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ABSTRACT

The field joint environmental protection system (herein referred to as the
joint protection system (JPS)) vibration/pressurization qualification test
consisted of flight-simulating environmental conditioning and dynamic
environment testing of a JPS test article. The major purposes of the test
were to certify that the flight-designed JPS will withstand the dynamic
environmental conditions of flight, and to certify that the cartridge check
valve (vent valve) will relieve pressure build-up under the JPS during the
initial 120 sec (minimum) of flight.

The vibration test article performed satisfactorily and fulfilled all
objectives Tisted in the test plan. The JPS remained intact, no visual
anomalies were evident, and the bondlines showed no evidence of separation
or degradation throughout the testing. Al1l requirements for venting and
pressure release were met. Also, button pull tests of the extruded cork
insulation bondlines yielded acceptable results.
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1
INTRODUCTION

This report documents the procedures used and results obtained from vibration
testing the redesigned solid rocket motor (RSRM) field joint environmental
protection system (FJEPS), hereafter referred to as the joint protection
system (JPS), per CTP-0054, "Qualification Test Plan for the Field Joint
Environmental Protection System Vibration/Pressurization Test.” The JPS is
installed to protect the RSRM field joints from the exterior environment.

The test consisted of flight-simulating environmental conditioning and
dynamic environment testing of a JPS test article. The major purposes of the
test were to certify that the flight-designed JPS will withstand the dynamic
environmental conditions of the redesigned solid rocket booster, and to
certify that the cartridge check valve (vent valve) will relieve pressure
build-up under the JPS during the initial 120 sec (minimum) of flight. Also,
an evaluation of the extruded cork insulation bonding was performed after the
vibration testing.

The test article was assembled and instrumented according to Morton
Thiokol drawings 7U76358 (test article assembly) and 2U132025 (vibration
fixture). The test article was built using sections of current JPS
production components, except that the field joint used was a fixture
designed to simulate the external contour of the RSRM field joint.
Accelerometer and pressure data were acquired to verify the input and
response vibration spectrums and the pressure buildup under the JPS during
testing.

Testing was conducted at the Morton Thiokol Utah-based test facilities
T-3, T-51, T-53, M-15, and M-53 and was completed on 8 Feb 1989.

1.1 BRIEF TEST ARTICLE DESCRIPTION

The test article configuration represented flight hardware, except for the
joint simulator fixture (Figures 1 through 4). The test article assembly
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consisted of an aluminum joint simulator fixture and sections of pin retainer
band, JPS heater, heater thermal barrier, moisture seal, moisture seal
retainer straps, instrumented moisture seal retainer strap clips and links,
JPS sensor, extruded cork insulation, and K5NA ablation compound. In
addition, a cartridge check valve was installed into the center of the
assembly.
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2
OBJECTIVES

The JPS vibration/pressurization test objectives were derived from the
objectives in TWR-15723, Rev. C, "Redesign D&V Plan," to satisfy the
requirements of contract end item (CEI) specification CPW1-3600. The
objectives are listed with the CEI paragraph numbers as follows:

Certify that the JPS shall remain intact through simulated flight, post-

a.
separation, water impact and, as a goal, through recovery vibration and
shock criteria. (3.2.1.11.d, 3.2.7.2.2.b)

b. Certify that the JPS structures and components are designed to
demonstrate the life factor requirements. (3.3.6.5)

c. Certify that the JPS is designed to preclude the shedding of debris
(Debris Prevention) from the elements during prelaunch and flight
operations that would jeopardize the flightcrew and/or mission success.
(3.2.6.5)

d. Certify that the vent valve will relieve the pressure buildup under the
JPS during the initial 120 sec minimum of both flight random and vehicle
dynamics vibration criteria in each axis. (3.2.1.11.d, 3.2.7.2.2.b)

e. Evaluate the JPS bondline performance when subjected to the prelaunch
natural environments as listed:

--Air temperature
--Humidity

--Rain

--Salt air

f. Evaluate the JPS post-test structural integrity (adhesive bondlines)
through button pull tests.

Revision ___ pocwo. TWR-17245 | vou
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Morton Thiokol
_ Documents

CPW1-3600
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DPD 400
SE-019-049-2H

STW5-2994
STW5-3183
STW4-3218

STW5-3225
STW5-3226
TWR-10163 (CD)
TWR-15671
TWR-15723
TWR-17230

TWR-19138
GS&HM
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3
APPLICABLE DOCUMENTS

Title

Prime Equipment Contract End Item (CEI) Detail
Specifications

Qualification Test Plan for the Field Joint Environmental
Protection System Vibration/Pressurization Test

Data Procurement Document No. 400

Solid Rocket Booster Vibration, Acoustic and Shock Design
and Test Criteria

Paint, Polyethylene, Chlorosulfonated
Ablation Compound, Cork Filled (K5NA)

Epoxy Resin Adhesive, Nonasbestos, Structural Bonding
(EA 934NA)

Coatings, Epoxy-Polyamide

Primer, Zinc-Rich, Epoxy-Polyamide

Safety Plan for Space Shuttle Solid Rocket Motor Project
Quality Plan for the SRM Redesign Program

Redesign D&V Plan

Cork Extrusion Mechanical Characterization Final Test
Report

FJEPS Vibration/Pressurization Test Flash Report

Morton Thiokol/Wasatch Operations General Safety and
Health Manual
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Military
Documents

MIL-STD-810C
MIL-STD-810D
MIL-S-8802
MIL-STD-45662

Drawing No.
2U132025

7U76358
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Title
Environmental Test Methods
Environmental Test Methods and Engineering Guidelines
Type I C1 B-2 Sealant (PR1422 Polysulfide)

Calibration System Requirements

Vibration Fixture RSRM Field Joint

Test Assembly, Vibration/Pressure
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4
RESULTS SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

4.1 RESULTS SUMMARY

This section contains an executive summary of the key results from the test
data evaluation and post-test inspection. Additional information and details

can be found in Section 7 of this report.

The vibration test article performed satisfactorily and fulfilled all of
the objectives listed in CTP-0054. The JPS remained intact, no visual
anomalies were evident, and the EA 934NA adhesive and K5NA ablation compound
bondlines showed no evidence of separation or degradation throughout the
testing. The cartridge check valve performed as expected. All requirements
for venting and pressure release were met and the cartridge check valve
remained securely bonded in place. Button pull tests of the bonds between
the extruded cork insulation and the aluminum joint simulator fixture,
moisture seal, and moisture seal retainer straps yielded satisfactory

results.

Throughout the vibration environment tests there was no drop or change
in the moisture seal retainer strap tension. During all of the flight random
and vehicle dynamics pressurization tests there was no internal pressure
drop.

For the water impact shock test, the impact-simulating pulse duration
criterion was changed from 0.050 to 0.010 sec to accommodate the capabilities
of the test equipment. Longitudinal axis shock No. 1 was run with a loose
Tead on the control accelerometer, and thus the article was over-tested to
70.23 g (test criteria peak level was 20 g). Tangential axis shock No. 1 was
run to 19.77 g (test criteria peak level was 8 g). The cause of the tangen-
tial over-test is unknown. Since no visual damage was done to the test
article in each over-test, both test runs were acceptable.

Based on the results of these tests, it can be concluded that the test
was successful.
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4.2 CONCLUSIONS

Overall, the results of this test were satisfactory.

Test results indicate

that when proper installation procedures are followed the JPS will remain

intact throughout the flight environment.
did not come free from the joint simulator fixture.

The JPS tested remained intact and
No evidence of debris

was present and the cartridge check valve relieved the pressure built up

under the JPS as needed.

A1l of the bondlines were in excellent condition

and post-test pull tests showed greater-than-anticipated bondline strengths.

