-94

B-95



HIGH DENSITY CAR
3/20/70
TRR SFC

105 KLD
35 mPH

5p.00
!

AT QR
;

Figure B-95

e

SO SR FN— S —

d 177

B-96




g
i &
Rl M T
=
>
= =eat
—
[ 21 [
=

o

o a3
- e
P =
Ty

- RN
ot

EHET

ﬁﬁmﬁmmxﬁ

g
n?@wi

Figure B-96

B-97



320/ 74
TRK SEC

HIGH DENSITY can

105 Kip

b5 Mpit

Figure B-97

B-98




I D -

DINSITY CAR

Al
165 kLB

372077y
TIK SEC 4

65 MPH

;.;;ﬁ.,

a.

ol . S
i‘

A

.

)
i

A

804
)

a
-’

1793
1

AT

3
"

D B

AN AL

83 REC
{ AT L

/s

1

!

-, EORT RE

. Funjas (a

i
t
F

Figure B~98

B-99



|
t

TR ST S

L

oo
-~y
L
[~
&
= ol
iy
v -
=
o
[
R
[
- L
= e

|
|
Y

Qo 105

J
ki

Lo

bt

1p.00
i

-4y -

L

wmmnmmz

Bd

e
oo

Figure B=-99

B-100




T

o >
<~
o~
c v
> ™
-~
L al -4
© -
=

L&
[
w C
= =
[y 0 )
— A
o

lWr.

e g S o s

€ 17
ﬁ{ll

HE

RS ywitas

TIC/L] VERT !

[ FORQ REE B

Figure B-100

B-101



3/20/ 1%
Tmx SEC |

us Mpit

sean DENSITY CAR
105 LB

T
R R S -

o e 2

II;&\

> RN R e

REC 1733

£l 4

¢‘§S§Mjwj.[

Figure B-101

B-102




3720774
TR SEC

HIGH DENSITY CAR

105 KLD
45 HPH

733
115

REE T
r,

i

B
|

Figure B-102

nicr

i
4

b

. 5ORGRE]

B-103




A
o~ O
L R
=
> ™
[
-_—
[} L
=z
wa
froli
o G
x -
LW
—C WY
-

Figure B~103

B-104




HIGH NENSITY CAR
3/20/74
TRK SEC |

105 KLB
45 MPH

L H
4 ;
;
P ;
H [
3 P
i
Lt
!
-
i

R

»

Figure B~104

B-105




3/20/74
Tak SEE )

NDENSITY AR

Hiry
105 Xt
55 M

0

e FEE SN RPN PR NSO PIYT 20NN O
.1 ,

b gt

1pi00
EORG RER B3 REC.

i [

-105

Figure B

B-106




3/20/7H

DENSITY CAR
TRK 5CF )

E

—
ar &
;o=
[ S ¥}

—_c
e

i
|
0o

e

Nl
»4;
W

|
+
1
'
4
-+

4D

}

T
T
RINE EETEL U
p e A

? ‘?;Al.ugﬂ

Cip.g0| 20,00 ' 80.00
P ekdalency D

g
“b].00

Figure B-106

B-107



x =
-~
O ~uw
(=R %]
- Fal
~ - B ) -~
. L a4
vy -
z
Lo
[ Rl
w O
= &
Cwn
-— W
R

— 1 T T
! {

: :" l__. 3% i
i1

L;ﬁ Gl

£rl
|

[«4

59 #eB B4

Figure B~107
B-108



G DINSITY CAR

105 KLB

SPC

3720/ 7%
ToK

Hp

45

§

' Sis-éa

i
T
i
1
i

Loro

a
| 4p.00
N

i
s,

SUP . —

( Q
)

vt

y | g

0
NC

LER

i
‘2’
-

B ek S Y L
'

ERT
S

|
|

|
[
FREGQ

Q7

RE
crle

;Jrno
d

Ad
1

&8

-
. _pET

"”""’"F

I

szu¢;4mmwuw

i

“bl.00

Figure B-108
B-109



.

