NASA TECHNICAL
MEMORANDUM

NASA TM-78258

SOLID ROCKET BOOSTER THRUST VECTOR CONTROL SUBSYSTEM
VERIFICATION TEST (V-2) REPORT

By Boris Pagan
Structures and Propulsion Laboratory

(NASA-THN-78258) SOLID ROCKET BOOSTER THRUST N80-17139
YECTOR CONTROL SUBSYSTEN VERIFICATION TEST
(V-2) REPORT (NAS1) 174 p HC AOB/HNF AO1

CSCL 21H Unclas
G3/720 47207
December 1979 A /iu v‘!

L4 l;‘, y -

NAGA

Genge C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama

MBFC - Form 3190 (Rev June 1971)






Table of Contents

Page

I. Introduction 1
II. Test Objectives 3
IIl1. Hardware Identification 4
IV. History of Hot Firings 19
A. Test in Horizontal Position 21

B. Test in Vertical Position 22

V. Description

A. Auxiliary Power Unit 31

B. Hydraulic Components 50

VI. Conclusions 59
Appendix A Actuator Gimbal Programs 61
Appendix B Fuel Supply Module Temperature and Pressure 79
Appendix C Operating Parameters for Selected Tests 85
Appendix D  Hydraulic Fluid .ligh Pressure Transients 159

During Frequency Response
Appendix E  Selected GN, Spin Data 179

TBRHONAERY BLAHK
" maf_ 1L W



Introduction

The purpose of this report is to present a summary of the certification
phase V-2 testing results conducted on the TVC subsystem, dedicated to
the technical evaluation of this flight system.

The TVC subsystem, located on the aft skirt of the SRB, provides pitch,
roll and yaw movements, as required, by the guidance and control
system of the orbiter. It consists of two separate hydraulic nower
systems which supply power to the SRB gimbal actuators in response

to the orbiter commands. These two systems operate together, and they
are adapted so that when one of these systems fail, the surviving
module increases its output horsepower by increasing the turbine speed,
and in this way, satisfy the total TVC subsystem demand.

The TVC subsystem (Figure 1) was installed in MSFC test stand 500

and different tests ran to verify the overall operational characteristics.
It was subjected to a total of 66 hot firing starts and 9089 seconds of
operation in rock system and 9068.4 seconds on tilt system (See Tables

1 and 2). GNp spin tests performed on the TVC subsystem totalled

66 starts with 12950.8 seconds for rock, and 51 starts with 12265.5 seconds
for tilt. (See Tables 3 through 6). Of the 66 hot firing starts,

53 were completed.

The testing done during V-2 phase was divided into three parts:

horizontal, van, and vertical tests. The purpose of the horizontal test

was to demonstrate that the V-3 (TVC subsystem with the aft skirt)

can be tusted in that position and to develop hydraulic servicing procedures.
Additional bleeding and purging techniques were developed and additional
bleed hardware was employed to facilitate horizontal bleeding. The total
number of hot firings was three with 238.5 seconds on both systems.

The KSC hot firing van tests were done for the following reasons:



(1)toverify the operation of the TVC with this portable test facility, (2) to
train USBI personnel on testing operations, and (3) to develop a data base

to support the runs at KSC. Trke total number of hot firings was 12

with 1745 seconds of operation time on rock system and 1737 seconds on

tilt system.

A1l the testing done was with a load over the actuator to simulate

the nozzle. The gimbal programs (See Figures A-1 through A-16) consisted
of different ramps (up to 5 deg/sec gimbal rate), step commands and

sine wave inputs. Also, in some of these tests, the APU was commanded to
110 and 112 percent turbine speed to verify the operation of the TVC
subsystem in these modes.



Test Objectives

e Verify that the SRB TVC subsystem meets some of the level II
performance requirements under controlled loaded conditions.

e Build upa data base for support of flight and solid rocket
motoi static firings.

o To verify GNy» spin test procedures and build up data base for
cnrrelation with launch site verification of the TVC subsystem.

o To verify ground servicing procedures.

e To verify and implement changes required by component tests and/
or design reviews.



Hardware Identification
V-2 Verification Testing

Hardware Configuration: Verification Hot Firing Assembly

Drawing No.: 13A10180, Rev. A

System A System B
Components: P/N S/N S/N
APU 13A10010 102 101
Hydraulic Pump 13A10038 156850 15843
Hydraulic Manifold 13A10037 004 005
Hydraulic Reservoir 13A10036 0008 0005
Actuator 16A03000 004 002
FSM 13A10009-1 004 005
FIV 13A10041 0002 0001
Check Valve/ 13A10042 009 010

Filter Assembly

Quick Disconnects
(24 of them) 13A10050

Hand Valves 20M85007-1 - -
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TEST NO
PO37-002
P037-003
P037-006
PO37-007
P037-010
P037-011
P037-012
P037-013
P037-016
P037-017
P037-018
P037-01°
PO37-022
PO37-023

TOTAL 14 TESTS

TABLE 3

V-2 VERIFICATION TESTING (HORIZONTAL)
GN2 SPIN TESTS

SYSTEM A

TEST DURATION (SEC)

15
16
20
10
9
23
238
300

9.5

14.5
302
302
324.7

1592.7 SEC.

"

DATE
1/18/78
1/18/78
1125078
1/25/78
113078
113078
1130178
113078
2101178
2101178
2101178
210278
2102178
210378



TEST NO

P037-004
P037-005
P037-008
P037-009
P037-014
PO37-015
P037-020
P037-021

TOTAL 8 TESTS

TABLE 4

V-2 VERIFICATION TESTING (HORIZONTAL)
GNy SPIN TESTS

SYSTEM B

TEST DURATION (SEC)

15.5
15
10
11.5
210
300
301.5
302

1225. 5 SEC.

12

DATE
1/18/78
1/18/78
1125078
1126178
2101/78
2101/78
2002178
2102178



TABLES

V-2 VERIFICATION TESTING (VERTICAL)

SUMMARY QOF GN2 SPINS
TEST NO. RUNTIME (SEC)  DATE REMARKS
A B
Iy 2.6 ) 6/23/18 LOW SPIN PRESSURE — CUTOFF
a 1 0 6/23/18 LOW SPIN PRESSURE — CUTOFF
a8 13 0 6/23/78 LOW SPIN PRESSURE — CUTOFF
a5 30 0 8/23/78 LOW SPIN PRESSURE
4% 30 0 6/23/78 LOW SPIN PRESSURE
) 0 30 6/26/78 LOW SPIN PRESSURE
a3 0 30 6/26/78 LOW SPIN PRESSURE
a9 0 150 6/26/78 HIGH SPIN PRESSURE
50 0 150  6/26/18 HIGH SPIN PRESSURE
51 150 o 6/26/78 HIGH SPIN PRESSURE
52 150 0 6/26/78 HIGH SPIN PRESSURE
83 28.2 0 6/28/78 HIGH SPIN PRESSURE — CUTOFF
54 300 0 6/28/78 HIGH SPIN PRESSURE
5 0 300 6/28/78 HIGH SPIN PRESSURE
56 300 0 6/28/78 HIGH SPIN PRESSURE
57 0 300  6/28/78 HIGH SPIN PRESSURE
59 9.1 0 6/30/78 HIGH SPIN PRESSURE — CUTOFF
60 300 0 6/30/78 HIGH SPIN PRESSURE
61 0 300  6/30/78 HIGH SPIN PRESSURE
64 300 0 12078 HIGH SPIN PRESSURE
6 0 00 11278 HIGH SPIN PRESSURE

13



TABLE S
GN2 SPIN
VERTICAL TESTING (CONT )

TEST NO. RUNTIME (SEC) DATE REMARKS
A 8

155 60 60 3/26/19 LOW SPIN PRESSURE BOTR
156 300 0 3/26/19 HIGH SPIN PRESSURE ROCK
157 0 300 3/26/19 HIGH SPIN PRESSURE TILT
168 300 0 4/23/19 HIGH SPIN PRESSURE ROCK
169 0 300 4/23/19 HIGH SPIN PRESSURE TILT
170 300 0 4/23/19 RIGH SPIN PRESSURE ROCK
m 0 300 4/23/79 HIGH SPIN PRESSURE TILY
172 300 0 4/23M3 HIGH SPIN PRESSURE ROCK
173 ] 300 A/23779 HIGH SPIN PRESSURE TILT
174 300 0 4/23/19 HIGH SPiN PRESSURE ROCK
175 0 300 4/23/18 HIGH SPIN PRESSURE TILT
176 15 0 4/24/19 HIGH SPIN PRESSURE ROCK
177 300 0 4/24/19 HIGH SPIN PRESSURE ROCK
178 0 300 4/24/1% HIGH SPIN PRESSURE TILT
179 300 0 4/24/79 RIGH SPIN PRESSURE ROCK
180 0 300 4/24/1% HIGH SPIN PRESSURE TILT
181 300 ] 4/24/19 RIGH SPIN PRESSURE ROCK
182 ) 300 4/24/19 HIGH SPIN PRESSURE TILT
183 300 0 4/26/719 HIGH SPIN PRESSURE ROCK
184 ] 300 4/26/79 HIGH SPIN PRESSURE TILT
188 300 0 4/26/19 HIGH SPIN PRESSURE ROCK
186 0 300 4/26/719 HIGH SPIN PRESSURE TILT
187 1428 0 4/26019 HIGH SPIN PRESSURE ROCK

14



TEST NO.

188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
20%
206
207
208
209
210

TABLE S

SPIN

15

REMARKS

HIGH SPIN PRESSURE TILT
HIGH SPIN PRESSURE ROCK
HIGH SPIN FRESSURE TILT
HIGH SPIN PRESSURE ROCK
HIGH SPIN PRESSURE TILT
HIGH SPIN PRESSURE ROCK
HIGH SPIN PRESSURE TILT
LOW SPIN PRESSURE TILT
HIGH SPIN PRESSURE ROCK
HIGH SPIN PRESSURE TILT
HIGH SPIN PRESSURE ROCK
HIGH SPIN PRESSURE TILT
HIGH SPIN PRESSURE ROCK
HIGH SPIN PRESSURE TILT
HIGH SPIN PRESSURE ROCK
HIGH SPIN PRESSURE TILT
HIGH SPIN PRESSURE ROCK
HIGH SPIN PRESSURE TILT
HIGH SPIN PRESSURE ROCK
HiGH SPIN PRESSURE TILT
HIGH SPIN PRESSURE ROCK
HIGH SPIN PRESSURE TILT
HIGH SPIN PRESSURE ROCK

GN 9
VERTICAL TESTING (CONT.)
RUNTIME (SEC) DATE
A 8
0 300 426119
300 0 a/30/79
0 300 a/30/78
300 0 a/30/79
0 300 a/30/19
300 0 430779
0 300 a/30/19
0 60 6/6/79
300 0 61119
0 300 61179
100 0 6/8/19
0 300 6/8/19
100 0 6/11/79
0 300 6/11/19
300 0 6/11/79
0 300 6111779
300 0 611279
0 300 6/12/19
300 0 612/79
0 300 6112179
300 0 §12/79
0 300 6112/79
300 0 6/13/719



TABLE &

GN 2 SPIN
VERT!CAL TESTING (CONT.)

TEST NO. BUNTIME (SEC DATE REMARKS
A £

m ] 300 6/13/719 HIGH SPIN PRESSURE TILT
12 300 0 6/13/19 HIGH SPIN PRESSURE ROCK
23 L 300 6/13/18 HIGH SPIN PRESSURE TILT
04 300 0 6/13/79 HIGH SPIN PRESSURE ROCK
215 0 300 8/13/19 HIGH SPIN PRESSURE TILT
216 300 6/13/719 HIGH SPIN PRESSURE ROCK
m 0 300 6/13/719 HIGH SPIN PRESSURE TILT
218 300 0 6/13/19 HIGH SPIN PRESSURE ROCK
247 300 300 1/28/18 HIGH SPIN PRESSURE BOTH
248 300 300 1/26/19 HIGH SPIN PRESSURE BOTH
249 300 300 1/26/19 HIGH SPIN PRFSSURE BOTH
250 300 300 1/26/19 HIGH SPIN PRESSURE BOTH
251 300 300 1/26/19 HIGH SPIN PRESSURE BOTH

16



TEST NO

90
9

92
93

95

TABLE 6

GN,, SPIN
VERTICAL TESTING (VAN)

RUNTIME (SEC) DATE
A B

2 0 8/22/18

2 (] 8/23/18

000 o 8/24/18

0 30(2) 8/24/18
110.3 0 8/25/18
300 0 8/25/18

0 300 8/25/18

17

REMARKS

LOW SPIN PRESSURE
LOW SPIN PRESSURE
LOW SPIN PRESSURE
LOW SPIN PRESSURE
HIGH SPIN PRESSURE
HIGH SPIN PRESSURE
HIGH SPIN PRESSURE

CUTGFF
CUTOFF

CUTOFF
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V-2 Testing in Horizontal Position

Test P037-024 was conducted successfully on February 3, 1978.
The purpose of this test was to verify the hardware and software
prior to a full duration test (160 seconds). The test duration
was 20 seconds, and the "C" Gimbal Program (KSC Checkout Profile)
wvas used on the actuators.

Test P037-025 was conducted successfully on February 8, 1978.
The. purpose of this test was to compare the data from test P037-024:
1 degree step commands to a 5 degree/second ramp rate. As a result
of this firing, it was determined that the 5 degree/second ramps
were more suitable for the KSC checkout profile than the step
commands. This lasted 72.5 seconds and the "special" Gimbal
Program was used on the actuator.

Test P037-026 was conducted on February 9, 1978. The purpose
of this test: to run a full duration (160 seconds) firing using the
F1 Gimbal Program was accomplished without any problems.