4.2.1 Requirement Traceability
Listed following are the conclusions as they correspond to the objectives and
CEI paragraphs. Additional information to support these conclusions can be

found in Sections 7.2 and 7.3 of this report.

Objective

Certify that the JPS
shall remain intact
through simulated
flight, post-
separation, water
impact and, as a goal,
through recovery
vibration and shock
criteria.

Certify that the JPS
structures and
components are
designed to
demonstrate the life
factor requirements.

REVISION

89656-1.12

CEI Paragraph

3.3.1.11d.

The field joint
protection system
shall remain intact
through flight and, as
a goal, through ‘
recovery.

3.2.7.2.2b: Induced
Environment Loads.
The RSRM shall be
designed to withstand

postseparation-
through-recovery loads

as specified...

3.3.6.5: Life
Factors.

The RSRM shall be
designed to withstand
fatigue and fracture
mechanics requirements
as specified...

Conclusions

Certified. Throughout

testing, all of the
bondlines and
components of the test
article remained
intact and did not
degrade in any way.

Certified. The test
article was subjected
to accelerated
environmental _
conditioning prior to
successful completion
of vibration and

pressurization
testing.

oocno. TWR-17245 | vo
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Objective

Certify that the JPS
is designed to
preclude the shedding
of debris (Debris
Prevention) from the
elements during
prelaunch and flight
operations that would
jeopardize the flight
crew and/or mission
success.

Certify that the vent
valve will relieve the
pressure buildup under
the JPS during the
initial 120 sec
minimum of both flight
random and vehicle
dynamics vibration
criteria in each axis.

Evaluate the JPS
bondline performance
when subjected to the
prelaunch natural
environments as
listed:

--Air temperature
~--Humidity

--Rain

--Salt air

Evaluate the JPS post-
test structural
integrity (adhesive
bondlines) through
button pull tests.

REVISION

89656-1.13

CEl Paragraph
3.2.6.5: Debris

Prevention.

The SRM shall be
designed to preclude
the shedding of debris
from the elements
during prelaunch and
flight operations...

3.3.1.11d.

The field joint
protection system
shall remain intact
through flight and, as
a goal, through
recovery.

3.2.7.2.2b: Induced
Environment Loads.
The RSRM shall be
designed to withstand
postseparation-
through- recovery
loads as specified...

None

None

DOC NO.

Conclusions

Certified. Throughout

testing, all compo-
nents of the test
article remained
intact and did not
degrade in any way.

Certified. The vent
valve performed as
designed and relieved
the JPS internal
pressure during the
initial 120 sec
minimum of each flight
random and vehicle
dynamics vibration
test. Salt deposits
were present on the
vent valve from the
environmental condi-
tioning, but the
deposits did not
impact valve
performance.

The test article was
subjected to the
specified simulated
prelaunch environments
and all bondlines
remained intact and
did not degrade in any
way.

Cork insulation pull
tests yielded results
as expected, and all
breaking strength
values were higher
than expected.

TWR-17245 | vo

SEC

I PAGE 12



MORTON THIOKOL. INC.

Space Operations

4.3 RECOMMENDATIONS

Based on the results of this test, it is recommended that the use of the
flight configuration JPS, as documented in this report, should be continued.

oocno. TWR-17245 | vo
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5
INSTRUMENTATION

Vibration test instrumentation consisted of a triaxial accelerometer
(A002-A004) mounted on the joint simulator fixture to measure response
frequencies, and a single accelerometer (A001) mounted to the shaker table
input plate to control input frequencies (Figure 1). In addition, a mass
flowmeter controlled air flowing into the cavity under the JPS, and a
pressure gage (P001) monitored the pressure buildup (Figure 2).

REVISION oocnoe. TWR-17245 l vou
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6
PHOTOGRAPHY

Pretest and post-test photographs of the test article were taken. Figures 5
through 8 show the test setup and post-test condition of the test article.
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7
RESULTS AND DISCUSSION

Prior to the vibration/pressurization testing, the test article was assembled
and subjected to accelerated environmental conditioning.

7.1 TEST ARTICLE DESCRIPTION

The test article configuration was designed to certify the JPS. Test article
configuration represented flight hardware, except for the joint simulator
‘fixture (Figures 1 through 4). The test article assembly consisted of an
aluminum joint simulator fixture and sections of pin retainer band, JPS
heater, heater thermal barrier, moisture seal, moisture seal retainer straps,
instrumented moisture seal retainer strap clips and links, JPS sensor,
extruded cork insulation, and K5NA ablation compound. In addition, a
'cartridge check valve was installed into the center of the assembly.

7.1.1 Joint Simulator Fixture

Drawing 2U132025 defined the joint simulator fixture configuration, which was
designed to simulate the external profile of an assembled RSRM field joint
and allow for the installation of the JPS. The fixture was machined from
aluminum to be 32 in. long by 20 in. wide by 6.2 in. high. The 32-in. test
article length was selected using the following criteria:

a. Similarity to the test article length used in the nozzle linear-shaped
charge (LSC) and the systems tunnel qualification tests (approximately
30-to0-40-in. length).

b. As close to the maximum length possible to achieve the 35.2-grms level
required for reentry random vibration.

(Analysis shows that vibration modes which cause element 1lifting,
separation, debonding, etc., are relatively high in frequency and pure
radial, tangential, or longitudinal modes. Although 32 in. is only about
15 percent of the JPS circumference, test article length for the lifting,
separation, debonding, etc., modes is not a factor.)

REVISION ‘pocno. TWR-17245 | vou
SEC I PAGE 20

89656-1.17



MORTON THIOKOL. INC.,

Space Operations

A requirement of the JPS vibration fixture was to simulate and monitor
pressure buildup under and venting through the cartridge check valve in the
JPS. To accomplish this, two pressure ports were drilled into the joint
simulator fixture: one to allow an airflow into the volume under the JPS,
and one to monitor the pressure directly under the cartridge check valve in

the JPS (Figure 2).

To ensure that tension in the moisture seal retainer straps could be
monitored and verified to be within the 1,300-to0-3,000-1b range during
assembly, two cavities were machined into the joint simulator fixture to
accommodate two turnbuckle/load cell assemblies to which the straps were
attached and tightened (Figure 3).

Prior to installing the JPS, the fixture was grit blasted, vapor
degreased, and spray painted with STW5-3226 zinc-rich primer and STW5-3225
top coat.

7.1.2 Vibration Test Article Assembly

Assembly and instrumentation of the JPS vibration fixture was conducted at
the Morton Thiokol M-15 facility and was defined by drawing 7U76358. The
assembly consisted of sections of the pin retainer band, JPS heater, heater
thermal barrier, moisture seal, moisture seal retainer straps, instrumented
moisture seal retainer strap clips and links, JPS sensor, extruded cork
insulation, and K5NA ablation compound installed on the joint simulator
fixture. In addition, a cartridge check valve was installed into the center
of the JPS assembly.

To obtain an assembly which was capable of holding pressure, the
moisture seal was trimmed 0.75 to 2.0 in. on either end and sealed in place
using polysulfide sealant (MIL-S-8802). The cartridge check valve was then
bonded to the moisture seal with polysulfide sealant (MIL-S-8802).

Once the seal was verified, the moisture seal retainer straps were
installed and tightened to 2,990 110 1b tension. To monitor and record the
tension in the straps, the straps were installed using two specially modified
retainer strap clip and link assemblies (the modification to the strap clip
and link assemblies consisted of instrumenting them to measure load) and two

oocno.  TWR-17245 | vou
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turnbuckle/load cell assemblies. The straps were allowed a 30-min period of
relaxation and then retightened, after which the heater sensor was put in

place.