3710/ 74
TRK SFC |

Pt

HIGH NENSITY CAR

105 KL

25

Tsh.0o

4

i
|
!

d

| 4p.00

e

e v»-_r e
i
i .
; i . b
B i .

-

.....{,......m.;.,.
I gt

I
i

o 7

3
2

‘113}
:

H
{
.lﬂ‘;.k

"
it

B

ki

R
W

EV .

|

r__

g

LILA

!

I .

f

REE 83 FEC T

lc/LILRT

|

i

H
SRNIPU K

1
I

20.00

ke

BORA

T

1

i
1

!’

SR N O

[

s
|

GUENC

F

10.0C
H

R

TR TS N SR

f

o
in
T

 BOR
AFI

2
"
[~

' pe-g 20
7 ALISN30 19891734

e ————

PP o

Figure B-109

B-110




3/20/74
TRK SFEC )

105 XKLL
HPrH

HIGH DBINGITY rAn
55

[
UiU
i

—

- 4 ; ;
o ; | o . . ! : L :
e B S T At Ml S mais — SEESY St
: SR _ : o ; . o : Pl
— R et — : d . } ’ g ; R =
X ; K i : : H o ! . . P :
AR TR E N A . %“ihm!mv RIS | . a
L i ; : : i 3
e u : = : - — ——fa
- .i_” - h_ ., jr—— - . - Lﬂ [P T Tl.l.l.T .,‘W;. [ [ S, = “.r RN, R S : B
1 H n .nl - i - . ” N N

] A

FREE TPRNS NN

Figure B-110

|
v
.
I
H
|
S SR .

“‘;’
i .

|

-

. p—— -
i a
=

ﬁsrw_ﬁa qmﬁuummvmuzums.% |

B-111




HIG DENSITY CAR
3/20/Th
TAK Src

105 X1B
55 wMpit

b

I'TG;,,,kgr;gn

AQ,

]‘;:}

B

117

i

RIH|Y

1

i

J—

Figure B-111

B-112




B
o P~ O
ol
& 1
>~
=
-
.
=
=S¢
x &
Tw
— L
-y

t s
BN g
- w PR W o S—
1 : ; (79
.n, B .
i
T IR O
! R — e
¥ ! - ,
[ S . poe e
: SRR |- Fo!
e b s
. - H

{H

1

‘REE 17p§ |

ERT|_.

o e « ““““ 1

,lill%liln?

BORC REQ 83

T

+

o D
-QrE

um.

L -Lmu

T wa:rjmnm ﬁum |

il

{
|
s
5

L FHRC/L

} §103

BI* , 0O
& Samia

“l.og

Figure B-112

B-113



3720774
S5FC 1

TR

M

HiGH DENSITY CAR

105 KLB
80

S TS ST S S SN OO GH S S FE N AR A N R

H H

ﬁ#ﬁ;

iéiuie_w!:wlulTi...! R - PR S

!
|
s ok
|
I
N PO P proeg sk
;.40 .00

i

E
r
!
e

;/‘:‘
ap.

|
-+
|
~
i
|
!
i

A
0
C

.

B-114

RH {8 AT |MRT: 1

By
B _fT

-
d

'

—

gA¢ RER B3 REL 1760

W0

:

GAq RE
W [RH

4

S

or-

-1y “Fonprias -

B
F

Figure B-113




HINK BYHLITY AR

: sh.o0

5720/ 74
are i

30 PRIt TRy

105 XLb

B

i
¢
1
|
i

4

1y : , oo
: H H : i t T ,..Illl.rw H Y :
B S A .-.!!.Ti%l:wl- A H— : . ORI KPR I B —_ - e <x,_.|llz.1 . Im
m IR L a4 - “ o ;
4 e T - E R - | o i : . i i H
I i b iy i ' )
) b H N X . : , . >
v ¥

!