NOTE: A1l the verification testing done in horizontal position was
performed with unloaded actuators,

AL CTENTIOR LY v ¢
PR NO. |

21



V-2 Testing in Vertical Position

Test P037-062 was conducted on June 30, 1978. This test ran the
modified KSC checkout profile, CI Gimbal Program, (See Fig. A-2).
During a post test inspection, hydrazine was found in the tail pipe
fitting of both APU's. The data showed that the AFU control valves
leaked during this test. These valves did not pass the leak check.
Consequently, they were replaced to prevent majo~ problems. It was
determined later that these valves were contaminated during the
hydrazine servicing prior to the hot firiny. No other anomalies were
found in this firing. This run lasted 20 seconds.

Test P037-066 was conducted on July 12, 1978. This test ran the F1
Gimbal Program (See Fig. A-6) for 160 seconds. This firing was aborted
after the APU low turbine speed cutoff in the .ck system (55,000 rpm
cutoff redline) was activated at 2.5 seconds instead of the normal

4 seconds resulting in an APU shutdown during start transient. This
problem was attributed to a facility electronic problem. Tilt APU was
cut manually at 25.2 seconds. A post test inspection and data analysis
revealed no other problems during hot firing operation.

Test P037-067 was conducted on July 13, 1978, as a repeat of test
P037-066. This time, the TVC ran successfully for 160 seconds.

Test P037-068 was conducted on July 13, 1978. This test ran the G
Gimbal Program (See Fig. A-9) for 160 seconds; but, the test was

aborted after a premature cutoff due to low hydraulic fluid supply
pressure on the tilt system. This was caused by the actuator being
off-null prior to start because of a procedural error. No system
anomalies were observed and rock system continued operation under the
backup mode until 75 seconds when this APU could not supply enough power
when both actuators were commanded to a 5 deg/sec gimbal rate. ({Under
this mode, the APU can supply power up to a maximum of 3.2 deg/sec
actuator gimbal rate.)

22



Test P02” 069 was conducted on July 14, 1978, as a repeat of test P037-068.
This time, the TVC rar. successfully for 160 seconds.

Test P037-070 was conducted on July 14, 1978, and the Nominal Flight
Mission Gimbal Program, Test D, (See Fig. A-4) was accomplished.

Test P037-071 was successfully run on July 19, 1978, using the F2 Gimbal
Program (See Fig. A-7).

Test P037-072 was conducted on July 19, 1978. This firing ran tnhe 110 PCT
APU speed performance requirement on tilt system, Test H, (See fig. A-10).
No anomalies were detected.

Test P037-074 was successfully conducted on July 21, 1978, using the F2
Gimbal Program.

Test P037-075 was conducted on July 21, 1978. This test ran the 100 PCT
APU speed performance requirements, Test E, (See Fig. A-5).

Test P037-076 was successfully run on July 24, 1978, using the E Gimbal
Program again.

Test P037-077 was conducted on July 24, 1978. This firing ran the G
Gimbal program, and no anomalies were detected.

Test P037-078 was conducted on July 24, 1978. This firing ran the D
Gimbal Program, and it was cut at 152 seconds from low hydraulic fluid
supply pressure on both APU's. Theactuators Tost the signal from the
test computer because of a facility problem and were commanded to hard-
over position (fully extended or retracted step command) prior to
termination. It was also observed that the rock lube 0il temperature
had exceeded the redline value at cutoff time. No other anomalies
were reported.

23



Test P037-079 was conducted on July 26, 1978. This hot firing ran the

E Gimbal Program; but, the test was aborted by an underspeed cutoff signal

on tilt APU that was activated early (2.9 seconds) because of instrumentation
problem. The data indicates that the tilt APU GG pressure buildup was slow.
Rock APU continued operating in the backup mode until 33.6 seconds when it
was cut by low hydraulic fluid supply pressure caused by the high flow
demand. (5 deg/sec gimbal rate in both actuators)

Test P037-080 was conducted on July 26, 1978. This hot firing ran the

E gimbal program again. But, the test was aborted. Ancther underspeed
cutoff signal this time at 3.7 seconds. The tilt APU GG and fuel pump
outlet pressure buildup was slow, causing the slow start in the APU

turbine speed. The test was cut manually at 11.9 seconds. Further analysis
determined that this failure was caused by a leaking relief valve inside

the fuel pump. The fuel pump was replaced prior to the next hot firing,

and testing was resumed.

Test P037-081 was conducted on August 1, 1978, as a repeat of test P037-079.
This time, the test lasted 160 seconds (full duration), and the only
abnormal observation was the high lube 0il temperature at the end of the
test.

Test P037-082 was conducted on August 1, 1978. This hot firing ran the
110 PCT Rock APU Speed Performance Requirements, Test J, (See Fig. A-12)
This firing was cut at 150.5 seconds because of high Tube o0il temperature.
The gimbal program had just been completed with no further problems.

Test P037-083 was conducted on August 1, 1978, using the DM-3 Duty Cycle,

Test N*, (See Fig. A-1%). At test termination, the rock APU lube nil
temperature was high. No other anomalies were reported during this test.
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Test P037-084 was conducted on August 2, 1978, and this hot firing ran
the Test D Gimbal Program.

Test P037-085 was successfully conducted on August 2, 1978, using the
N* Gimbal Program.

Test P037-086 was conducted on August 2, 1978. This hot firing ran the
Test E Gimbal Program, and no anomalies were detected.

Test P037-087 was conducted on August 3, 1978. This hot firing ran
Test D Gimbal Program without any problems.

Test PU37-088 was conducted on August 3, 1978. This hot firing ran Test D
Gimbal Program. Rock APU experienced an early cutoff at 88.4 seconds due
to high Tube oil temperature. Further analysis and hardware inspection
determined that this condition was created by an overfilled gearbox.

This problem was caused by the inability of the rock gearbox optic level

sensor to read the amount of oil in that gearbox. From this point onward
Tevel will be estimated by the temperature differential during a hot firing.

From August 7 to 22, 1978, the KSC Hot Firing Van was installed. and the

TVC system hardware. facility. and test procedures were prepared to conform
with that equipment.

Test P037-096 was conducted on August 28, 1978. This test ran the
KSC checkout profile (Cl1 Gimbal Program). This run lasted 20 seconds, and
no anomalies were reported.

1est P037-097 was conducted on August 29, 1978, using the D Gimbal Program.
Vibration in th2 hydraulic 1ine damaged some of the brackets that hold

this line to the test frame. No other anomalies were reported. This test
lasted 160 seconds.
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Test P037-098 was conducted on August 30, 1978. The N* Gimbal Program
was used. This run was aborted by the observer at 117 seconds because of
high gas generator pressure (1750 psig). After checking out all the
electronics, the conclusion was that the scale was erroneously set, and
the actual pressu~e was (1325 psig). The TVC ran according to what was
expected and no anomalies were reported in this test.

Test P037-099 was conducted :n August 31, 1978, as a repeai of test
P027-098. This time, the test was completed without any aromal -

Test P037-100 was conducted on August 31, 1978. This firing ra APY
Control Valve Redundancy Test, Test I, (See Fig. A-11). Some vibration
was observed and some brackets became loose during this run which lasted
160 seconds, but no other anomalies were encountered.

Test P037-101 was successfully conducted on September 7, 1978, using the
F3 Gimbal Program.

Test P037-102 was conducted on September 8, 1978, and this firing ran the
D Gimbal Program. Vibration was still present, but no other problems
were encountered.

Test P037-103 was successfully conducted on September 11, 1978, and the
N* Gimbal Program was used.

Test P037-104 was conducted on September 11, 1978. This hot firing
ran the I Gimbal Program. Vibration caused some brackets to get loose
during this test, but no other anomalies wer2 reported.

Test P037-105 was conducted or. September 13, 1978. This firing ran the
D Gimbal Program, but the vibration was still present in the system.
No other problems were encountered.
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Test P037-106 was successfully conducted on September 13, 1978, using
the N* Gimbal Program.

Test P037-107 was conducted on “a2ptember 15, 1978. This firing ran the
D Gimbal Program. Vibration was still present, but no other problems
were detected during this test. This was the last mission commanded
from the KSC Hot Firing Van.

From September 15, to September 18, 1978, the KSC hot firing van was
disconnected irom the test stand, and instrumentation was changed to
confor.. with the old facility (Block House).

Tes* P037-108 was conducted on September 19, 1978, using the D Gimbal
Program. Vibration was still present, but no other anomalies were

found.

Test P037-109 was conducted on September 27, 1978. This firing ran a

special test to troubleshoot the vibration problem. The L Gimbal Program
was used (See Figure A-13). The test lasted 113 seconds, and the vibration

was still present.

Test P037-110 was conducted on October 6, 1978. This was a special
test on hydraulic line vibration using the G Gimbal Program at 100 PCT
APU speed for 160 seconds. Mo anomalies were observed during the test.

Test P037-111 was conducted on October 6, 1978. This was another special

scheduled test on line vibration. The N* Gimbal Program vas used, and
vibration measurements were installed throughout the system prior
to this run. No problems were encountered during the firing.
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Test P037-112 was conducted on October 6, 1978. This was the 4th
special run on vibration. The M Gimbal Program was used (see Figure A-14).
The test lasted 146 seconds, and the vibration was still present.

Test P037-113 was conducted on October 6, 1978. This test ran the

D Gimbal Program. Prior to this firing, the test frame was reinforced

and new bracketry was added to the hydraulic lines to eliminate vibration.
The problem disappeared after this run. This test lasted 160 seconds, and
no other anomwties were present.

Test P037-114 was conducted on October 16, 1978. This test ran the F3
Gimba! Program (see Figure A-8). But, the test was aborted by the test
conductrr when the tilt actuator failed to move to the command signals.
After visual inspection at the test site, it was determined that the

tilt actuator prefiltration valve was left open prior to the hot firing.
After the system's inspection and data analysis were made, it was resolved
that there was no hardware damage, and that no redlines were exceeded.

Test vu37-115 was conducted on October 16, 1978, as a repeat of test
P037-114. This time, TVC ran successfully for 160 seconds.

Test PC37-116 was conducted on October 17, 1978, using the D Gimbal
Program.

Test P037-117 was successfully conducted on October 18, 1978, using the
E Gimbal Program.

Test P037-118 was conducted on October 19, 1978. This firing ran the D
Gimbal Proyram. No anomalies were reported.

Test P037-119 was conducted on October 20, 1978. This firing ran the
H Gimbal Program, and no problems wer _.ncountered.
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Test P037-120 was conducted on October 23, 1978, and this firing
employed the D Gimbal Program.

Test P037-121 was conducted on October 24, 1978, This firing ran the
D Gimbal Program again. No anomalies were reported.

Test P037-122 was conducted on October 25, 1978, using the E Gimbal Program.

A fluid leak inside the tilt hydraulic reservoir resulted in the ac-
cumulation of 2000 cc of oil in the air side cavity (bottom side of
piston) during the past few tests. No other anomalies were found.

Test P037-123 was conducted on October 26, 1978, and this firing ran the
I Gimbal Program. The amount of fluid leaking inside the tilt hydraulic
reservoir was 5-10 cc during this test. No other problems were reported.

Test P037-124 was conducted on October 27, 1978. This firing ran the E
Gimbal Program. During a past test inspection, 500 cc of fluid was
discovered in the air side cavity of the hydraulic reservoir. After a
thorough investigation, it was decided to replace this hardware and send
it to the vendor for repair.

Test P037-158 was conducted on March 26, 1979. This firing ran the D
Gimbal Program. No problems were encountered.

Test P037-159 was successfully conduc.ed on March 29, 1979, using the D
Gimbal Program again.

Test P037-160 was conducted on March 30, 1979. This firing ran the C2
Gimbal Program (See Fig.A-3) 4 times. No anomalies were reported.
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Test P037-161 was conducted on March 30, 1979. This firing ran the C2
Gimbal Program 3 times. No problems were found.

Test P037-162 was conducted on April 2, 1979, and this firing ran the
J Gimbal Program.

Test P037-163 was successfully corducted on April 3, 1979, using the E
Gimbal Program.

Test P037-164 was conducted on April 4, 1979. This firing ran the G
Gimbal Program and simulated the fuel cell switching transient. Power
was removed from the rock APU for 100 ms at 100, 110, 112 PCT turbine speed

during gimbaling. No problems were encountered.

Test P037-165 was conducted on April 10, 1979. This firing repeated
Test P037-164; although, this time, power was removed from the tilt APU.

This firing was a success.

Test P037-166 was successfully conducted on April 10, 1979, using the F1
Gimbal Program. The data from this test will be ccmpared with test
P037-067 to correlate trends and system degradation. No anomalies were
found in the systems during the firing.

Test P037-167 was conducted on April 11, 1979. This test ran the G Gimbal
Program without any problems. The data from this test will be compared
with test P037-069 to correlate trends and system degradation. This was
the Tast hot firing during V-2 testing.



Description

A. Auxiliary Power Unit (APU)

The operation of both auxiliary power units during V-2 testing was
excellent. Both APU's were subjected to 66 starts and performed
flawlessly to all the Toads that were imposed. This could be seen

in the data coming off parameters like: turbine speed, fuel pump

outlet and gas generator pressures, and the time the control valves
stayed open. Two of the major problems: the leaking control valves

and the fuel pump leaking relief valve were caused by contaminants intro-
duced into the system during servicing. The other problem was the
gearbox broken diaphragm which was not a test constraint although it

made it difficult to read the lube 0il level.