Finally, EA 934NA adhesive was applied to both the joint simulator
fixture and the extruded cork insulation. The cork was positioned in place
and cured inside a vacuum bag for 8 hr. After cure, the adhesive surrounding
the upper 0.25 in. of the cartridge check valve was removed and replaced with
KSNA (Figure 4). K5NA was applied at the aft end of the cork, and all the
cork and K5NA were painted with white polyethylene paint (STW5-2994).
Assembled, the test article weighed 171.4 1b.

7.2 ACCELERATED ENVIRONMENTAL CONDITIONING

Prior to vibration testing, the test article was subjected to temperature,
humidity, salt spray, and rain conditioning per CTP-0054 and MIL-STD-810D to
simulate the prelaunch natural environment. This conditioning took place
from 29 Nov to 12 Dec 1988.

7.2.1 High-Temperature, High-Humidity Conditioning

Initially, the test article was placed in the Morton Thiokol T-51 test
facility and subjected to an environment of 120° +10-0°F and 90 +10-0 percent
relative humidity for 48 hr minimum (Figure 9). Upon completion of this
conditioning, the test article was placed in a 75° $10°F environment for 24
hr minimum and allowed to return to ambient condition. ‘

7.2.2 Salt Spray Conditioning

Following the high-temperature, high-humidity, and return-to-ambient
conditioning cycle, the test article was placed in the Morton Thiokol T-3
test facility and subjected to a 95° +10°F salt spray conditioning for 48 hr
(Table 1 and Figure 5). Upon completion of this conditioning, the test
article was placed in a 75° t10°F environment for 48 hr and allowed to return
to ambient conditions. Postconditioning inspection of the test article
showed salt deposits accumulated in and around the vent valve.
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MORTON THIOKOL. INC.

Space Operations

Table 1. JPS Test Article Salt Fog Conditioning Data
Required
Specific
pH Gravity Temperature Fallout
6.5 to 7.2 1.023 to 1.037 95 +10°F 0.5 to 3.0 mL per
hr of solution
Actual (Pretest)
Fallout
Specific Receptacle Receptacle
Date pH Gravity Temperature No. 1 No. 2
1 Dec 1988 6.9 1.028 96°F 25 70
Actual (Test)
Fallout

Date pH

2 Dec 1988 6.5
3 Dec 1988 7.1
4 Dec 1988 6.5

REVISION

89656-1.25

Specific Receptacle Receptacle
Gravity Temperature No. 1 No. 2
1.026 "95°F 25 70
1.029 95°F 30 50
1.025 95°F 50 50
pocno. TWR-17245 | vou
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7.2.3 Rain Conditioning

Simulated rain conditioning was conducted after completion of the salt spray
conditioning. The test article was subjected to a water spray'for a minimum
of 1 hr. The conditioning was conducted at the Morton Thiokol T-3 test
facility and met the following conditions:

Water pressure: 40 psig

Water temperature: 45°F

Chamber temperature: 73°F

Rain duration: 1 hr minimum

Rain droplet size: 2 to 4.5 mm diameter
Distance from nozzle: 19 %1 in.

7.2.4 Low-Temperature Conditioning

Low-temperature conditioning was conducted after completing the rain
conditioning. The test article was towel dried, immediately placed in the
Morton Thiokol T-3 test facility, and subjected to a 20° +0-10°F environment
for a minimum of 48 hr (Figure 10). Upon completion of this conditioning,
the test article was placed in a 75° t10°F environment for a minimum of 24 hr
and allowed to return to ambient conditions. Postinspection of the test
article showed salt deposits accumulated in the bottom of the vent valve.

7.3 TEST RESULTS AND DISCUSSION

The vibration/pressurization test was conducted in the Morton Thiokol T-53
shaker facility from 19 Dec 1988 to 6 Jan 1989. Two Ling A340 shakers were
used to conduct the test. The longitudinal and tangential axes tests were
conducted using a shaker which was configured horizontally and bolted to a
shaker plate (Figures 6 and 7). The other shaker was configured vertically
for the radial test (Figure 8). Test results (control and response
accelerometer power spectral density (PSD) plots and time history plots) are
included in Appendix A.

The test setup included an internal pressurization pretest of the test
article per paragraph 8.1.2 of CTP-0054. A1l requirements for air flow
(3.2 0.5 in.3/sec for 160 sec) and pressure (1.0 +0.5-0 psig) were met. The
cartridge check valve (vent valve) performed as designed and relieved the JPS
pocno. TWR-17245 | vo
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Space Operations

internal pressure during the initial 120 sec (minimum) of each flight random
and vehicle dynamics vibration test.

7.3.1 Flight Random Vibration/Pressurizatjon Test

The equipment armature and head expander exhibited a natural resonance in the
1,000-to0-2,000-Hz range. Two types of accelerometers were used: control
accelerometers which measure motion of the shaker plate, and response
accelerometers which measure motion on the test article. Control
accelerometer PSD plots show that the test article was subject to motion
within tolerances specified by CTP-0054 (Table II). Response accelerometer
PSD plots, however, show the equipment resonance as a data spike which
exceeds the tolerance criteria of CTP-0054. The resonance/spike was allowed
per MIL-STD-810C (Method 514.2, para 4.5.2) and upon receipt of a redline
copy of CTP-0054 and a memo from the vice president of Space Operations (Memo
A400-FY89-139, included in Appendix B). (The test changes specified in Memo
A400-FY89-139 have been incorporated into CTP-0054, Rev. C.) Control and
response accelerometer PSD plots are included in Appendix A.

The test article was pressurized (1.0 40.5-0 psig) during the initial
160 sec of the vibration test. Pressure gages indicated no internal pressure
drop throughout this test. Instrumented moisture seal retainer strap clips
and links were monitored with a portable data acquisition system to detect
any change in strap tension. No change in strap tension was indicated
throughout this test. Upon test completion, no visual anomalies on the test
article were found. The test article met the requirements of CTP-0054.

7.3.2 Reentry Random Vibration Test

Radial axis test levels could only be met by using two control accelerometers
and averaging the two outputs for a solid control. This setup was a result
of equipment armature and head expander natural resonance in the 1,000-to-
2,000-Hz range. As in the Flight Random Test, control motion was within test
criteria, while response motion exhibited a data spike due to equipment
resonance. The resonance/spike was allowed per MIL-STD-810C, and per the
redline version of CTP-0054 and Memo A400-FY89-139, both included in

Appendix B.
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Instrumented moisture seal retainer strap clips and links were
monitored, and no change in the strap tension was indicated. Upon test
completion, no visual anomalies on the test article were found. The test
article met the requirements of CTP-0054.

7.3.3 Vehicle Dynamics Vibration/Pressurization Test

The test article was pressurized (1.0 +0.5-0 psig) during the initial 160 sec
of the vibration test. Pressure gages indicated no internal pressure drop
throughout this test. Instrumented moisture seal retainer strap clips and
links were monitored, and no change in the strap tension was indicated. Upon
test completion, no visual anomalies on the test article were found. The
test article met the requirements of CTP-0054.

7.3.4 Mater Impact Shock Test

The test criteria required an impact-simulating, half-sine pulse duration of
0.050 sec. However, the computerized equipment could only give a duration of
0.010 sec. The pulse duration criterion was changed to 0.010 sec per the
redline version of CTP-0054 and Memo A400-FY89-139, included in Appendix B.
Time history data for the shock tests are included in Appendix A.

Longitudinal axis shock No. 1+ was run with a loose lead on the control
accelerometer, and thus the article was over-tested (70.23 g at 100 Hz on the
shock spectrum and test criteria peak level at 20 g). Discrepancy Report
No. 168169 was written to cover the over-test, and is included in Appendix C.
Since no visual damage was done to the test article, the over-test was
acceptable. Shock No. 2+ was run to 31.14 g.