F |

eg_

LRI 1

g0

FREGUENC

©1p.00
S NS,

- | : 1 1
rril= | : 1 v ,m. b
ma..wn e e b e * A s~ b !n 4 b i - R S
P45 HNS N S . A |
ﬁrﬂ.! . kw e N S u» B T wl i ST . i de e ,M.
o e R FLEd “
Q. [ S i i . ‘E ” o ; ! T T «::.,1-

o . 80" - % : . = [ oa-jy T . 00"
ﬁs o pEE wa:ajmam ﬁmm: B B, T.zmm émﬁ?m LEL T

.00

Lol

Figure B~114

B-115



-

o i o

i

i t
SRR S,
BN

a
T
.

SN DENSITY CcAR

105 KL&
80 HpH

3/20/ 714
TRK SEC f

-

REEES

ATg»nmv-
i

TR

g

P BT T

i

PN

o
it

Figure B-115

B-116




3/20/74
FIAVN

TRE

KL

L

HIGH DEMSITY CAR

108
an

L
Jdo

g

AD.00
e

{
-
o

AN

11l zl

B 1R

,WFS:Q;%}.,."*T
oz fe oL

£l

.’F ;

B
VERT

REQ
LV

3
£

#
i

1A

ﬁh
FI

P

e
. _REE

|
i .
.- z; +

g RED
L

b N .
[ N:E) ﬁ 13
RT,.|
RERRE
- + :

Figure B-116

B-117



N

b
o

E

LAT

|
i

R 10 i

i

lﬁnn:

SR S -

.

B e I

i

| BOR] REE BY

- RET ICIL

= 4
1
¥

.ﬁiu m

3720474
THE SFEC 1

P

HICH DFNSIETY CAR

195 KL
80

.00

!

i

1.

.00

Figure B-~117
B-118

Muumn muzum



HiGH DENSITY CAR
3/20/74
TR 5F0 ¢

105 Kti:
80 1P1t

i

i

S
.

t
B
|
|
B »30
L

[V PPN WP Do

LR

]

|
5!
=
e

g “
M M : . ¥
b SRS DU T e
: | 5 :
i : i H : HE 33
- St M s : !
RIS G I [ I » N N B i
.OL.||| ¥ I B .m i R
ﬁ?ﬂ T I - O
Lt kL‘ h : 4
. B i i b L 4

1

3
4
[T o S—
'
I

‘e

T

A
L
J

E

1

_1

|

|

|
i | e

ORQ REQ B

mlenly
I
e

|

A

o
i '
3
ied
=

ﬁﬁzm muxﬁa%_u

igure B-118
B-119

F



HIGIE NENSETY CAR
3/20/74
TEK STC 1

Ins rin
&0 1ipy

B-120

Figure B-119

,ufﬁgk
ERT

RE
RH

g

I B
LM




+
1 ¢

- .!w,Ier4.! [ SU— .4«|‘|Im
; H i

4

-:JJ|,+I,

A
+

e
;
%
i
%
i

e

g

1
4
:

Mo nEHSITY CAR
3/20/Th
TRE S0 1

105 riy
80 MM

M. " ! N
Vb b —leg
i . | S DO S A At B B i A DEEE A I R R R MW%
(L o ST
8 A
(e -

S TAp §

|
.gg

s

!
l

Lfﬁ

=

i

[ S T

EQUENCY:

|
deh

i
AF

e ”Fiiﬁﬂflﬁmﬂ‘iﬂl% :

'L{ VERT.

!JhT

T umnw%? § | uawmiam:numm

s i e

o

——

5oRd REP P REF 178A

@c’
14

o

%

Figure B-120

B-121






APPENDIX C
REPORT OF INVENTIONS

After a diligent review of the work performed under this
contract, it was determied that no innovation, discovery, improve-

ment or invention was made.