The APU turbine speed cycled within the expected band: -4.2 PCT to

+ 3.5 PCT for rock APU; and - 5.3 PCT to + 4.3 PCT for tilt. This was
obtained at a 5 deg/sec actuator gimbal rate. The average transient
startup period necessary to obtain rated speed is 3.13 seconds for
rock APU and 3.26 seconds for tilt. This transient time was achieved
with an average gas generator bed temperature of 2250 F at start.
Figures 2 and 3 show the turbine speed at 100 PCT, 110 PCT, and 112
PCT for both APU's. Figures 4 and 5 show the start transient speed
in test P037-167 for both APU's. Figure 6 shows the turbine speed
transien. when the actuators are commanded tu a 5 deg/sec gimbal rate.

The average time the gas generator control valves are open was: 110-130 ms
for rock; and 130-150 ms for tilt. The valves were opened for a longer
period of time at a 5 deg/sec gimbal rate, but this amount of time

depends on how long the actuators were gimbaled at this rate. The fuel
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pump pressure was: 1300 to 1350 psig for rock APU; and 1400 to 1450
psig for tilt. (This occurring at 100 PCT turbine speed). The gas
generator pressure was: 1100 to 115C psig for rock and 1200 to 1250
psig for +ilt. A1l these measurements show the good performance of the
APU's throughcut the different runs. Figures 7 through 12 show the
gas generator and fuel pump outlet pressures at: 100 PCT; 110 PCT,

and 112 PCT turbine speed.

For mcst full duration hot firings, .he gas generator maximum bed
temperature range from 11000 F to 1200° F and the turbine exhaust
temperature from 4500 F to 6000 F. The temperature variations are
normally a function of the gimba' program and of the turbine speed.
Fer more information, see Table 7.

The lube 0il and the gearbox were the areas of concern during verification
testing. One hot firing {test P037-088) was aborted due to high lube

o1l temperature caused by an overfilled gearbox in the rock system. The
lube 0i1 level in the gearbox can be detected by the optic sensors
However, this measurement does not verify the total lube o0il volume.
Therefore. lube oil temperature rise must be considered. Flight APU's

are provided with the capability of indicating actual gearbox lube oil
volumes. The normal temperature rise for a full duration hot firing
ranges from 100CF to 140°F (see Table 8).
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TABLE 7

AUXILIARY POWER UNIT TEMPERATURE

BOCK SYSTEM TLISYSTEM
GAS GENERATOR TURBINE EXHAUST GAS GENERATOR  TURBINE EXHAUST
TEMPERATURE (°F) TEMPERATURE (°F) TEMPERATURE (°F) TEMPERATURE (°F)
START MAX END START MAX END START MAX END START MAX END
PO37 - 028 - - - 41 186 186 - - - 41 1183 183
- 025 202 1014 1014 44 a1 an 214 985 985 57 458 458
- 26 215 1172 1é 63 570 542 235 1118 1116 84 5S4 554
— 062 27 &5 ars 86 198 198 212 443 443 84 192 192
— 066 214 214 214 92 130 130 200 596 596 87 201 9
—ng7 22 12 N2 90 553 546 208 1087 1085 88 519 507
— 068 200 1048 1048. B9 493 488 216 284 244 87 183 183
- 069 219 110 110 g9 537 533 200 1067 1067 87 501 501
- 070 203 1143 1137 92 567 563 220 1M1 107 92 552 543
-on 207 147 1143 575 567 216 1118 1112 86 556 544
-072 212 491 a9 92 217 27 209 1193 1175 9% 627 609
- 074 208 1151 1146 91 577 568 200 1122 1118 88 566 553
- 075 206 1151 1143 94 569 566 21 17 12 92 553 645
- 076 21 159 149 92 571 563 204 1122 14 87 559 550
-on 198 12 M2 93 554 553 205 1083 1083 92 515 51
-078 235 1188 1188 9% 646 646 230 125 1123 94 686 586
- 079 208 779 779 87 401 am 23 225 225 82 132 132
- 080 204 354 354 91 196 196 205 210 210 % 163 163
— 081 222 1173 1170 85 588 586 214 1131 1124 83 553 549
- 082 200 1239 1232 9 675 657 211 521 & 87 218 214
- 083 219 1157 1157 90 598 577 210 1124 1124 89 683 545
- 084 206 1157 1155 9 588 688 207 1125 1120 89 653 543
- 085 209 1130 1130 94 578 547 206 1119 1118 93 579 5%
— 086 215 1149 1143 95 577 569 216 1126 1120 94 569 566
- 087 219 1149 1144 32 6518 677 206 1128 1120 89 557 551
- 088 221 1151 1151 94 586 586 218 1179 1169 93 611 603
- 096 255 630 630 110 285 255 240 610 610 110 280 280




TABLE 7

AUXILIARY POWER UNIT TEMPERATURE (CONT'D)
ROCK SYSTEM TILT SYSTEM

TEST NUMBER GAS GENERATOR TURBINE EXHAUST | GAS GENERATOR TURBINE EXHAUST
TEMPERATURE (°F) TEMPERATURE (°F) | TEMPERATURE (°F) TEMPERATURE (°F)

START MAX END STARTMAX END |START MAX END START MAX END

PO37 - 097 230 1180 1170 110 640 620 250 1180 1180 110 645 640
- 098 240 1130 1130 90 525 525 255 1140 1140 90 585 585
- 099 255 1180 1180 100 650 500 250 1170 1170 90 680 640
- 100 250 1215 1210 90 650 50 255 1200 1200 90 670 67C
- 101 255 1190 1190 100 645 600 255 1190 1180 110 675 640
— 102 270 1200 1200 100 640 630 250 1190 1170 90 645 630

- 103 255 1190 1190 105 660 610 260 1190 1190 110 690 645
- 104 255 1210 1210 100 670 670 260 1200 1200 110 680 680
- 105 255 1200 1190 100 640 630 240 119¢ 1180 105 660 640
- 106 255 1180 1180 90 650 600 25¢ 180 1180 100 690 645

- 107 260 1185 1170 90 610 600 270 180 1170 100 660 640
- 108 216 1158 1151 96 589 586 225 1137 1A 95 567 563
- 109 225 1119 1119 72 543 529 201 1079 1079 72 499 478
- 110 223 117 1M17 54 6552 550 202 1086 1086 55 512 510
- 1M 219 1137 1137 62 599 569 206 1118 1118 60 604 562
~ 112 223 11t 11 64 543 540 206 1087 1087 63 530 518
- 13 224 1162 1156 67 592 587 202 1127 1123 66 583 574

-114 224 1182 1182 - - - - - - - _ —

- 116 254 1120 1114 - - - 252 1066 1066 - - -

- 116 225 1.142 1134 56 577 571 202 1126 1123 56 553 550
- 117 224 1140 1129 61 580 570 204 1127 1120 58 565 556
- 118 226 1151 1142 66 588 582 216 1120 1116 65 579 566
~-119 237 505 505 65 191 1N 199 1185 1175 62 667 655
- 120 227 1150 1142 73 593 590 213 1129 1122 71 591 583
-121 227 1137 1130 58 583 579 198 1118 1114 53 562 554
- 122 222 1148 1134 69 587 581 203 1123 1117 64 579 568
- 123 226 1170 1163 72 600 600 217 1143 141 70 595 591
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TABLE 7

AUXILIARY POWER UNIT TEMPERATURE (CONT'D)

ROCK SYSTEM TILT SYSTEM

TEST NUMBER GAS GENERATOR TURBINE EXHAUST | GAS GENERATOR®  TURBINE EXHAUST
—_—— TEMPERATURE (°F) TEMPERATURE (°F) | TEMPERATURE (°F) TEMPERATURE (°F)
START MAX END START MAX END | START MAX END START MAX END

PO37 —124 24 1147 1134 60 580 573 205 1119 1115 58 558 544
-131 180 1067 1065 4 547 529 210 1085 1079 38 512 466

- 158 216 1137 1132 56 591 6585 23 943 847 54 555 543

- 159 213 1137 1132 82 586 582 231 897 833 go 561 549

.- 160 217 980 980 80 457 454 224 846 843 78 341 337

- 161 299 934 934 77 439 436 208 827 827 73 305 304

- 162 222 1221 1195 66 662 638 220 520 520 65 185 183

- 163 211 1146 1132 62 584 571 231 924 903 61 558 545

- 164 227 1112 112 67 557 557 231 911 907 65 507 500

— 165 230 1106 1102 58 549 549 228 942 938 56 502 506

- 166 232 1124 1120 67 577 560 229 92 957 64 556 530

-~ 167 227 1M13 1 83 554 550 231 986 982 81 518 513

*STARTING WITH TEST P037-158,
TRANSDUCER READING WAS BAD
DUE TO A LOOSE CONNECTION
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TABLE 8

LUBE OIL TEMPERATURE
ROCK SYSTEM TILT SYSTEM
TEST NUMBER  T6A T6A_AUX T68 T6B AUX
START END START END START END START END
PO37 -024 45 50 45 68 45 51 42 55
—~025 72 128 65 147 63 133 65 137
-026 69 169 64 185 73 183 71 183
-062 97 105 91 18 96 106 97 115
-066 100 101 96 102 102 116 98 126
-067 90 204 9 204 38 199 93 190
-062 9 162 89 173 97 98 100 106
-069 85 208 82 206 83 199 85 198
~070 95 210 90 211 92 202 9% 200
~071 88 203 8 205 85 193 83 174
-072 99 112 9% 112 98 218 95 186
~074 88 201 87 202 86 194 8 1N
-075 95 206 91 203 95 205 99 193
-076 88 203 8 204 86 194 91 182
-077 93 216 94 216 97 209 97 202
-078 113 288 103 310 1M1 215 106 204
-079 . 8 107 81 121 84 84 99 97
~080 94 9 88 98 88 88 g1 93
—081 84 240 82 256 82 196 85 171
~082 93 288 g7 310 91 102 % 107
~083 99 252 93 269 93 211 94 184
~084 89 211 gg 219 87 197 90 186
~-085 97 205 94 207 95 206 9% 181
-086 102 211 98 213 101 21 101 184
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TEST NUMBER

TABLE 8

LUBE OIL TEMPERATURE (CONT. )

T6A
START

PO37

- 087
— 088
— 096
— 097
— 098
- 099
- 100
-101
- 102
—103
- 104
- 105
- 106
- 107
- 108
- 109
- 110
-m
- 112
-113
- 114
- 115
- 116

- 117

88
99

88
82

102

82

112

78
97
73
57
85
79
80
61
75
55
60

ROCK SYSTEM
T6A AUX

END START END
201 85 205
289 94 310
104 92 115
198 86 199
174 85 175
200 78 199
226 88 230
202 85 200
192 76 197
202 88 202
230 105 232
194 92 200
198 82 199
182 76 182
201 92 201
154 68 162
181 52 183
207 70 209
189 69 192
203 71 203
133 59 143
196 66 192
174 52 175
179 54 177

T6B

START
87

97
96

8 B

102
92
80

112
92
88
80

72
55
81
77
78
59
75

TILT SYSTEM
T6B AUX_

END START END
194 86 184
212 92 181
102 94 113
202 87 213
162 86 172
190 79 193
234 90 248
196 89 199
184 77 197
194 92 203
228 105 245
190 94 204
192 83 195
184 76 190
187 95 190
144 71 158
170 54 177
196 70 201
178 71 183
191 72 194
i28 5¢ 141
182 68 187
158 52 173
163 55 174



TEST NUMBER

P037

-118

-119

-120

- 121

—-122

—-123

- 124

- 131

- 158

- 159

— 160

- 161

— 162

— 163

- 164

— 165

— 166

- 167

TABLE 8

LUBE OIL TEMPERATURE (CONT.)

ROCK SYSTEM
T6A T6A AUX
START END START END
63 182 60 181
62 67 59 76
69 185 66 185
59 180 56 182
63 184 60 180
72 207 7 206
58 182 51 185
68 184 62 184
57 192 55 201
81 193 78 196
79 138 75 150
99 147 88 158
67 200 66 209
63 168 62 170
67 185 65 185
56 171 54 176
76 165 67 168
81 175 78 173
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TILT SYSTEM
T68 T6B AUX
START END START  END
62 180 63 195
69 190 74 195
68 180 66 189
56 167 57 179
60 170 60 181
70 195 7 201
56 165 52 175
64 179 60 185
55 167 56 176
79 187 79 196
77 132 74 148
95 141 87 154
64 71 64 84
60 169 60 180
66 178 66 182
54 170 54 179
72 179 66 194
79 188 78 200



B. Hydraulic Components

During V-2 hot firing operations, the behavior of the hydraulic
components: pumps, reservoirs, manifolds, filters and actuators

was excellent in most cases with a few scattered problems. The main
problems encountered during hot firing operations were: a hydraulic
fluid leak developed in the tilt reservoir which was sent back to
the vendor for repairs, and @ minor leak in the tilt pump shaft seal
which was not considered important. Another problem was the two
reservoir Tops that were blown out as a result of procedural error
in the hydraulic fill, flush, and bleed operation. This was not a
system's failure.

The system was exposed to a series of gimbal programs with a combination
of ramps, step commands and sine waves (see Figures A-1 through A-16).
and the behavior of the different hydraulic pressures was observed.

The hydraulic pump maintained a high pressure under all types of gimbal
rates that the actuator was commanded to during these tests. The
pressure surges resulting from servovalve operation as the actuators

were gimbaled was studied. The hydraulic fluid supply pressure (primary
high pressure) in both systems was maintained over 3000 psig through
most of gimbal program. It rarely dropped below 2500 psig, and when

it did, it was for just a fcw milliseconds (see Figures 13 through 16).
The worse drops occurred during the frequency response (sine wave input)
at 4 and 6 Hz where the pressure dipped to 1750 psig in rock system

and 1500 psig in tilt, again for just a few milliseconds. (See Figures D-1
through D-18).