Tangential axis shock No. 1+ was run to 19.77 g. (Test criteria peak
level was 8 g). The cause of the over-test is unknown. Discrepancy Report
No. 168188 was written to cover the over-test, and is included in Appendix C.
Since no visual damage was done to the test article, it met or exceeded the
test requirements and was acceptable. Shock No. 2+ was run to 16.68 g,

No. 1- to 13.49 g, and No. 2- to 13.43 g.

Radial axis shock testing was satisfactory. Shock No. 1- was run to
12.96 g, No. 2- to 12.98 g, No. 1+ to 13.44 g, and No. 2+ to 13.44 g.
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7.3.5 Cork Button Pull Tests

Cork button pull testing was conducted on 8 Feb 1989 in the Morton Thiokol
M-53 Development Lab (Table 2). Five specimens located on the extruded cork-
to-joint fixture bond failed 100 percent in the cork and failed at higher
stress than cork tensile dog bone tests (documented in TWR-17230, "Cork
Extrusion Mechanical Characterization Final Test Report"). Two other pull
test locations (moisture seal-to-cork extrusion bondline and Kev]aro strap

and KS5NA-to-cork extrusion bondline) also yielded acceptable results.
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Appendix A

DATA FROM SRM FJEPS VIBRATION/PRESSURIZATION TEST
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WASATCH OPERATIONS

SUMMARY
This report contains the results of the Vibration Testing conducted on
the 7U76358 Field Joint Test Assembly. Testing met or exceeded the

requirements contained in the CTP-0054 test plan. Testing was run per
Shop Travelers 7A052 and 7A053.

TEST RESULTS
Test Configuration

The following test tools were used:

2U105664 Vibration Slip Plate

6021ST Drive Bar

X-M19506-6 Head Expander

7U76358 Test Assembly

Test Set-Up

The test article was received at T-53 on 12 December 1988, Visual

inspection showed rust and corrosion on all exposed metal (non-painted

or non-plated). Test article was stored at T-533 til 19 December 1988

when test set-up could be scheduled.

Test set-up included an internal pfessurization pre-test per paragraph
8.1.2 of CTP-0054. All requirements for air flow (3.2 +/- .35 in 3/sec
for 160 sec) and pressure (1.0 + .3 -0 psig) were met.

. Testing was conducted using the Ling A340 shakers. Longitudinal and

radial axes were run on the slip plate. Radial axis was run on the
vertical shaker.

Test Pe}formance
Flight Random Vibration

Test was run per requirements listed in CTP-0054 table II Flight Random
Vibration. Test article was pressurized during initial 160 seconds
visually monitoring pressure gages. FM Tape #22957 contains flight
random vibration levels and pressure levels. No visual ancmalies were
noticed. Article met requirements of Test Plan.

Re-Entry Random

Test was run per requirements listed in CTP-0054 Table II Re-entry Randcm
Vibration. FM Tape #229537 contains the longitudinal and tangential axes
data. FM Tape #22959 contains the radial axis data. Article met
requirements of test plan. Radial axis test levels could only be met
by using two control accelerometers and averaging between their two
outputs for a solid control. PSD plots show resonance between 1000-2000
Hz. This is due to armature and Head Expander set-up natural resonance.

A-4
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Vehicle Dynamics

Test was run per requirement listed in CTP-0054 Table II Vehicle Dynamics
Criteria. Test article was pressurized during initial 160 seconds of
the vibration. No drop in pressure was seen by visually monitoring
pressure gages. FM tape #22958 contains vehicle dynamics data. Article

met requirements of test plan.

SRM Water Impact Shock

Test was run per requirements listed in CTP-0034 Table II under SRM
Water Impact Shock Criteria.

Test criteria required a duration of .050 seconds. Computerized
equipment can only give a duration of .010 seconds. Traveler was changed
to .010 seconds upon receipt of a "red-lined"” test plan and memo from

J. D. Thirkill.

Longitudinal axis shock #1 was run with a loose lead on the control

accelerometer and thus an overtest level of 70.23 G’s wa seen. DR
#168169 was written to cover this. Disposition was +that data was
acceptable.

Tangential axis shock was run to a 19,77G level. Cause was unknown.
DR #168188 was written and dispositioned that data was acceptable.

Test Monitoring of'Clip'Gages

During the Flight Random, Re-entry and Vehicle Dynamics Vibration, élip
Gages were monitored by C/C 5618. This consisted of a FDAS set-up to
monitor “clip-gages”. The clip gages were installed on the straps during
Field Joint Build-up:. No loosening or change in the straps was noticed
during testing.

Post Test

Post test inspection showed no visual anomalies to the test article.

TEST DATA
A. Photographs

B. PSD Plots

A-5



T SR L I 2 B O WaY, Y0 TP WP I WP } o e e . Rl e T L L P 0o o PR Y P e i s E B STt i, SN F v g erwep e,
g m e 5 AR SR e A S R MOITRAN U e D e A W et et ereos hd i et s AN n Koo, A i Dt A NP R
PG

: A v174
A5d43rd
(5151572 207 ZH
‘ _a TV I 1T ¢ 1 )

_______ | T

8'9°@
=311

869
=S

= 507

o e b4 ©

" I4W“Hll

ZH 20
=TI0OMINQD

821
=1 , | = =d400

TOULNGD 1089

= __:&__,.__ i 1 J11r L1 1 I %) ¢

R e D L A e A T e

§ s g B AT 2 T ety Y e F A Bl 1

[ERLE TR IS

A-6

4



llll]'

llllll[

1
oG
ROB3 TANG RESPONSE

ORIGINAL PAGE 1S
OF POOR QUALITY

)
V1]
=
=
=

2
W
()

2008

HZ LOG

19

16—7




s xUig e AN Tl

L TYeel g
IT RPN PF PR v

S Weal e AL i At b A B wf WAL AL Joi Bt NS ST PR D RN K

82-230-62 &SIxd THOT 88Td4-SIn WOSHDY LHOINd SJ4373
d4843r4d

Boec 307 2H
—_—_ L | R

a‘sre
=311

1041IMOD Teeu

_ﬁ__ 1t i _hu._n [ - | ) a1




VRS ETR L a~ al
4,

RN Ty P

286

R TR SOR

3

33 v
i o

HZ  LOG
VIBAPR

T 1117
EEEE1

|
$

ABBZ LONG AXKIS

i Aio

FJIEPS FLIGHT RANCOM

FJEPSF

.L0G
GRMS=
15.12

1
128

DOF=
TIME=
8,6,8

Al CH 3
G2 HZ

P B R A R 1 . B D L R P T L aae SURTEE ¥ IR B TRV ER )



88-J31-02 SIxY MIONY SSIUd-8IN WOONH 1HDINH Sd3rd
. aedzrd

BEaZ a0 2ZH
. _::J. 1 { _______ |

J....,.C/.r‘(s! __ \\\

e VoYl S NG

. TOAINDD 168%
= _._Z___ ] 1 __:.P_ ] ) (5}




i) chistion
TN S0 R A b

Bt
RIS o

b Ak e
~¥

eSS A

S e ile S M S A LR b L a SIS

I I N WL AL LS et et NSO e L LA ST ULt AR 2 i L P DR 237 5 W B g et

o3-230-62 SIKY WIOUY SE34d-810 WOOHGE LTHOI4 S43rd
JEd3d

BEGE 201 ZH @r
[T v 1T 1 1 ILRLELNLENLI

JFSHOLS3Y "WIgHN Za8y

__ | I I S S | _ I I I 1

A-11



S3-0=0-08 ‘SINY WILNZDMEL ‘LOCKYY ADMNZ-ZY 88=1d

05d=r4
519524 907 ZH ~
,_..:_.d 1 omrr T 171 |g-87
eL’1'0
=3WIL
ey
= :
mm 625°S
= | | =Sl9
2 m SR ey \ 5701
mm r.f._g \
S5 55&5 \\ P15
f.ﬁnw.ui_.rf ..21\ .
“I0ALNOD
= A
= 2 =300
| = T0NLINGD TOBY
| E TSN MTIN RN L e
j 1 f




L9
A-13

~3S0-8T CSIRY WILNETHGL ‘HOGNE ARINZ-I¥ Sd30d
054304

1515 5P J071 EH S
~______ i I _:__u_ } | _:_q 281

]

| BErT D
LN o =3MIL

ect

3SNOCSTA DN 0 £08Y =00

_—___P_ | ] _______ | i ?__- 1




%

i)

Ju&uﬁ‘-}um
A-14

.

—-0S0-BE SIXY TWMIGNLIDHNDT ‘lOCHEY A&IMZ-2d 220
354304

e o e

- '-

e80T S5 R 5
‘ TTrrr vt 11 ITrrrr 11 \_:: c-91

BeE’1‘@
=3Il

189°S

T AT i o =
) \\ .

Oy,

&\

\)
R \\ ZHAZD -
VY ALY ATk O AN :

JOEINDD

bel
=03
JOMLINGD 1664

=y

__m_; P11 | ____\__ 1} | _._p =91

T e e o
EYR IS 2 YO R ¥

it



Py
iR

8E-0T0-BZ  SINY TeMIOALIDHOT “WOCHEE AYLINS-3Y 84504 ik
SciSid =
PRAT 207 IH ‘ S
MIrT T T T 1 UL BRI [TTTT 5-8
Goele
=3WIL
3 SHE 6
ula =Chid )
hy ST
= K it . =Ry

NI\NM_
£ HI ¥

| A
= | =300

3SNOLST 207 £aBy

Fs

= _______L ] _:__:_, l _:: 81

5y

AR

424




. , q 2
A 28-0TT-32 ‘SINY THIOEY S KOOMEM A¥LNE-3M 54304 a1
CSdar
26Eg 50971 ZH
___:___ [ 2 O

)8
ot
—r I,
-
=

= _~____~_ | _____~_F ) = 081




*® Ge-130-3¢ 'SINY TWIGHY <8I0 MOCHuY \dMzZ-zd 24202 N_
red3rd =<
5155 X 01 ZH 5}

_ﬂ-____ { 1 _-__—_ ! l $510i50

6z ‘@
=31l

N 182781

.-!L-'*"'.!-;!.

o
o
H
i

X
24

4
~

= ___w__ L1 ] : ——rbh;_ 1 1 ) = 681

A
e S5es Sty




- EE W

ORIGINAL PAGE IS
OF POOR QUALITY

LbY

' b T 4
S G R R

K TSR "
PR A BRI ot
\

| urar e AR | ]nn;nnll T mrrrrerr vt jnn 1]

P TR N T S

L

1]

)
o
jzm]}  e-{=(l1
kv—l"— (B

LOG
IS 23-D

HZ

FREBLIENCY/
DYMN, LONG E

-
iz

o

3
YEHT

hll\;-lua

4

g
e
A

xn

— e
n
=21

ABB1 CONTROL

’f—ﬂq.'”
n 2
o i

FJ=PsR

9

L1 1 3 L 1 ] |llll‘llllll L , ‘n

LOG
RUN |

Ls |
194
p-

CH |
MON

(La




ORIGINAL PAGE IS ‘ 10
OF POOR QUALITY B

y a ‘—",v..'."«?r?;i“&\n“‘f,f'¢~:-y R N ST R S DIPAR -

LR L llll]llllll 1 llll’llllll 1 R R

LOG

HZ

N

™~
0

ke

FREBUENLCY,

i
=l

o l=
LI

) 1
P AT pARIERG gm0 G A0 A
C a0 : LRl
T ul wdaimmise

»
e

AL

1
s aren g
a«cimn

.

L

ABA3 LONG RESPONSE

5
=

[ 1
—J=PSR

» | iz etz

Lir il 3.1 L l.l;ll’lllll 1 1 It . ]
i ——g
=l

LOG
RN |

AT e
RN

A-19



g%

vy -yomn ’ c=ma, —evorto ey )4 ARED I N - 9 nETy A g e 4 - "
BE-CT0-E2 SNTS S (TI1y TEMELLMT SoIsTid
tind} i vomti Lr a— el wie o % Ve * andd Uimdauw ¢ e ladodinil ¥ avilmimmd o)

SA=ME | N
007 ZH /AINSNESNS 5

 } 3 — LS L ] § L 3

P
YRS 24

:
J

ﬂ

ﬁ1’ull;uul T 7 llnl

ORIGINAL PAGE IS
OF POOR QUALITY

ety Lo,
z |
g

0¥LINOD 1Bay

o
-

=]

-

=

-

=
éllllL.L




ORIGINAL PAGE IS
OF POOR QUALITY

p

APB4 TANG RESPONSE

Ty U1 IIITI‘TII!II{I 1"'

1
Lo
(|
ot
8]
=
-
o >
Lt
pras
5
£
(18]
o
‘ i
™ _
)
i

0 LALRLALEE B l”” !S]

]

\l“nl bt ]----Jln

n

g

W

MON

L
[+
p >

L

LOG

&ll Lood el ‘_Llll_ll.LLllJ ] lLll

e JpART o Py

FUEESE

RUN |

A-21



R L RTTRT S
CETHTEI 2 RS HEE AT A At T S8t HR S M
!

ORIGINAL PAGE IS
OF POOR QUALITY

R

A881 CONTROL

LR R BRI Illill”llll

"llllllll 11 Illll

|l|lllllllLl b

- e % higt A e Lo SR IO X
LTRSS A Shob¥ 2 M 2

HZ

LOG

FREQUENCY /

28

e {7 G g} ond g
el

e o

=

g
STRE

o re=zd

L a
(DOEYY

=Y

*
L]
Vi

ST =
ek LuTe

E o lom [on Ry ol
A e

TR




et

A-23

EB-1330-82 3INIS 5IXH (THIgHE) TEM3iET Sgard 5
J5d3nd ENMA m

g07 ZH /AIN3INB3SuL

LJ ¥

-l

—\ L L k4

}

a0

il
NOW

2 amIAREIRERE IITH]IITH T T [llll @

by L\ 1.1.1,3[,.

2 H3
ISHOJS3Y WINUY 290y

mrertr I

1.4 1 _0i__4

f

| 4 A | | A _ 1 1 i i




)]
Q
3
'_’
1
"
x°
L3
o -
<L =
()] ﬁ‘-
fg
:
o1
(73]
o
0. |
-4
* ] LA { J
o
o)
(ol
3 %
S35 ¥ |
alon s
k o -4
E gg 3 R ¢~ i
.