These oscillation modes can be seen when the actuators are gimbaled:
12 Hz, 25 Hz, and 60 Hz. The 12 Hz and 60 Hz are the hydraulic pump
oscillation modes (see Figures 15 and 16). The 25 Hz is caused by a ramp
command signal which is 25 steps per second (see Figures 13 ~nd 14).



The hydraulic fluid temperature rise never presented any problems.

The usual increase in Temperature was 200F to 300F although in

some test, the rise was close to 400F, but this was due to the gimbal
rogram imposed on the system. The reservoir level never exceeded 80
PCT during hot firing operations and was never near being filled.

(See Table 9) The hydraulic manifold low pressure showed unusually
high surges (up to 500 psig in some cases, but just for 5-10 ms only).
This was never reflected in the reservoir pressure parameter since it
never exceeded 90 psig in a given test.
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TABLE 9

HYDRAULIC RESERVOIR POSITION AND TEMPERATURE

ROCK SYSTEM TILT SYSTEM
HYDRAULIC HYDRAULIC  HYDRAULIC HYDRAULIC
RESERVCIR FLUID RESERVOIR FLUID
POSITION (pCT) TEMP (°F POSITION (PCT) TEMP (°F)
TEST NO START MIN MAX START END START MIN MAX START tND
P0O37 - 024 67 64 64 46 46 73 65 65 50 50
— 025 73 7T n 52 57 75 69 69 62 63
- 026 75 66 66 88 109 75 69 72 89 110
— 062 69 67 68 - - 68 64 6b 100 100
— 066 76 74 75 - - 76 73 73 102 103
— 067 74 72 76 - - 71 68 72 89 110
— 068 73 72 75 - - 72 69 69 93 92
~ 069 72 717 74 - - 72 69 72 83 95
— 070 A 70 75 - - 73 70 74 104 117
- 07N n 69 74 - - 74 70 75 84 116
- 072 69 68 70 - - 74 70 76 93 131
— 074 72 58 62 - - 74 70 76 85 118
— 075 74 m 76 - - 75 n 75 92 118
- 076 72 69 74 — ~ 74 70 75 87 m
- 077 70 69 72 - - 75 71 75 93 107
— 078 70 69 73 - - 76 72 78 99 127
- 079 73 72 73 : 78 78 74 70 70 83 83
— 080 73 3 713 83 83 74 68 9 88 89
— 081 72 70 75 78 98 73 67 72 82 106
— 082 n 7 77 84 113 73 68 70 ) 90
— 083 72 71 74 94 105 73 68 73 90 116
— 084 68 66 71 84 106 72 67 72 86 M
— 085 67 66 69 92 105 73 68 73 94 118




TABLE 8

HYDRAULIC RESERVOIR POSITION AND TEMPERATURE (CONT. )

ROCK SYSTEM TILY SYSTEM
HYDRAULIC HYDRAULIC
RESERVOIR HYDRAULIC RESERVOIR HYDRAULIC
POSITION (PCT) FLUID TEMP (°F)  POSITION (PCT)  FLUID TEMP (°F)
TEST NO START MIN MAX START END START MIN MAX  START END
PO37 - 086 6 65 70 9% 116 74 70 75 98 124
- 087 6 64 68 83 107 74 69 74 88 112
- 088 65 63 68 91 105 7 71 76 95 124
— 096 74 72 74 88 88 70 66 66 9 94
— 097 72 10 715 83 105 68 65 70 85 116
- 098 71 69 72 81 90 68 64 68 84 105
~ 099 71 69 73 77 92 68 65 69 81 115
— 100 70 69 74 82 110 7T 61 72 87 120
~ 101 70 68 72 85 102 69 66 72 9 124
- 102 69 67 72 73 102 70 66 72 77 110
~ 103 69 67 70 84 102 70 66 72 86 122
- 104 68 66 72 93 119 72 68 73 95 131
~ 105 68 66 71 86 112 70 67 72 87 119
- 106 67 66 69 85 102 n 66 72 85 120
- 107 70 68 73 72 92 69 65 70 73 103
- 108 66 65 70 87 109 70 67 72 9% 121
- 109 72 66 68 67 93 73 69 72 75 95
- 110 68 65 69 50 63 69 64 68 59 69
- 111 68 67 70 60 84 69 66 71 68 92
— 112 68 66 69 63 82 70 66 T 7 88
- 113 66 64 70 63 88 71 68 73 7 94
- 114 65 64 70 55 90 70 68 75 63 146
- 115 65 64 68 68 83 71 68 T 82 87
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TABLES

HYDRAULIC RESERVOIR POSITION AND TEMPERATURE (CONT. )

ROCK SYSTEM TILT SYSTEM
HYDRAULIC HYDRAULIC HYDRAULIC HYDRAULIC
RESERVOIR POSITION FLUID TEMP (°F) ge_s_gﬂ/_%%rl;gﬂm FLUID TEMP (°F)
{PCT)
TEST NO START MIN MAX  START END START MIN MAX  START END
P0O37— 116 70 67 13 a8 72 67 64 69 56 77
- 17 70 68 73 52 76 66 63 68 60 81
~ 118 70 68 713 55 79 65 62 67 63 85
- 119 69 67 67 54 54 72 69 77 62 95
- 120 71 69 74 62 88 68 66 71 70 93
121 70 69 74 53 74 67 64 69 65 85
— 122 70 68 73 57 82 70 68 73 64 85
- 123 71 70 715 67 91 70 68 713 74 98
— 124 70 68 73 52 77 69 66 71 60 81
- 131 73 72 76 58 73 74 N 75 72 83
~ 158 74 72 77 51 74 74 70 75 59 82
~ 159 76 75 80 75 99 74 7N 76 83 107
- 160 76 74 76 73 77 74 N 72 81 84
- 161 %6 75 77 78 81 74 N 72 84 g7
~ 162 75 73 80 61 9 73 70 70 69 70
- 163 75 73 78 56 80 72 68 713 65 88
— 164 % 74 718 62 17 72 69 73 69 81
- .55 74 713 77 51 66 7N 67 T 58 70
~ 166 75 74 78 61 85 71 68 73 68 90
~ 167 7% 75 719 76 92 73 70 74 83 95

& L TuRTEOT,




Conclusions

The Certification Test Program (V-2) was successfully completed in
accordance with SE-019-098-2H; SRB TVC overall system requirements.
The following milestones were completed and reported in detail in
the body of this report:

a. Total Number of Starts: 66

b. Hot Firing Time: System A (Rock) 9089.8 sec.
System B (Tilt) 9068.4 sec.

c. Spin Test Time: System A 12950.8 sec. (66 starts)
System B 12265.5 sec. (51 starts)

d. Demonstration of Some Level II Requirements:

Gimbal Angle + 4.7 deg

(1)
(2) Gimbal Rate 5 deg/sec {Nominal operating conditions)
3 deg/sec (Backup mode)

(3) Phase Lag in Frequency Response
(4) Step Commands of .2 deg.

e. Using the hydraulic servicer (577-016), various gimbal programs
proposed by KSC were conducted.

A number of other requirements were successfully completed and are enumerated
below:

a. Verification of ground servicing procedures using the hydraulic
and hydrazine carts, and Tube 0il servicer.

b. Operation of HPU ground test controller (C77-0204) and TVC
system instrumentation, command and cut-off circuitry.
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Conclusions (Continued)

c. Demonstration of all the APU speed modes under loaded
conditions (100, 110, 112 PCT  -bine speed).

d. Confirm the adequacy of hydraulic fluid and hydrazine
contamiantion levels.

e. The verification program helped develop a data base that
will prove invaluable in support of Thiokol's TVC tests and KSC's TVC
vystems operation.

f.  Checkout of MSFC-TVC hot firing van using prescribed
programs from the certification matrix.

g. Provide operational validity of TVC system redlines and
nominal operation bands.



APPENDIX

A

ACTUATOR

GIMBAL PROGRAMS
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APPENDIX

FUEL SUPPLY MODULE

TEMPERATURE AND PRESSURE






FUEL SUPPLY MODULE TEMPERATURE AND PRESSURE

ROCK SYSTEM TILT SYSTEM
FSm FSM FSM FSM
TEST NUMBER TEMPERATURE (°F) PRESSURE (PSIG) | TEMPERATURE (°F) PRESSURE (PSIG)
START END START  END
PO37 - 024 62 374 356 54 375 3569
- 025 63 373 323 68 375 319
- 026 79-80 376 289 77-78 375 288
- 062 89-90 376 360 86 375 360
—~ 066 88 374 366 - 374 348
~ 067 86 378 307 84 373 303
— 068 85-86 375 326 84 368 360
— 069 79-80 376 310 77-78 373 310
- 070 86 376 299 84 373 297
A 83 375 291 80 376 285
- 072 91 378 363 8688 376 278
- 074 82-83 379 292 80 374 291
- 075 87-88 379 303 8586 372 299
- 076 83 3an 284 81-82 370 297
- 077 87-88 378 310 84-85 378 309
- Q78 90 375 289 87-89 3n 295
- 079 79-80 377 345 76 376 368
— 080 84 373 359 L) 377 369
— 081 78-79 374 290 76 kYA 294
— 082 82 377 269 80 373 354
— 083 83 374 302 79-80 378 306
- 084 84-85 374 294 80-82 375 297
— 085 88 373 307 84-86 375 304
- 036 89-90 374 299 86-87 a73 296
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TABLE B-1

FUEL SUPPLY MODULE TEMPERATURE AND PRESSURE

ROCK SYSTEM TILT SYSTEM
FSM FSM FSM FSM
TEST NUMBER TEMPERATURE (°F) PRESSURE (PSIG) | TEMPERATURE (°F)  PRESSURE (PSIG)

START END START END

FO37 - 087 86 370 292 83-84 374 297
- 088 8728 369 313 85-—-87 373 286
- 096 88 356 342 87 357 339
- 097 83-84 351 276 8283 372 285
— 098 81 372 315 81 364 312
- 099 76 369 303 76 353 291
— 300 78 372 296 77 376 297
~ 101 85 375 304 8486 375 297
- 102 75 375 300 73-74 375 297
- 103 84 396 320 82-84 393 306
- 104 86 387 306 83-84 390 303
- 105 85-86 3¢3 312 83-84 387 303
- 106 81 387 315 80 g7 303
-~ 107 70 381 300 7 379 298
- 108 87 381 299 84-86 379 298
- 109 69-70 371 312 68 368 n
-110 57-58 380 311 56-57 377 311
-m 58 376 308 55-57 381 +08
- 112 61 378 312 57-68 377 310
-113 62—-63 384 303 60-61 383 302
-114 55 373 308 53-54 375 304
~115 5759 375 306 5657 373 311
116 50—52 384 302 46-48 380 300
- 117 52 376 299 49-50 374 298

32



TABLE B-1

FUEL SUPPLY MODULE TEMPERATURE AND PRESSURE

ROCK SYSTEM TILT SYSTEM
FSM FSM | FSM FSM

TEST NUMBER TEMPERATURE (°F) PRESSURE (PSIG) |TEMPERATURE (°F) PRESSURE (PSIG)
: START END START END
PO37 -118 53-55 378 300 51-—53- 378 301
-119 54-55 373 360 52-54 371 273

~ 120 62-63 376 296 59-61 372 294

- 121 57-£8 380 301 56-57 377 297

~122 57-£9 375 298 54-56 375 299

~123 67-€9 376 293 67 376 293

-124 54 374 292 52-53 377 297

- 131 54 365 297 50 359 292

— 158 49-50 376 292 47 372 294

- 159 74 372 294 71-73 3N 296

- 160 73 376 337 72 378 " 56

- 161 73 376 348 68 371 s

- 162 64 378 275 63 378 360

- 163 57-£8 377 298 56 369 291

- 164 6364 377 307 62 376 308

— 165 52-54 378 306 50 379 307

— 166 59 380 305 55 370 298

- 167 75 372 306 72-73 367 302







APPENDIX

OPERATION PARAMETERS

FOR SELECTED TESTS

85 A6 G nreTIONARLY BU:






TEST P037-077

8 .
' KR V(_ TRRTONAELY £

R






TEST Porl-o17

]

I

V‘Tr‘v’vrfl"‘
' 169

L]
»

Ty rrevry

20

G OCIMBAL PROGRAM

)
:\' : vé
&L -
- z
% | :
T 3
] :
S
[ +
., ;
: b (3]
e~ iy - ‘J'::% "
r-g L @
[
1 L
x
.
-
f :
a ? 3
- ¥
L
_ N - 2
!
S
¥
i ' | ‘ = F
[Tt Y Y e ey r-rrrn—wr-rrrrr-rﬁ-rw-rm-rrrrrrhﬂ-mvmﬂ-ﬂ
2 2 3 2 ; 8 °
4 Y W 3 s < S
v&'.‘ ti d vd e =y
(9154) 34 nssa¥d AldNS QMM O1T0VERAN W0y
A
<
auGINAL FRGE I 89

oF POOR QUALITY RAGE_ Y)Y INTBRRIORAELY i

FIGURE C-1



* 23 3UNOId

3 8 3Nl é
22 ] ort 623 [ [ o3 (3] ey (/- [ ]
A A A A 2 A & 8 ) 2 A A 0 A & & 4 A ¢ A 2 4 & 4 A 4 4 Aot A S A h A b." Aol 4 8 4 8 4 2 4 -’-thnnP-r.—-—‘-L—‘u-
I
4 [
- .
>
r
-2~
L
JAN an
J L
<§T- i, [ 1
C
.2
!
s
[
r
L
1
3
mw
— E ;Ww

WWYE90Yd WEWI9 §
LLO-1G08 153L

) NoNLISO4 NO1SId WILVDLOY  W0Y



w W oW VS Veld

23 B B Y
o1 ”»1 ot ¢ e3 9 L o2 ]

A A A AL A LA LS A A AL 2 a a2 3 aaaaldsaiaaasaa sl ap b bt tdbdded i bbb b AL b LA LS A AAR LA

L

TrTyvrrrryry

rrysrvrrey

"o

91

(20 it oo 20 20 S0 20 28 1ot o o 20 ARANE Bn 0 o8 20 ¢ rrTTTYYTYY

&

P LY el s

Ll gl

| L0200 S S 2 S an A 40 S0l 00 N 1 2 md muiat g

WY¥904d WawI) o
LLO-IS04 153)

(915d) 3UNSSIV4 MoT QINJINYW  QIATA NIOVEAAH

)



L 2 44/

bdod b A A

-4 o1

Adh bd A ddo b A

233
] : 29

Addod Al A A 2 2 8 2.0 A b A )

Ad Adb A bbb

-2 34NOI4

2 M1l

or

e s

adddsaaastonsaa s oy

AbAD L AL A A

f

YT ry

AN AN S J

Aounh SHAN SERS SENES SnS D SN sam |

/

T Yy raTTTT

WYHS0Hd WBWI9 o
Lio-18vd 1S3)

Lip

no0y

(or5.4) 3WMS3Bd  wycow Avdns N3nd

92



§—0 34NOI4

23S I vl
L]
L 1] -, 4] 2t - 1 o3 e or e2 ?
IRV ENONTE FUTPOPEORRNODPEEE W WE Aod bbb A Ab b AR 0 A A A AL A A B 0 0 L 8 2 AL A ALALS L AAALAL AL

]

rrrTrTYrrYs

rrvYYYrry

*04

1Y TYTYY Y Ty ey

TrYrryYyrrr

P
b,
tvf{]’Y'YTvavi

¥Scd
WYB9084 IVBaWIH ©
LLo-L%04 1531

93

(915d) TUrsSI¥A  WicAWISIE QI IFINVHQAR



¥ 3

9—0 3"NOId

(>3s) WL
htd o o d AZ o2 oh M 3 ss
I
b
- 09
&l
(a3507> IMWVA 5s3ye3a) |
Nwy [
A b
o
¥ s
b
>

WV Wewi9 ©
L10-1G04 J1s3)

SrVYgGAR oy

YeoABISIY

NoILISOd

(DJ )



£-J 3UNODI4

238 3 NI
2 ] o 2t ot e3 c9 o *2 ®
A 4 2 A 2 4 4 & 4 2 £ A 4 B 4 4 4 P 2 4 8 2 A 4 4 2 & 2 LA L L 4 4 A ) A 2 4 8 4 4 1 4 AL A A A 2 2 4 4 hbhb-brh-;—.----n"ﬂ
‘ b
E
F
-
62
3
o
o
<
- 02
1
r
ﬁ - — QF
-
— 85
| F
; a
. s
r ’.w
e
RIS RREARELIY WY P AL STl Wrin LR e | L
S YL PR T..w«!.o..v\._o; _1‘ CReRIES s ...Tw.ﬁ.?‘ﬁ%. A_ gl F Y -E
R ,5..s‘ww.q..._.~ ” %8
ﬂ;\; w.:k_;w ! q#/ ”
- -
s a’zads -
o Q3348 { ¢
! ) 2waddag ON o
_aw35434_TH es
€3

WYHA0Yd Yaw) o
LL0-2509 1831

>0}

0av

OF POOR ouiagrev

ORIGINAL PAGE Is,

ANIBYNL

(Wdu-n) Q33ds



80 34NOId

23s t VRS S
-2 o: .mu Su 8. 3 3 2 .

a2 8 sassaalaasassssalasasnsasalisaidd it bt AAddiidd tddddd ALl AALAAALALR ) ALLDLL R AL

rrYrYYyYyv Yy

T Ty

TrrTYyrrvey

L L DL A B

LARAr SN SELAR S 2 )

rrTrTTYY

wWYHOOla TYBWIS ©
LLO-LS0d 1531

N0

(4 93q) Jucivedewdl o 3IAM



6—J IUNTII

23 ¢ - B Y S
L3 1 »t o2t L e3 * 93 or 02 ¢
Anddadedd Dbk i dh i bl A0 04 2. 8 2 A 2 & A A J. LA A A b A AL b o W dod - Lh A AL A A A Ad A L A A& FI I W W o
-
!
>
s
—~ €5
L
[
: 1
_t
\ ”
Mom.
TU!-\\\\\ , ﬁosm
-
- 052
m?ﬂm

By BYETY
wvyooud Ivawe 9
LLO-1g04 1S3L

w0y

WALy BaWAL  NINS 0 39AT
97

(4 230)



0L—D 36NV

23s 38T
oSt 1 sar cot €3 - e3 e 0 o
bk bk bbb b At bbbl aoasrdadrartra o a2 s s at a2 8 A AL A A NS DAL AAAL S o st 0 Al s ag 22, “
“ |
: 5
1
— onI
_ W
\ ~
\ { m
- b
—t- 053
\\ .W
e W.Sm
Wﬁ
: L ogoe

33
WY N4 VWIS ©
LLO -L%9d iS3L

(2 ©3a) 3Ivalvazewsy 10 3807 LU
'8



LL—D 3UNDId

238 281
"t (214} (‘=] [ M e3 o9 ¢ L -4 e
Adedod A L A A A A A A A A A A A A A A A A LS AA L 2 8 2 A A A A A A AL D A L A A A 4 FOWE N W N Add L 4 A A& L & A A At A A A A
s
o
b
-
-
L
-
-
-
>
B e -
\4 -
\\ r
\\ o
. "
\ o
V\.ﬁt [
\“ m
L
>
ul\v\x -
o >
L
1
o
-
8
o
1
L
\

WY399¥4 IvawIe ©
L10-1804 AS3L

¥TXE3L

o5t

ee2

Qg2

NIWS  n0 3809 Lnb

(4 o39) JUNLVNIAWEL



Z1—0 34NOId

2326€ BRSO §
o5t ot 21 e3s €3 ° o &> ¢ °
tasaas aasassaaasssas s as adarn sasassas et s s as s asdasaassagalas s aasaaslasasassa °
_x o
ot
_ -1t
] \\l- . ﬁ
- 052
\\ -
-ty
. , O ﬁ
I\.l,\ T
nl.ll\.l -
- s -
— -~ -~ s ~ -
- s
b
-
es5L
4 |
\ !
Lo avor
||I\\\\\
052t

L.
ey rTerrTTYYTTY

dvi3) ISnYHY3 INDBER. s el e

dWIL  YOLwWINE) SYO

wYBooud YBwie)
LLe-teod 1S3

(@ 9230) 3YALVEI4WIL LSOVHXZ INIB¥aL ONY  BOLV¥INID SVO ndy oY

100



€1—0 34NOId

228 314
€31 [, 44 33 oot €3 &2 ¢ )
r‘bh--b E-rh A A A A A 0 AL A s A A A 2 A R 42 AN LA LA AL I L . Y s o A LA AL D Ad A A A L AR A ‘
[
g
.
e L
.oso'n‘ﬁc g
A [
- LYW W Qplw
can,” s
s\to -
. ) SR H
e rc:.s-s -
reron,, --al- -
—rey Lt b [
esfen, . i -
. o '...|-o-u..Jt...4'n - o
—rv adie 8es
o
-
-
F
_ L
t + 0s2
X
-
>
b
\ - 6223
r'\"\.‘\J T
[
b
-
T
1 es2t
.
L
9
-
o
€351

AWl ISOVHNE INIPYNL ~——ere-
aw3s Wolvhinae Syo

‘AYAO0U4 IVAWID &
LLO-Lg0d 1S3y

101

(2 930) BuniveBawdl 1MVMX3 ANE¥AL ANV HOLYWENED SV NdY 1ML



e9t

#L—0 34NOIL

318 f I T g §
ort e231 R.: o.» 9 4 ¢2 o
Add A A b 2 o A A A A A B AL -bhb??-.ﬁE_;Fh—bhhbtbLb{ Acdecd b b A A2 & ttde i e dd »r»v.rklrlrtwrc
. _ _3W
r
- T == 0es
| 't
w T
- *2.3
r
£
m EA —-— —W 205
|8
: w.o..&m
i

.

~
(%]

I b \(Ll g _Cﬂ. LV e T

v

'

TV T T e T T
B
1
N

S
h

*d

\wyieodd WawI9 o
LLO-L994 1933

(915¢) 3yNTIIMG A QINTd DINVEAAN LML

DF POOR QuALny

DR'G!NAL PAGE IS

102



S1L—0 34NOId

2 %8 3 LUl s
a3 e 02t cat 3 n,_w (+: 4 e2 -]
j J [
[
;
3
i
-
|
-
L r
~ 1
f 1
JAY ) - n 5
~ -
/\ rij i :
-
-
-
1
3
b
¥
) r
r
T
. :

WYYH0Ns TYSw, ©

220-)1504 1S3L

(V)

NOILISOs NOISId WOLVNLOY LNL

(N1

103



L =19 ol

A S AR AAD S

91—0 3°4NOI4

238
L 44 01 es:

2 22 22 2 o sa s a b sl A A b A Al Al b X AANAL AL

24 5 ¢
29 or

ekl b d Lol b A

A d oA d A 8 4

B o

L%%f{ai

m

M

2010 ek vt o Bt Sl R o ot e e i 8 1o

e

- ¢

9%

5

p-

-

S

3

- ¢2

[

3

o
e
es5

N

q@w

-

[

N

EN

wydeoys lvawio 9
LLO =L%9d4 153.L

(o150) 3ynss3ua Mo TwaNww QINT3 IIAVNGAH  JTNL

104



L1—J 34UNOId

T 38 IR ST
1 ot 3 3 {14 ec ¢
R*M'Ibb[.ysm{bbr»b\.‘bba.bpbbb.hn 2 A A A2 A S A A 1 2 A 4 A A s bt ) AA A A LS L A AN A A LA L 2 A A AL S L.AL %‘N
|
L
052
j
[
s
3
L
9
(+].]
I’I’-‘ I
’j] s
7]'1/4 L
fown
AL L
b
“ /Y
b
eer

24
wyuooys vewr9 5

LLo-1208 1S3)

(sva) 35n33Nd  3TINTOW Addng 303 1L
105



”©t ot

A AALAD LD LD

Ak b A AAd D

AL AL S LA NS

<t e91

Ad bbb Al Al

8L—0 34NOI4
2138 3

e2 €9

bededed Aol LA

LIS S §

Addd b A S AL

24

LA A AL B A AL

@2

Aohdeh b s R I A

- rrrv'**[ﬁr'-—r‘ﬁv YTryrryYrryoevy

L as s

e

"’Y'T'T‘ﬁ"l’!‘h‘fff?ﬂ‘ﬁ"’?""m‘f‘rri"r' YYryYrrrry

€:ld

WYH9H0Y4 vawie) ©
L10-LS0%d 1S3y

(A
-t

b

o
)

L1 4

€5

e9

(91567 JWASS3¥A  WIOAWISIW  D1OYNAAW  LTL

106



61—0 3HNOI4

(>3s) 3w
oy on ozt ] o8 oy Oh og ° o
L
9
ﬁ o9
- 59
L
I
(Q3s07> 3NIVA  553Ud3Q) A
X L
-
— SL
xyw <7 f
L o8

WY390¥3 vewlie) ©
T LLO-L%9d 1S3L

VIOANISIY SIINVHAAH 1L

(124) NOLLISO4

107



0Z—J 3HNOH

2938 . I S §

! (- 4 =t et (4] 1) er ne [ ]
A A A A A S A AL a2 8 a & 4 5 3 A s a4 b A 8 A & 4 2 2 2 A A 4 A A4 elrond o nd o Ao et o e eed ol Ak A 8 AL b A A AL W Iy s
3

X

i

L

L

L

-

L

-

2

[

.

-

o - -

—

L

o e [
h

r

-

L

L

5

=

L LA

Wyuooyd TWeWID ©
LLO-Le0d 1s3L

(2 930) WALYBIOWIL QINT3 TOWESAM LA
108



L1Z—0 3HNDIA

233 R ISP
51 e ezt {3 ez 9 (3 4 e2 ]
A A AL L LA A B 2 2 A A A A2 2.3 1. A A A 4 0 4 Al LA A A LS A AL 2 1 A 2 A 4 A A Al FISEY W N Al L A A LR AL .b\hﬁ\bh\li-w.ﬂ
- &2
o
s
o
L
[
[ et
r
o
- o
9
s
r
8
™~ mm
3
9
-
3
9
e9
L
r
[
b
- 92
priird N R IR T ST I o7 m.rﬂcﬁ.:m,.....ﬁ: BTN L M W, PO m
ey AN TSRyl S E RT3 B AL D T e banit Sl T g by
x.wr... VIV 30 N e e I TR Ty 6 B vk g NALICAR RO AR i
' [
! Y RIery Y d [ 7]
-.W..a.m y n..!._.n,.mw..ﬁ,aﬁ !
..\...._‘. .
Qanes | q3a49 ”
ANaINId TN | j_ANo¥ad ol . o8
2

WYYOHoud WBWIH ©
LtL0-L303 1531

qazds INBUnL Ny Il

109

oy =)






TEST P037-111

R _J/ L INDMRIOomsELy pug; »

m






160

E L o
I
:
o
-0
= 2
£
<
-4
9
_2 _
= Ta
~
P Y
6 £ g ,
3 : i\
w9 b w
\n 3 [+ 4
s ® S w 2
v 3.3
b -
:
g o
‘g -2
I ‘ [
g f
TITY Y VP Y FPYT PP FY TY Y1 3T v ¥ ¥F 5T T Yy 71T Yy v A BB AR Ty vrTeyvey TTYTIT Yy eCon Y o
®
o
: & ¢ 1 & & %
(@154) 3wassasd A0S QN DVIAVEAAR 0oy
"3 7~ INTERTIONAELY BL&™
ORIGINAL PAGE IS L

OF POOR QUALMTY



€20 3HNO

293¢ T w2
. _ ‘ o 02 N ]
3“ ..'ﬂ N -‘mﬂ.r-hP-Prswhbh-p-Paubx-vhwi,-heﬂ.Ph-rhhh A AL A A D 2 A & A b b d AR Y
-
[
!
-
3
o
=
[
A i

v
[}

fr

114

T yrrrryyrrreYTrYyryryrrororrzy

Vdde

WYPHoHd MBWIE 4N
h=-29¢4 1531L

Q‘") NOILISOd  NOolSid  YOLYNLIY  NIOH



¥Z-0 34NOI

238 Juzr

9t WERS &2t [ [ 24 o8 L 1 | 14 2 °
et ddd i A PRI DTN DPUTUUTDTTT PP eT Tl BTTTTTITr T TT Tl FTT U U TwrT
, [
9

s

-

-

- |

-

b

o

>

-

T

9

-

[

L

S

s

-

V

S

S

o

-

-

-

-

s

9

L

-

o

-

S

s

W

-

S

-

!