INPUT-T




A-25

26 G 29°18
1662 "@EeT Qe LL 21°82
1 £+2 £ 166 MGE, 11 G2
2-is82 1 #8562 P 2P 8t 22
I ETH ['8p.) Y2 Gb G681
S @62 s 2 1b g2 21
¥ £52 G 295 129G PS ST
P 812 2 185 £9° 28 21 #1
8 221 . 4 Tokb | &2 82 a5 21 3
S 111 1 868 . = T 12711 ]
“TPT - 2 FCE 6261 ‘81 _
T 7] = 85°G1 215°s
19°89 . 8182 13°2 Ite < |
19°$2 . 11g2 | 111 B2@° 2 |
b b & £7z £0° &1 O3 nj
95°66 5 E61 2968 £38°5 i
48762 8221 b8 2 118°%
: & €9 ¥ RST - . 216'9 .29 P _
: 92°2h Z 1Pl 28 N - RBE'R
; A 8521 188°S &FSTE
g 8'€L 1211 +8 b 291 °¢
; £ B2 CEsT R | $82 "+ o182 }
1 £8°S9 I1°68 1€6°€ 2ig° 2 ]
& LR k8 £Lb°E 8e2°'2
3 8p L9 3 & SHZ° £ CES' T
3 S 18 86 €9 142 g4 1
& £t 6L T2 99 1Sk 2 $2G " 1
q G322 1 8g =123 21+ 1
3 A1°68 N £02° 1 G571
E ol 9g 18" 65 Sas" 1 1211
4 &3°88 2k’ GF A T .
) . D-MOWE . ZH-03ad ﬁ
GO 1IUM=E  "5°d 304 WES  S3NTHN MNHLI3HE MI0HS :
]

B . i &
2. KRR . )
P i . . .



R T o e R
Bl g Eret Y| bl B

e Ak,

Ry

ra.s¢s
STl

7 TS i
a

T ‘3

e
g T
e .

S
o
L ¢

b

-

ik

pe’

1-1NaHI z

JSHOCGSAY ONOT £aed

IR LI
VI A Fol ¥ TV
.

EO-MBr—F  SIXY ONO1 JIHS =92 Sod 18

R T -

CULSUBIRT TSI T

A-26



G L=3rEd JdS3y E

Y WY, %4%@? A

1 Xp \“‘QJ -
WHLNOD 1684

EO-NU—£  SHYal NOOHS 982 SDd i
N S5

A-27

-a\

m

‘82

Al .i -



e2'ttl

| 4% 824 ¢

1

8k L1

LN

8l

t+' Ll

3 S £l

b ee 2t

L cd 2l

|8 el

g I1°£1

i SO’

2 A

4 ST 21

B .
kS
£
3
%

“asel
£ 168
1 +&d
1882
& BES
5295
< 185
2 9r¥
1726
< FSE
£°91&
8 182
T 152
& Ec

G 66l

E8-HUF-E MJOHS SHYal 962 Sd3rsd

e1rey
11
STER
298X
82 2
L2 S
grcE
e’ AL
b6 +1
vl LT
55°¢t
S8 b1
S 21
86 9t
b it
LE°2T
81 'St
IG°EL
e’ 11
St ol
868 '8
2314
22E°5
6lc b
868 &
[t 24
292°1
26b° 1
11
b28°
14897
2-N3IGL

- OMT O
-
od
i

il v

IRV RAS)

60 1) 00 v P 0 00— 1)
00 Fo 03 1 ot ot 0 SF 0D = (U D00
y f,
r

o
)
~
-

11}
4
)
J

v~
Y
—
-

Eard
~

Zle’

848’
£AL”
£e2'§
118°G§
EH-034d

8
&
Ire &
2
3

:SANTEN WAALITAS HIOHS

(o6}

[aN]
]

<X




. £ L= LM

3SHOJ53Y SHOT

£

m

Q

e

E3~-HEM-2 SIXY DMNOT HHS DBZ SOd Z#

Liafese o el
ARl edaaells S

2

A-29



o

1~ 1NN <’

T

‘Bs-

L M | N
.« W0ALNOD T
, leoy

68-Nuf ¥

SIxH DNEL HOOHS SNEYl 98 S0d 14

12

.ala,llx

B
4
A

SN

v
A.

'l‘:-tn

! A N

A-30






FJUEPS SG SHOCK 4—JAN-39

P TP S R Rk L At 8 et o Lot A et AR PSS
. . . . . . R . ® . . S . . .
. . v . tet t feet t e e . .

MAGM-

rd
—

LA !

-f.

)
L
=
a
-
x
=
{ﬁ
Q.
o
N
[
Q
)

\ ORIGINAL PAGE IS
R . . OF POOR QUALITY

i

i NA-TOAUMO MO N
ﬁmmmwﬁmavmamm %mmmmﬁmmwnmﬁ
A k3 ) L -
ﬁﬁﬁﬂﬂﬂiﬁﬁﬂﬁﬁﬁ ;@vm AT AT T

k‘)lﬂ' 20 e D 1 - Ty

q-o-'-.ﬁjq-c--o

i 0 e ) ’
T 0010 e O B 0D o mmwmmmmehwwmmmwﬂm
ghg%wg mmam'amnmmﬁﬂmwmwﬁmumwﬂ'

of o pE it d g 5 o LG B ) o o
wwa~w~#ﬁmwwhmvuﬁ&ﬁﬂﬁg

1€

Mu.-ﬂmuar-mmvn-lnumv« . .

DMt =D OO RN AN Nl S

N iDL O e T i = L D F- W03 WD E3 LW 0 T WD = MDY AT

O vt vt = NSO D V?WWE”SMP\-N“F‘?G\" P\-‘:!!‘J'fm"‘-l"‘"
vt vl vl

("-”‘)‘d’lf.i@'ll: ﬁrmm-m-«-—-

et ST Oy DD DN Ee e vt [TV0 00 1 (Y

I D NP2t =N 00 et MG [ ... FOrRRl s s 2Up Nar R o) AN o8
ﬁﬁll?h‘.’t‘ H $mm~%a.vr'sm5;c;-a.m U'lHU.'JTUJ"}r‘)Hw\.Q.
f-u-u-q---.-u-n-m.lﬂlNl“)lﬁl“)ﬂ‘ﬂ’)@'ﬂr‘«f‘»(ﬂﬁﬂ g U P Ty 0 WD O0 vt
. =t vt =] =l =l O M

e vl vy 3 00



A-32

o
R
'
B!
*
-3
o f
%1
2L
ol

<4

.

<’ 1~1MNdMI T

JSHDL534 TNYL +OGY
E8-NUM—F SIAW DNYL MOOHS SNUWl 96 Sid U4




A-33

. oz p-anuN ds3d , ‘@

who ot

TR s )
Eai X

R S I b vt i 2 a0 Bt
. " * P b S .

p

p—

0diNOT TEBY ‘Bz
6B-NU-50 GINY DNUL JJ0HS D8 SDd 28

ggx, A - - ’ Ptk ®e &



ORIGINAL PAGE IS

OF POOR QUALITY

H
.
¢
.

IR - § S |

SRS -} 31 3
[T - 21 |

e e PTAY
o o PE 01
.. 88°2%
- E6TEY
‘W_.S“mﬁ

£3

: m@.Mﬁ LT
A O
ey 21

48°21
PEETY
LT

66-HU =58 MIOHS SNUNL D8 Sd3afd

e vt (%1 Q0 AD P e
PIN N3 O OO 1
=l v=d =i v=d 3 v{ i

DN N

28 €1

DN

1SIANTIVN WNALIZLS HI0HS

DTV N O M P I

he

-

D= iN
et = (NDGOI M D

1Ot O oW

0
37|
-

)N M

S9 ' bb
18°6€
8y SE
29718
21°8¢
11'G2
BL'ce
G661
82 L1
+8 CY
<l ' +1
85’21

ZH~-034

st
.
B

.