-

5

S

5

1d7

WooRd  VAWIG 4N
\11-189d 1S3y

05

o9

oL

NV HAAY oY

QiodiNyw  QIfTd

(o154 ) 3unssSaud  MOT

115



SZ—J 3HNL .

938 k IR G 8
91 ort [ 41 001 o8 *9 o> 02 ']
a2 a o 2 A 8 2 & 8 A A 4 a2 2.8 A A A 4 A& 4 4 a4 o o & & & a a a2 2 a2 2 2 2 2 1 2 2 2 4 & & 4 A 4 2 A 8 2 4 & o 8 & .8
PSP .
<
S
-
o
-
[ 21
[
[
[
<
4
u
o
2€
A'l’l C
/ ”
e s
- OEE
C
[
-
[
r
C
[ orE
/ [
<
/ F
’ [
-
o
-
@S€
1 -
[
L
-
-
nomn
N [
. [
[
b
[
[L3X
r
/v
[
o
L
<
L
<
08¢
Sd

WYHOOH¥E VBWIO 4N
ni-(ged 41s3iy

A70QOW  Addns Mand  WI0Y

116

3uns53¥4

(©1s4)



bbbbbbbb

o2t

bbb a a4 4

a2 s 2 4 4 4 A A

L)

2 a8 g b Aehedol

by

9Z—0 3HNOI4
9 3S

oA A A Ad A

A w4
o9

a2 A A & 4

o>

W

Al A A o & 5 A 4

o2 ®

s a o B A A A Bod

/

TrYVYYr iy vy vy vy

TTyVvryeraoy

LR AR S0 0 SELAR B 20 8

A I B I A g B §

i 25 S S0 an 2 on 28 S 41 4 S BB 20 S0 AN S AR A0 J

wWysnoeua WBWIO N
W -Lked  Js3)

veZd

ot

or

oS

NYON

QN DVINVNAAH

YIOAY3ISTY

(9154)  38ass3vd



MWW WDWYWe FWwwww wararwt

£2—3 3¥NOII

[ I 2

(T3 ; o

2 4 8 A & 4 & & 4

Sad A d A A A & 4

WP W W W

L I S
o

A 8 4 2 2 4 0 8 4 g b A g bbb A

L0 AN B S DA ML S SN 0N SR AL SEL N SL R S0 BN

rfvrrryrrMyrrrmMmrTryyr79TrmrT™ry

wyy90u4 VY

awIo o N

-804 41s31

[ 2]

TN eTTrTeY
rr

| 18

MOVBGAH W0y

Q4

118

(3 930) 3WMVEIWAL



82—0 34NO4

WYBO0ud WewWI) N
W1 -4804 4534

(3% 3wiL
0o ° on ot o
o o ot o 8 b n 4 S5
:
| 09
!
(33501 INIVA $528d3Q) - 59
Z—S/ -
\\\\\\\\\'fllﬁ
L oL
\4 L
T
- SL
ﬁ 00

20vNaAH ooy

NOI111SOd WIOANISAY

(1309

19



62—0 34NOHS

038 L I I G 3
99t ort o2t Qo o8 ¢9 [ 14 [ 4 [ ]
FU e U v 4 2 4 & & & & A A A & A A & A A A A & A 2 A A & A A 4 a2 A A A A £ 4 & & 8 4 42 A & 4 2 4 2 A A 8 A 4 A & 4
[
-
-
i
b
-
-
&
8
-
-
=
-
-
-
A _. H £ b
} i
) 7 :
[
Q3845 Qs -
ANTN34 o ANENIE OU

WYYO0Yd VBWIS) N
111 = Leod 1s3l

o2

or

Qs

09

oL

-3:3

06

o

0

hav

4334  3INBUNY

(Weu-2)

120



ey

bbbbbbbbb AW W WY

. 23'¢s : MR 3 S
oo’ o

. .
A A 8 2 4 & 4 4 4 Aded

0£-J 3¥NOI4

09

o (3

e e e e Ce . P
T WYDE FWUW NN UYE P OO WW W) 2 2'aa" 2’ a A 4 4

f

!
__

{
i

T T 9§y s Ve’

T ¥V VYT T TNy

LR BRI AR AR AR

ry vy rryoey

T Yy rvYevmy 1o

WYuooyd Vewd) N
r=lgod4 1S3l

oe2

os52

"0y

3807

o

UNIVYYIAWIL

2 9139)

21



LE-D 3HNOIL

238 Juwz.
09t orl a2t 203 es o9 o o2 e
A4 4 4 & 4 & & @& 4 a & & a A & & A A4 A A A 4 A& & A A A A & 4 & 4 4 A A A A _A&_4A A A& 4 e A A 2 A & 4 4 A A A A 8 & A 4 4 4 A A & & 4 A &
T
-
s
b
s
s
5
.
-
S
9
d <
s
X
|
2
L
l'\.\\l\ 8
|
S
o
s
.
s
5
s
— o
L
L
L
o
<
3
L
A

wwisodd IVBWIO o N
11-180d JS3L

XNwwslL

(-

3N Mooy

<o

IPALYYIAWIL NS

(1 939

122



ZE-J 3"UN9OId

38 b I S 3

ol 21 [ 1 )] » » o2 (]
......... PP ErTErS DI I I W e e T PTPTTTOUTIY PUUTTOOTTH FWTUTwTT
S
“ o
i s

.
9
L
L
¢ -
s
L
-
ﬁ.
s
T
r
s
o
b
-
-
.
5
L
\\ [
|
L
L
\\ \
L
L
\\ '
L
L
S
. 4
L
L
L
L
3
L
L

WYHOOud TYBWID oN
\\1=Lgod 1sS3L

"

ese

4l

Iunlvyagwayr o 38Ny

(3 o30)

123



bbbbb

ort

A e o bbb

e2t

eddad odnadndbands

001

a2 a4 4 bbbd

9

bbbk od o A a4

€£—0 34HNOI4

$ 3 411
@9

dndhbeadnd

ey

Add b

bkt enbadead adhands

o2

et becbddnd .

L G BEA ML NN BED AN SN

2

rrryrrryryrovry

-

Y rrrrry

rYrrrrryrvry

rvrryerrory

WYYO0HA TVBWIO) wN
Vi1-L%09d4 1s3L

xXNvEss

s

8o«

002

052 .

41,0

Junivyigwal NiXs Mo 38mM

@ 9239)

124



160

Lan gn an o an an o an g

rAS (ENERATOR TEMP

140

T

ce wn s TURBINE EAHAUST TEMP

120

LD 2D an an 20 £

e

100

vryYyvryvrory

N¥ GIMBAL PROGRAM

TEST Po3T-I1il

L2 n a0 (AR SN A% An En on au g &

L 20 2n o 4

v

40

LIBL 20 o8 2B AN gn on g o

(]
(3 930) 3JuniVY¥IGWIL ISOVAXYI  3INIBUNL  ngY ooA

[ ]
N
.
*\
] -
Ty Vyrovvywvor7wy AL AL L R A T rvvivyorvyvy Ty vy vy v uTmy T'T::rh'.
® o
: g :
(2 93q) 3IWAUVHIAWEL VoLvAINED SV AV Mooy
vavv'TTrvT—f'vv[v‘vvtwv'val-vvrrwvv-I
®
S g

FIGURE C-34

TinE



GE—J 3UNOIL

238 3812
091 ort e2t oot es o9 oy o2 [
A L A A A 4 A & 4 A8 A & & A A & A A S A A A 4 & o A A A A bl P WA WY s 2 A A 4 & A 4 L A A A A8 2 2 4 42 2 AR A A A A £ 4 4
s
- -
t L
t.r
LN N o
[ BN 3
[
e b
l.'\ ¢ o

—d
1
L
~r’ '
-7 1 1
o’ N -
»' it r
o= e’ . -
et v b
..nn&.\t [
...o...\i s
s L
l\:ot.l...l'\:. u "
' -
. I
: . -
‘.v\ ﬁ -
L] . o
.. ’
\ln\lt}... .}.:)n. ~ m !
L3 ALY “ ’ g
7Ny --l.- ' | -
’
" ,e ] -
(S 1
L
m [
N
. F
N S
1
o b
\\\\\\l [ S
A
= E S
4
[ S
{ ¥
v b
..\l\.\l"l\.“ll 1 &
‘\‘-\l . f
[ §
'
E

AWl ISMIRXI NGB —eeeme-
dwll YolwyINie) SV9

WYHO0Hd WBWID oM
W\ -1%04 J1S3)

09"
eut
3
q
>
g
<
ee9
(N
>
w

4
D
w0

3
>
(2 o30) FUOLYE3IWIL VOLVHINIO

oeo!

ga2

INGunL LMy

[ 4
3
©w

(3 939) MWIVYIAWIL  1SnvHy3

>4
<
[

(V'r"YVTY[TY_Y'f“"7'71"71"7‘1“117"'71‘l_

@00t

126



9€-J 3HNOI4

23s aNT L
091 ort o2t o0t o8 09 o e °
A s A 4 & & a A& a8 A A & B A& Q& 4 A A A A 8 A A 4 & a A a a8 A & A A & a a_a a A A & & 4 A A 4 o 2 a2 a a2 2 K a2 & & & & A 8 4 & bb.t..'bw.
] \n
Il
o
-
[ 0001
N S
o
/ ﬂ
L
~ -
[ o0st
L
-
-
[ eoa2
I
[
r
[
0052
[
_ ”
4 | - eeot
s
L 005¢

rd

WYEOosd WeWIS g N
\it-2eCq  1S3L

unssays  Ald0s  Qind DIINVYTAH 1L
127

(o154)



LE—0 3HNOY
238 I NI
ory ezt o0t e8 e9 or o2

oAb A b h b A h b A A A & A b A LA S A A A A L Al A S A A A AL Akoh bl Bd

2 a a2 aaaal saaanan st alad bbb it b Al

oo ey vy

doLw Loy XUy

NOLSI4

128

(N Nolisoq

LA S NER S B SR M SN §

fddv

WYASEA THBWID N
Ui~/804 1S3\

LA il NAh SU SN o San o




Aol A A A & & o

bbbbb

lllllllll

8€-0 3UNOIS

238
o8

bAoA A A 2 4 4

3 Ml
o9

P OW W W Wyt

Al A A A A 4 2

Feww

rTrvrrrrvyrrryvyyyyvyrpvrrvyyvrey

vrrvyyYryrrrrryrrerryyrryyrrryrryrryrrrryrryyryyryyrryYryry

9d

WYHo0oHd “TVBWIO N
W-2%804 1S3y

( 214

OEeE

0LE

08¢

(o15) 3wnsS3vs  FMAow  MagnS 303 Iy

129



6€—2 3HNOHII
238 kIR 31

091 ort o2t ool o8 9 14 2 ®

-blbxpxilitbr s A A & & & A A A& DPt.FF-b—P.PDrDF\P’P A A A A A A 4 4 & A & 4 A a2 A A A 4 A S & A & 4 & & A A A A4 A 4 4 A 9
? -
[

J

-
-
o
-
4
|
[
1t
%rll 7
j\{L ,(r.é( _b 1 i [

8320

WYIO0Yd TVBWID) 4 N
\W1-L€0d 1531

ot

o2

oS

¥

MuQAW L)

J0SSIHA  VIOAUIASIN

(9154

130



"1

ot—O 34NOId

3 ¥ 14

-

WY¥O0Hd “WEWI) N

i 1t -Leod 1S3y

1

238
(A} [ -39 [ 2} [ 7] 9 o [ -] ®
a A A A & A A A A A & A A 3 & A 2 A 2 A & A A & A A & 2 A A 4 42 A A A 4 4 4 4 4 4 A & & & 2 A 8 4 A A A A A .’tLbPPVP 2 A 2 A A A 4 4 A
: |
A -
' 2
: 2
. [
[
-
.
.
] [
.8 \ 'y
Q b
T
S
,. [
[
! -
: o
-
I
. .
1
[
| g
S
ﬁ
e :
g
1
,
,
.
[ 73

oR

o0t

(2 930) FunavWIawW3IL QI3 DVWBGAH L )

131



Avw

t¥ -0 3HUNOI4

38) IWIL

o2 om oh o 0% °? al " ° e
- 09

(Q3s07d 3INWVA  S53943Q) :
NIW, Leg

3

Y
- oL

A !
b WP
-08

Wyyaodd TYBWISD N
Y-180a 453l

BRIl

219N Y8 AAH

NolLI“od  YI0AYISIY

(o4 )

132



PO W W v

[ [ 3

A A A A A 44 4 4

2t

A e A A 2 A A S d

"t

AA A 4 A A 4 4 &

Zv—0 3YNOId

239
o8

e wTwowewwwY

L B I

A 4 2 A & & b bed

o

A A A A A A & 4 A

4 A A 4 & L & 4 &

TYvyYeVYVYVY

Tryrrryryy

rfyrrrryy

YYrTrYYrTry

YYyvryyrry

T YT Y T Y rTTTY Y YT

WYHaOHd TVEWIO N
,,u \\-£g0d 153L

L

[ 14

08

Q33d4$ 3NKWL nNaY LW

(wan-n?