A-34



A-35

I LB 5
{ 4
: .4
[ 3
b -

o

 1-3nUM d338 ‘A

LLA-2 ARl e R 3 £ S R
S

DN A thans I L adhad e o
. . . [
febE e

0¥INOD TPak ‘a1
E5-N9r—9@ SINU DNUL JJ0HS SNodL 98 93N T#

I3

s
NV PL PR T 3 o

L

b

*



VL0

G

6
” .
v,
b1
824
. ‘ 26'6
. = o S T 19°11
1 B T Y - ge’el
I I R A SRR 8121
M e gEl
. S T R AR O LTRSS ST - 4
- o S AT T T N 38 L.
- . S e - : . O ﬁw.Mﬁ
oAt T T T U - 8221
RS T 3.~ S Pebl .
e TeEEZ . SRR - 5 "3 S . 22'98
L TEBeY i T 9y 1788
: 8Ly o P8l . S9kb
TOs Te881T o o et E1°8T - 18768
G2 R o cn L 988 - L Bp'SE
s TeseT EEN L 86 'Y .29° 18
€2RT oo T T eRTEY - dTIeE
Tocesero ey s ol s2rer o 11062
T'$6d o a9'9 . G661
te@2. . L 488y . 822
geey . vl T¥8E . . p8E]
§'E98 o onl o T 88e'e . BrkT o)
- 2'1es. o ... EBE'E v 887 el L
T VA T o 9-NOuYW ZH-ORS - A
B | 68-NYr-98 MDOHS SNYNL D8 Sd3rd  :SINWN WNNID3LS MOHS ¢

s

~

—
mﬁr»m-fn'-~.-.-'i

ol a1l
DT O M e M P v
&
N

SR

ORIGINAL PAGE IS

OF POOR QUALITY
0 e :
DOF -

Cen

S3mN

-
]

DN vttt

30 e

CHOAROORRARARRS =

FTONN TN

odin

0
0
AR

i .,. woin o B , A '
: L v PR 5 H

i . IR S T : - o
1 : : PR ST :? bt
HEK AR R oo y i M ! 4

A-36



N

AR i A g
.

werew
.

W B . : v N ' . . . . .v ' =3
H . N S “
& . . N -

JONLNDD Toew

68~-HUr-580 SIXY DNUL MIOHS SNUJL 98 D3N E#

S . L
' . L g BN oot !..

TR

o
[ g ]

AL A LA

e oo o M
A TN
ke o AA

K
o

FR O Yt
LSUWEIRTY G D)

X

A-37



~
<
INT I

Nt ®ONORNHEDA

= oud v} w4

AR —M
o+ fe 0 e
R 000D M R v

a o

.

. .m

. ORIGINAL PAGE IS
_OF POOR QUALMTY,
™
g
™M
-y

R Tt - - SN &'

T < -] SRR “Nyawm,mw.ww
81 oo o T 2rel
P8ST .. o zgret
WL . ggter

L g2 e
e Jeear o p2rer
o E718e8 . 0 0 2218
0 TEed - 9%%°9
ras. . vea’s
.89 g88 g
S¢Is 6362
e 1685, 2622

-
0
©

oL
=00

§;

o . 9-NOYM
mmuzcn:woxonxmmzamhummmuwu,mw:Ja:z:mhommwxuozwm

I U Tr d dhemabaa bl wenr st T4 dde s abrmrosbal metn sddaatiim s sl A e

: . | o Tg'sr
. .. “.. o m.m_ . u,..‘. N ..ﬂ S R - WM .m“
- CSLIIEC i fooitniee . gartel

Y - -3 S -4 S

. 8@'El

DT DINA—OMN —
™
o
Y

1271

)
11°68
eb nRd

88l

22’98
1 05
S3°¥b
$- 2
8k GE
29 1L
21762
1168
8 &2
S6°61
87 4Y
P8 51
U +1
S5 el
ZH-03¥d

| .
i
i .
P
PRl
.
x

A\'

A-38



s . : BN
o™
2t PR
w. L ! _ ] ’ _W& -
N. . _ >
z 1-3nUM J53d & N
IR - ar- -
mo . ,.1 i : o .
- g
w....
w. A 1 L l#ﬂﬂlrrb | 1 5
3 h
,. i 5
; X 4
JONINGD TOBY @I w

A4
t
!

. ow e
PO RN
RIS - T

EE-HUM-30 SIKY TIVIOVY XI0HS SNUAL D8 D3N T#



A-40

. 2F¥2°8

. m : ST NS L ™)

. £14°8

- G88°'s
942°8
- gBg’'8 ‘ ,

: L o 8883 _ L
L T P Co 926 - . SE61 o
RN TE N ) S - N o
S TR T oo k2ter o b : o
C T SR " LoD T 2 1l
S R U - 1 & SR < )
o g&'er v

T

P

A

MMT

.‘r

LA N = 10 1
ERX RN [igh]

3

m-—l-ﬂ.f_;vmu)

Tt QMNP i

ORIGINAL PAGE IS
OF POOR QUALITY

o yof el

96° 21

2y o 0 %

I T TR E N § (- ST RPN RST & § 1 EE-" %

. 888’8 . 882 .. .. . PEEL - E25G
6508 - ¢ ¢ pEEL o T2del 0 178§
68@'s . . 82y .. g2'81 . S9'bb
s8's  ‘¥8CT _ IR W) S

. z . & | :

3 £22°8 DR~ 3 ST 12°71 . 2iee

K ¥31 '8 - Tesat | | Yal- N 11°82

: 8 . g]les : PP 8L’ 22

8 S 0 : ZZe’9 65 61

w 1 88 . 289 F 82" 21

8

8

M@ O N
0D F e 00 0 v 11

e s Y
) et

o
CH
-
®

& 853 . J5°E #8°G1

| G298 | 39°'% 21 ¥l

L : e 1es , 955" 1 8521

- S-NOU ZH-034d
68-NUr—-98 S00HS SHYNL D8 Sd3rd  S3INN WANLIZLS HOOHS

Wkgﬁ , R D owam ot e ..:. : ..1 e o . ! r ghﬁ




960

A-41

sone
baa’

o 2 AN
.

. - o i 1Nk 4839 1 .

B3~

: - N L i .-.‘ blnﬂ[lll_l -11“1 el J 1 [ ] .l.

i

| I
. ‘. . | _M. RIS P ; 2 o R - H : i -  ad .
. o TR RN B R L _,, .4 u .m
3 | | w
- .M m
b | r
Fe .

!
'
)
!
|
'
'
{

.\‘ OO‘
DTS I

D

, 0 J0MINGD 180Y
65-101 —50 SI%Y T91098 JJOHS SNYSL 98 SaN ¥

i

: . i Ly c, ey - | ,. : ., - ‘ . ﬂ u
.ah" “ | - PRy o - : P Lo T A ST et § i oLk o .
.m _.L, .., .., 1S T T D O DT SRR YUNP Y v IOV FOTI, L oY PR o, i ke

,

ORISR

v
»
i
t




60

8

PAGE |s
QUALITY

ORIGINAL
OF POOR

¥

gQza

EIS'8 .
3 £84°¢ :
N @U-r._- m T
: P8 6 3
B $1c' 8

.
P

QRI0Y o= OO Prao Oy I3t 0t 1D v 03 0D
v 0L U7 e OY O 07 w2 1D N

el R R R R R RN ERS T L AR D)
-2

N
™
o
)

ran 3
.

L3

- mm ‘
NRES

——ere
belhl iy

N‘ -

N

L ]

»ad
O O Dt A DO ot vt 00 O DU P mi 00 M) P =
SIINT R OME T,
PRI RBEREAS

el
0}
Y]
in
L ]
MDD D Ol

00 0003 0 0B DO WD BDD

RIANUC £1 . ES
T 7 25 § SRR O -+
LT geste o TIES

R i

S

MM

T
3
”

, I ‘ | -

b P ; S G661

A - 2 S YA
Csips ol o0 BAG'E L 86T
T 8892 - U2T°RI

N
o))
1

“ beET1 85 'l
: o D-NDEW - ZH-D3Nd

| €8-NYM-98 HOUHS SNU¥L 98 Sd3r4  +33NTON WANLIFJS NIOHS




107
A-43

ST S e
-~

.