133






TEST P037-153

138 RIGE |4 INTRRTIONMRRY BiAtT






€r—0 3¥NOId

238 v i
89 ol on L 1 " (1] L4 ” ¢
b dn oo diuvti heedon - o Soehadead FO 0 GO N A a A dod b b il wibarirude v rabndin ot & YW O W W W OV W ED W U GNP W | FUR W W YRS W P G il . .
,
b
.
,
,
o
b
.
,
- st
,
,
v
:
-1 f o851
:
.
:
v
1 [
| e o
s
:
,
,
-
:
.
- 0052
.
,
:
.
W.
-
§—1- ovec
,
9
M ke :
.
,
[ L 214

WyHooHg

vawie qQ

8H! ~L%od 1S3y

"0y

QINd  MINYBAAN

Agans

INnSSIU4

(2158)

137

pxg | 0L TRTRRTIORMELY B



belfl.fr.r.rl:v FWWIFWE S

-0 3HNOIS
238 a1l

Al od edbdidnsdendhoade Aded o bnd Al bk b ddodd b d,

{1

dddo b b bd A

bt hdndnd

b ZED Sun S0e cum Sub SRR S ERD 4

—;
—

rvYryrTryro oy

TyrTrryrrryrryy

Tl Y

Y

rryrryruvy

WVY¥OONd TIVew® g
@%1~1¢04 J1S3L

NOLSI4  WOLVNIOY MIGY

N011150d

o

138



Sv—J 34NOH
23 2l
[ )] ol o 00! o 9 oy

Py Sentradhundonds P AP G W U § 2 bdd b dd o A a A g 4 4 d Sondhmedhnhepdmadhasthudipd bendddhmdamdusdedabrad et atmbbaadrmdhadrdad

P W W W

Ty

) A (o S SRS Auts San S SENL SNE GRu SN SR SR

Ty rrryryrryr1y

ffiJyrrvY™rry

ry ey

wyyeous vawi® Q
89 -Leod 1s53)L

1}

(9154) 3uns53W8 MY

"oy

QI03INVW Q1074 OVINYHAAR

139



9v—0 3HUNOI4

33 9 1814
o9 ”"i o221 ol [ { 1] 1 | 4 ®
Al 4 A& A & 4 A A & 4 4 & & A 4 A4 U Sy G Y W ¥ Y S T WY B W e . A A2 A 2 4 & & A ad 4 A 4 4 yo v Sradindh e adendendid A4 A 4 4 a4 & 4 8~
L
|
.
l‘JIJIr’ v
2 !
. -+ oec
rlfll, b
8
L
-
I'flflfy’ ﬁ
7
e2C
i -
’ [
s
.
3
JJII.‘f./..’ s

JJJ - ,ovn

HEl e &

TrrTy

7

rTrTyyrY Yy ™

[
3

L
LY

WYeHonda Wewie g
8s1-120d4 JS3IL

140

(91547 3Wnssawa  Andow AidnS 303 A0y



Ly—2 5driodd
23 58 3 Wl
*9 ol (1] 81 " L 4] L a2 *

e e RPN DU W W W GG S e [V%Itisitnﬁlrt L R N T I
i

~ I | !

'
'
] {
H

~—

. —_—— - e g dmap——— p—— = = s

B et £ 4 )

- ——

- ——

_ g amaveyH A A A g x_i _, ?5..; o ,?m

- — - ! PO J S

g._- —

o 0% YBwWIg Q
Boo-fera Ty

S

nay

NIWHAKH

S — - e P Y 3

41073

141

S¥5534a BIOAYESIY

-r_‘.)

’

AN



xXvw

Oh)

8v—2 34NOI4
(035> 3wl

00l o8 09 Ok or

A A ' A L

(Q2507> INWA  S53¥43Q)
Z_Z/

WYNS oHg IWewie Q
8 st-le0d 1S3l

belplel. |

DAINVUQAH

(wd 9 NOILISOd ¥IOAWISIY

142



6v—0 3HUNDII

238 B u 1l
91 o} 21 o (] 4] o [} ®
" A A A s A o e 2 s bk A A 4 4 s o2 a2 s a 222 b a4 2 4 4l P W U W't Loa s s s 4 Aa }Fufb»LIL.J Lﬁlqw
WA W
T *
] [ ;]
g
|
b
o
L\\ -
- r "
1 [
_ ﬁ»»L -
ﬁl
I
[
-
o8
S
8
T
-
-
[ .}
[
-
3
[

WY2o0H4 VewWIO q
86t ~/Cod 1S3y

"oy

(4 930) 32¥NLYEIAWAL QI D1nvy ohH

143



05— 3HNOI4

- I | S 81
[ 2 24 [ 2] [ 44 »»»»»:NTPL>>>P...»*P>>r».»8»....».n*.'»l??k-?»»L.N»».P»n»»».
F
:
JerH b __ui__i.i%%,hu__. .,_.a_... _«;h_.%:‘___e L{_p # b h...?:&%ﬁ_ :,;f_ e sl s ? :

WY¥904q “Wwewle q

851

-1%9d 1S53L

ey oy

Q334% NIgsnL

(Way-n)

144



t5—D IUNOII

(AN I Nl
[ 211 (.4} 2y 201 s [ ] L 1 [ 4 [ ]
2 s A 4 & 4 2 4 o A o o 4 4 & & & 5 4 PR W I G U WY & PG UG W W Sy Y . e bbb b Aondhbandduabunim i et et dhod g dhend Dodd rethund k. .

L

"

}

9

S
p~ - -08

\"“Y

\\l‘\n\. b

L

S

-

9

5

|
001

T\\.\1 o

‘

-

s

-

-

o

9

-

\\\ f
[ 11

9

-

9

L

=

\\\1\ [
[ [

L

L

8

b

S

5

S

.

S
s

wWYy9edd Wawis Q

¥sI-1€94 1S3

~e

ooy

me 38N

(2 930) 3wnvuzwmy

145



Bl o dnd dedimdantinndie

€5—3 3UNOI4
238 21
£ ] 9

Andadhondemdndumabm WO WW Ly et bbb

\).\t

M A A Al SR A S |

L AIEn aut S G st e

rvrrryrer—r

L2 En AR Sunt SEN Sai Aumn N §

WYYG0Hd IYewIO g
8S!-L¢od 1S3

*
(7]

L )]

053

’se

N0y

J¥NLY¥IIWIYL.  Niss 10 I8N0

(a 930)

146



£S5—0 2d4NDIY

S 36s 3 1 3
vor [ /4] t [ "1 Ll 0. L (Y]
FP»-PP\P»»PrrPPPDLLb 2 o 2 a2 a2 4 4 2 1 & 4 A 4 behoidbonidends. Y B Y S W G Y Sy Y L?I’tbrtbhpﬂlv\”bpibt bbb
v
»
L .. — ——
——
\.\\‘in
¥ ad
:\.1.
o

147

(2 93a) 3ynivwaswar Mo 39T vy

>

L B o

WY gye WEwe Q
8sSI-1€03 1531



¥5—0 3HNOI

23 8 3 M3 3
[ -1} [ 14} 21 o 8 9 or { I} [ ]
Aendhe U Y G U WY Y e e & 4 4 4 A A 4 & 4 A A & & & A & & L A4 A A A & A 4 & A 2 4 4 & 4 3 4 3 2 A A A A & A 4 A A4 & & 4 4 4 A &
[
s
i
L
s
L
i
L
-

g
:
3
s
8
s
K

[~ v’
i
L
i
v)\ll\l\ll [
X
s
" ﬁ
) .‘b\’\l‘ i
L
|
L
|.\}\\l\.\f\2 8
!
i
J—
1
A
:
s
L
L
!
i

WYES08s TYRWID §
8S1~1904 1S3

001

951

AWMNYIAWIL NS MO 3B Ay

@ 939)

148



S3—2 34N9i4

D

Ayw

eer

g

I B I T}

[ 1) ot ot oot L " ” L 2 ]
PO ODE DUOWOWUY DU PUTTUO OO PO DTWOWE WP UW DUW ddddcbdhitbadnd ol e, At bkt b dmdhin

!

B |
w W
' /1
] .L‘..
B

ek et BB L -

/ot
i H
i -
. r
/
I and N4 T
\\\ \ T
\(\'\ [
~ f
- C
-~ \(\\D\I\ W
v
.W

Y

REED S50 S SO0 Sun G Ant m J

x«T\l

|

oW3l  ASnVYNR3

dWIL WULYYINIG SYO

PR e e

WVY¥90s4 “vewin Q
gsi-igog JS3L

o2t

(3 ©30) Jnivsaawz) LSOVHRI aNIBENL ANV YOLVNINI9 SYO 0gdy Mooy

149



95—0 34NOII

338 341 3

" [ [ 24 [ 1) (] )¢ (1] ] [ 14 2 ®
s
\ H
r
- -
- 1
A i
e \w
< -

Lo
- 2.\\ ﬁ
. ~ -
b -
b-(.’\. I
, .\.v\. "
.o o
N r
W i
\ -
- L
t}' ! + " -
;.;“.?.\ r)l.‘- o “» - [
8‘!!\ 3
j
|
y -
//IL 4
7"‘1 '\ i
xww 0 [

SWIL 1SOWHYZ 3Mma¥ny
dWIL VOLVEINID SV

—— . ——

WY390g Wewio Q
VSt -L594  1s3L

e

oér

o9

o8t

(3 ©3Q) IWNIVHIOWIL  ASaVHXR BNIWENL QNY HOLVBINID SV9 By L

150



450 3HNOI4

B3

V.

W v
>t

228 2 81 4
[ [ 1] [ [ 1] [ 14 [ 1] ¢
a4 4 A a4 4 4 & A A 4 A 4 Fay Y Adod A A A 4 8 4 bk d d L»h-LP->>bL¥»[P> ‘
| 4
e
¢
e o ety - s o i - s < - it < e+ mmn w . .- em .;i«.\ - [ 1
o} w
[
_, -
— L NI, ¥ nn...«-éiw -} o8l
" 1
ik
« -
"
e - i eest
3
I
|
ﬁl
-
~j—1- ese2
s
r
o
!
- 00s¢
_ r
-
-
) )?5.3% %i{iizgcg giéb‘}zz L L !
3 |
¥ |
-
E
[ 27

wWYU60¥4 YBwWiIS
VS ~2809 18341

151

JUNSSINA  N1dans  QinT4 DTNy QAR

(o154)



86—0 3HNOIA

2309 b I I I
.2 ]
]} ol el o :L o .ofr..rL o .Ov» NS TSR
........ DTN DU D *
ﬁ-
3
1
.
p Al.-
1
Y. |
Lanl |
A N j . 1. 2-
| , i
| [
‘IlL — ; \0
) - ( |
)
i
? A : c/ -2
T | i
e -

wygaosd TYdWie Q

BS\ —L%0g JAS3L

NOILISO4  NOJSI4  BolvnoW AL

Q)

152

OF POOR QUALITY

URIGINAL PAGE IS



L 2] ort

[P AT S W W WP

Aredadhusbeodbmdmadhardncd

238

U P U T W Y

6%—0 3UNOII

Abwndiadvoshasthe ot

| B I S
L »”

&

m

:j

( 14
.xrb.»a....*l
|
t

[ ¥4
U e

'
;
!
'

¢
"'J -

s

Ty v

YT

™

LR AR AN

T rrroyrYTyYTrY

WY¥Hodd “IvEwi9 Q

8s)

-le9d 1S3L

ouz

oct

L[]

)

N4

(915¢) Tnss3wd  3nqow  Kiadnd

153



Sd b odhond it A b ambamdradheadund:

(]

I |

A b bbb dndedd

09—J 3HNOI4

s B I S
{ 1)

PP W OWWE e

Adaddmadondadadd DWW AT I Wil U W W S uar'y

3
rrTTevrTey

Ty e

Y

“rrrrrrreoeey

~rerrTyYy ey

TrTrTYTrTTY

™7

Yy

|

bl

ol

YT YTYrY

WYYOH0Yd VAwWIe Q
8si-L¢ed 1S3y

(T

'
®
-t

[

o

L L]

MOVEGAR 1L

YIOAYISIY
154

(9154) Mnys3Hy



19—034NOI4

(>35) 3w
09) ohl otl oo\ o8 09 % ot
“ oh I i A A

(@350 3MWA 553¥43Q)
NIW

\

xww

f(ﬁ&oxa Tvgwi©y QO
88l -1g04 1s53)

-+ 0
DY

L]

T

1y

2NOVYQAH

155

NO'LISO4 MIOAN3ISIY

(124




€90 34¥NODI4

230 | I 'Y
L] 1 4] ”! o0} o8 ” [ 14 o2
POV U W U S U U U A Pl ST TN DWW W Wy I Wi O i Wi WU Wi Wil AN W e [ WA
L
S
S
S
L
Y 3
b
7( g
:
8
.
9
-
9
.
-
b

4

9
b
o
o
o
s
p-
L
8
L
b
S
L.
|
-
L
L
L
>
s
=
-

WyY¥e0ya Wwewio g

@S —leod 1S3L

[ 4
™~

oot

(, 93Q) 3BYAYYIIWIL dinTd D1aV¥aAH 1L

156



£9-0 IHNDII

238 » wt e
(31 [ ] 14} [ )] ....v.#.:,..»Qo.pr.»».».ov»LLLL._,.om.rrr...>>o
SO OB O MO 4 m
m
| ;
13
W
2
9
it i [ TR IATININ A T:
ot 0ot gt 0 e g _....« T LN t‘ PRI VLT N VNS TR
AR __:_f.__.__:.,_y.,;.?i % oy f___.i*_ _.__....._.w._.& A —_._f.___;.___,...._z upofr __.__..z.w.,._,..._._..,,‘n_.(; m

f‘.xovoca J‘Q‘..Q q
QS1-1%5ca 1S3

[ ]
-

.
A,

-

2
(way-n) QWads INBUAL 0¥ L

]
2 b 4
157

[
~







APPENDIX

D

HYDRAULIC FLUID HIGH PRESSURE TRANSIENTS

DURING FREQUENCY RESPONSE

159 ‘
oxgg | 7 INTERTIONALLY B4






L—a 34NOI4

T Jast ﬁ”
JANLINdiNVY 93a s 7 S5
ZH 9l L szt
,i))\\S\/\/\/)\/)\/\/\/)\l\/)))\(/\f\(/\/\()/\/\/Z/\/\i'klc
qZ°l
ANVAINOI HOLVN L0V sz
U VR TR TN MU P U SN (AN N NS RN GRS S S NN SO (S SR S —
L. 0692l
| cose
44 |
: ! L osie
)
JUNSSIHd HOIH AYYQNOI3S DINMNVHAAH ¥00Y L. ooo0s
~0
!
T,cmﬁ
_xlocmN

??E

34NSSIHI A1ddNS AINT4 JTINVHAAH H00Y

{SLT0A) SONYHWNGD

{O1Sd) 3UNSS3Ud

(D)Sd} 3HNSSIHd

161

INTONTIONSELY DL

- S



Z—Q 34N5I14

T 2381 i
AANLITdNY 934 SL° F
ZHZL Y A
74 Rau
0
GZ'L
ONVINWOD HOLVNLIV _“3
-0
- 0SZL
ﬁ - 005
) N ‘ ~ 062€
JHNSSIHI HOIH AHYANOI3S JITNVHAAH XJ30H _ 0005
—0
- 0521
S%i%%%\f?\{g}\(\%T
- 0GLE
IHNSSIHd ANddNS AiNT4d JITNVHAAH X30Y _

(SLY0A) ONVINWOD

{O1Sd) 3uNSSayd

(91Sd) IVNSSIUJ

162



=G FHNis

4

fer—— ——— o3st e —m -

IaNLITdWY D3a i
ZHOL

GNVINWOD 801 YN1IV

\/},%z,‘z

34YNSSIHd HOIH AHYANODI3S IITNVHGAH XI0Y

‘:"\
.
=
R

ANV ANV

JHASSIHI A1ddNS AlATd ATINVHAAH HI0YH

-

o

}

Lo i

YA S

P D W W Py

¥

- &2

30,274

0SLE

0005

Jsel

00S5¢

0SLE

0004

{SLINAY TN ol iCH

(91Sg) 3YNSSIBL

(91Sd) IHNSSIYd

163



¥—Qa 3HNOINd

“> 23S 1 r"
20N1ITdWY D2a SL°F
ZH8

D W N N O e i g W
ANVIAWOI HOLVYNLIV

3HNSSIHd HOIH AHYANODI3S JITNVHAAH HO0H

AV

34NSS3IHd AddNS AINTd DIMNVHOAH MIO0H

§T—
T4

szt
5T

- 0S¢L

- 005z

- 0SLE

L 000

- 0621
~ 0052

- 0GLE

L 0005

(S1T0A) ONVAWOD

(91Sd) 3BNSSIYd

(91Sd) 3HNSSIHd

164



50 3UNDI4

| ! |

T

I 23s L { 1
IANLITdNY 93ASL T
ZH S

ANVWWOI HOLVNLOV

Wi

JHNSSIHY HOIH AHYANOIIS JITNVHAAH HI0Y

3YUNSSIYd AddNS AINTHd JTNVHAAH A00Y

D
N

0521

00s2

(1,574

0szlL

005C

(GTA

00405

{SLTOA) ONVWIHCD

{D1Sd) IUNSSIH4

{D!Sd) 3YNSS3IHd

165



9—Q 34N

035 | i
30NLITdAV D3 SV’ F
ZHY

GNVINWOOD HOLVYN.LIOVY

3HUNSS3IHd HOIH AHVYANOI3S JITNVYHAAH MO0

JHNSSIHd A1ddNS QINT4 JITNVHAAH HO0YH

¢
SC'1—

Sl
Y4

-05Z1L

—00SC

~0SLE

- 0005

~0SC1

0052

—-0S.L€E

- 0005

(SL70A) ONVIAWOD

(D1Sd) 3HNSS3Hd

{D1Sd} 3YNSS3IUd

166



{—Q3 38NDIJ

I 23St |
30NLINdIWY D3a 5L 3
ZHZ

ONVWNOD HO1vN1idVv

3HNSS3IHd HOIH AYVANOI3S J1TNVHAAH %O0H

Ill\.l\/\/)\}\/\,\:\/\.\l\/\l\l\/.)\/\/\/\:\/\l\l\/\,\/

3YNSSIHd A1ddNS AINTd IITNVHCAAH XO0H

—-05¢1L

—0052

-osee

-0

0521

0052

-0GLE

'-000S

G

(SLT0A) ANV A

(D15d) IHNSSIHJ

{D1Sd) AYNSSIHJ

167



8—a 3HNOI4

3aNLI1dWY 93aSL° T “ J3st |
ZH L GZ-—
Z°l
s
_”ﬁ._
2
ANVIWIWOD HO1VvN1OV
0
0521
A A A A A 7 A\ ~ A ; - A 0052
-os€
L0005
FHNSSIHd HOIH AHYANOI3IS JITNVHAAH X004 Y
-0szL
0052
-0GLE
L0005

3UN$S3dd AddNS AINTd JITNVHAAH HO0Y

{SLTOA) ANVAWOD

{O1Sd} 3HNSSIUJ

(D18d) IUNSSIUd

168



6—a 3HNODJ

30NLINdWY D3a SL° % je——35 t — ]
ZH S

AONVINWOD HOLVN.LOV
JHNSS3IHd HOIH AHYANOJ3S JITNVHAAH X00H

e AN NSNS AN AASA AN S ANAAN NS NSNS

3HNSS3Hd A1ddNS AINT4 AITNVHAAH HO0H

06.€
0005
0

0sZL
0052
0SLE
0006

(SLIOA) ONVWWNOD

(D18d) 2HNSSIUd

(D184} F4NSSIYd

169



oL—a 3HN9I4

| oast ~]
30NLITdWY 93 SL'
ZH 9L

1 A
T4 R

NOILISOd NOL1Sid HO1VN.LIV

e A NIRRT i A

3H4NSSIHd HOIH AHVYANODJ3S DITNVHAAH LIL

e\ A AV A A [

JHNSS3IHd AddNS AINT4 JITNVHAAH L1711

sT’L
ST

ﬁc
-0SZL

-0052

-0GLE

- 0005

0521

0052

-0SLE

{930) NOILISOd

(D1Sd) 3UNSS3ud

(91Sd) 3HNSSIHd

170



Li—Qa 3HNDId

| i J381 1
JANLITIAY D33 6L & - g7~
ZHeL Gz L—
. e
Ge'tL
S¢
NOILISOd NOLSId HOLvNLIV
—lo
| osz1
l)\j\g%é{;gx{{{;\?‘
-0SLE
~ 0005
FHNSSIHd HOIH AHYANODIS DITNVYHAAH 1711
0
—-062ZL
- 0052
hat - /\ AT WE T w v ( -0GLE
- 0005

IHNSS3IHd ATddNS AINT3 JITNVHAAH L7111

{930) NOILiSOd

(91Sd} 3HNSS3Hd

{D1Sd) 38NSSIUJ

17



Z1—0 34NOI4

238 L
T| 3aNLITdNY D30 SL°F —>

ZH 0L

NOILISOd NO1SId H0OLVN1IV

3HNSS3IHd HOIH AHVANOI3S DITNVHAAH 1711

~~ NV VYV mea

3HNSS3Hd AddNS AiNTd DITNVHAAH L1111

- A

7 Al R

sZ°1L
S

— 0521

0062

|- 0SLE

L 0005

— 0S8Z1L
00SZ
ﬁl

— 0SLE

L 0008

{93Q) NOILISOd

{D18d) 3UNSSIYd

(91Sd) IUNSSIHd

172



€1—qa 34N

23s i v“
3ANLINdWY D3a 6L’ F
ZH 8

-+

e e s enmpt e S O

NOLLISOd NO1Sid HOLVNLIOV

JHUNSSIYd HOIH AHVANODJ3S JITNVHAAH L7114

3HNSSIUd A1ddNS AINT4 IITNVHAAH L1

s\

- 0521

- 0052

r- 0GLE

- 000G

- 05LE

L 0005

(634a) NOILISO4

{D18d) 3UNSSIYd

{DISd) IUNSSIUd

173



.

¥1—Q 34NOtd

J3slt

“\4 3aNLINdWY 93aSL 5 ||V_

ZH9

NO11iSOd NO1Sid HOLVNLOV

. 0062
| 0SLE

3HNSSIUd HOIH AHVANODI3S JITNVHAAH 1111

</>>>>>\§>>z -
L 0SLE

JHNSSIHd A1ddNS AINT4 JIMNVHAAH 1111

—~0

. 052t

L. 000S

. 06¢CL

_000s

(H3Q) NOLLISOd

{D1Sd) 3UNSS3Yd

(9iSd) IUNSSIHJ

174



S1—a 34N9I4

- 23St

AANLITIWY BIASL” F
ZHY

NOILISOd NO1Sid HOLVNLIV

JHNSSIHd HOIH AYYANOIIS NTNVHC AH 17111

FHNSSIHd ATddNS GINT4 JIMNVHAAH L1L

O

- 062t

0062

068

- 0005

530} NOILISOd

{D1Sd) IYNSSIHd

{D1Sd) 3¥NSSIHJ

175



91—a 34NDId

i~ - Jast -
3aNLINdWY D3a SL°F -
ZH Z -G L-

NOILISOd NO1SId JOLVNLIV

-0052

~ )\/\l\\f\/\(\:\/\)\f\f/\(\l\{}\/\/\l\/)\}\c/j

-05L€E

3HNSS3IHd HOIH AHVYANGI3S JITNVHAAH 1711

ro
0521

R P e WaV AW WAV AT o o A VAW W2 VAM

-0G..E

L 0005
JHNSSIHd AVddNS GINT4 DITNVHAAH 1111

{930) NOILISOd

(91Sd) 3UNSS3IHd

{£18d) IYNSSIHd

176



L1—a 3UNDI4

| .
3aNLNdvY D3ast’ ¥ [ 23st -1
ZH L

[~ Ei 0
7
0111504

NOil.30d MOL1SId HOLVYN LIV

JENSSAHd ATddNS QY74 JITNVHAAH L1111

JHNSS3Hd ATddNS AINT4 JIMNVHAAH L1111

T
LY
R

(93Q) N

058
Looos

(O18d) 3HNSSIYUd

177

o

~0GZ1L

2

z
m N
(D1S4) IUNSSIHI

=




8i—qQ 3HNO4

3aNLINdWY B3A6L° 5 fe—— o35t

ZH S

0
-~
t

ol

wne
N
{93Q) NOILLISOd

NOILISOd NOLSId HO1VNLIOV

§_$

-

\1
~ :i
[
{O1Sd) 2YNSSIYd

JHNSSIHd HOIH AHVYANOIJ3S JITNVHAAH 1711

)

)
TEEN
{D1Sd) 3UNSSIUd

JHUNSSIHd ATddNS AINTA JITNVHANH LT1L

178



APPENDIX

SELECTED
GN> SPIN DATA

179






-3 IYNBLL

{038) anil

oy ot
| 1

SANWIL ¥ Lv3d3Y

WYH90Y¥d Tvawlo 19

(174
USRI B

oL

0
S |

i4vis

— G’

(930} NOLLISOd NOLSId Ho1vnLoY RG] S O INTRNTION. L B

181



-3 3HNOI4

(038) INIL
052 002 osi oot 05 v
1 ] ] i AL
- 62
- 05
- ¢
L woL
W3LSAS 1111

(NIdS END) 661—LE0d 1S3 L

{10d) T13AIT AINTA HIOAHISIY JNNVHOAH

182



£-~3 FHNOHI

{03S) INIL

cst
|

W3ILSAS 1111
(N1dS SND) 66L—££0d 1S3L

— 001

- 05t

(do) IHNLYYIWIL TI0 JITNVHAAH

183



—3 3HNOId

(23S} INIL
0se 002 0stL (1]} 0
| | l {
|- 06
ﬁ 0oL
ﬁomr
- o0z
N3LSAS 1111
- 062

(N1dS NO) 66L—L£0d 1S3 L

(do) 3HNLVHIdWIL O 38N

184



APPROVAL

SOL1ID ROCKET BOOSTER
THRUST VECTOR CONTROL
SUBSYSTEM VERIFICATION TEST (V-2)
REPORT

The information in this report has been reviewed for security
classification. Review of any information concerning Department of
Defense or nuclear energy activities or programs has been made by
the MSFC Security Classification Officer. This report, in its entirety,
has been determined to be unclassified.

Vo .
\;\‘J‘\\.c Ce- e 8L

A. A. McCool
Director
Structures and Propulsion Laboratory

. ¥ Verble, Jrf
Chief
Mechanical Division

7/ -
B PN
//W/ /w,////,l,,,

J. H. Potter
Chief
Propulsion Control Branch