. . ',4.«_f

. . . |}

. ..
JEVLINL .

meswry cwiemsne o

et
dors

2 I-3n8M 4838 0 00 '@

.

KNPSO

o
[ .

OF POOR QUALITY

ORIGINAL PAGE IS

IFRSEIRNEY B RN
§ AR,

:i_;’

1 i i i 1 N B
s 3 .
. e i : ~ P
8 i it = ‘.n ; ) hw
. : -2 |
r SN
! ]

M qonine
4 F o Tiesw
| et

-
b

[

-

v Lot
o oA
dadbmisei

[
el ot AD Bt AN

(68-NUr-50  SIKY 0¥ YIOHS SNY¥L 98 S04 @ |

. .
El -
H PRI i T ' m [ [}
N . : ol R TN 2 T P R ot AT BT e : ”

o ol A R BT RECNARE IR PTITFRE S R CU e ¥ 4.:.7...._.:@??._: oo o 0




w LnTE PR T«
. €258 - oS
S21'6 & FEE o<
L £22°6 £ alz .
[ 2126 5 182 X
3 55°8 1152 ;
' 2p1°6 6 ETT )
: 8S6'6 S 661 2!
b 16 A1 8 241
: 211 b EGT ¥
ﬁ G611 2 b1
w "Z1 8- cct .
G 21 1211 :
: | T
o> | 65 E1 2b 62
g2 | ‘82z'6 . - R § -7 o mw”mw | mw.mm
Mnuu.. 1 186 S ge2d o 89 1 . Z2° 9%
- . . 181°'6 N I : 8°'cl 1°8S
mm ; £66'8 | 8221 cf "ol 8’ b
o 88s’'s ! k861 S £81 1862
Zu F 883'a | K104 SO . 85°81 ~ 8b'SE
°© ¥ 9.8'8 ' | eSSt T gepl . 29°1F.
9 8’8 R4 T - 26°11 - 21°82
. S8 ! aeat - - 628'6 11 G2 :
6£9°8 £ le8 S-S = -7 :
L. 12L'8 el 0 B 55 - T 6661
P bis'8 1/8as . R P g2 d k
' 6128 . el S SSS'¢ . $8°G7 p
. 6£S°8 \ m 295 o2 211 :

282°8 ” _ war _ .__. , : SI6° T .. 8g'el
S , UlZJaz ZH-03¥4
mwlzc_:lma MI0HS m..z.o.m._. 28 m_&u...u 83NN WNALIZLS MJ0HS

et

to - -"’-' » . .
A ICRIL TRJOCHT S TN SO 3

A




--:? —wrv-n:-vm‘-'q.'"“
A-45

: v

h P

L . !

i .5 R
{ . i

3 27 . 1-3wMdsaN i ‘@

> l r
3 ! B “
'
’ L >
4 . - ;
’ '
'
. & )
A :
— .
- ' i
3 : u _
X -
-
3
.-

 cemiemm—— .

o
-

TONLINGD
& : - 1889
| “at

R

. SRR I T T T WS
FRPTORRI IR Y X L AP RF VIS O =

68-NY-58  SIXY IOYY MJIOHS SNYNL 98 SOd 2%

- Hews s

N

V. S0
N i . . - L . . o Co - L LRI
e kRS v SR IR RREY ERGIRN PRy woper e o &/ SpEnwy spel *IFSTRE L S




LOT

. .

A-46

iy
- |1
M

Ty
" 1y

i 1
wllivs.aadien w

N
™M
™M
—
0 s

4 quwﬁw,m_;gmmw_aIumaﬁﬁmwﬁm,f. o s
; w0 copza o o

v-
™
L ]
L ]
a0 e
N DO OO OUT O e OO P Nt e
©
i
-l

Mt ih -
'.".m
0
U)
) o

| vee1 mm.m“ -

S o Bt i gpter . ot
o _mmm 8 1. -eget o o0 g . 1Bes
- e BBV g9 - epse

| B R - 1) - I

. ... Beatr.. . . e 8eIt - 2182
¢£9'8a - g'1e¢ -, . ge86 . . 1I'CE
ess'8 - T'ker - gl B

i C . €21'9 H
1°802 o Bei e 82 A1 3
84 . .

2

[\
4
i~
W

i
@
fe
2

- g B - SRR 8
5 8 m.mmm_ . gsE
. | & . @ves 0 gy seat
| H R ZH-0334
mmlzaﬁummxooxmmz«mh_ummmmwm‘“mmqu:_z:kamanuuozw"J

LM




MORTON THIOKOL. INC.
Space Operations

Appendix B

MEMO A400-FY89-139, "REDLINE TO CTP-0054, REV. C,
‘QUALIFICATION TEST PLAN FOR FIELD JOINT ENVIRONMENTAL
PROTECTION SYSTEM VIBRATION/PRESSURIZATION TEST’"

Note: The redline changes specified in this memo
have been incorporated into CTP-0054, Rev. C.
Revision C was accepted by NASA on 16 Feb
1989.

REVISION oocno. TWR-17245

] voL

SEC I PAGE

89656-1.28
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MORTON THIOKOL. INC.
Azrcspace Group

",
'

Lo, Wt
i+ .
oo
LN
(AN
e afien

o)

Space Operations

sern S Thurxal

4 January 1989
A400-FY89-139

T0: Distribution
FROM: J. D. Thirkill

SUBJECT: Redline to CTP-0054, Rev. C, "Qualification
Test Plan for Field Joint Environmental Protection

System Vibration/Pressurization Test"

NASA has already approved the redline change. However, there is one
area that was not marked up. Sheets 15 and 16 that are in question

are attached.

These changes are required to finish the vibration test on the joint
protection system hardware at T-53.

The Test Plan will be corrected for engineering traceability.

Attachments: a/s
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TABLE II
FJEPS TEST CRITERIA

TEST SPECTRUM & TOLERANCES NOTES
FLIGHT RANDOM 20 - 50 Hz @ 0.020 g, /Hz For the initial
VIBRATION 50 - 150 Hz @ +3 dB/oct. 160 seconds of
150 - 500 Hz @ 0.060 g, /Hz the vibration
500 - 2000 Hz @ -6 dB/oct. test,
2000 Hz @ 0.0038 g, /Hz pressurize the
test article
Composite =.6.9 g.,, as noted in the
Duration = 360 seconds/axis internal
pressurization
Tolerances test (section
8.1.2 A-E).
Composite Amplitude + 107
PSD Amplitude +100%, -30% ==
Frequency * 5%
Duration + 10%, - 0%
REENTRY RANDOM | 20 Hz @ 0.036 g, /hz None.
VIBRATION 20 - 180 Hz @ +6 dB/oct
(Radial Axis) .
000 -2008 FHE
4
SYsSIEw
Composite = 35.2 g.., LL0 S ~CES
Duration = 90 seconds/axis Jn Tt LRICE
ZExeLrsrs
For test tolerances, see
’ VoL -
Flight Random Vibration 758 PHAT
(above). v )P A d
(Tangential & 20 Hz @ 0.0039 g, /hz None.
Longitudinal 20 -~ 80 Hz @ +6 dB/oct
Axis) 80 -~ 275 Hz @ 0.063 g, /hz
275 - 560 Hz @ -9 dB/oct
560 - 2000 Hz @ 0.0075 g, /hz
Composite = 5.6 g,...
Duration = 90 seconds/axis
For test tolerances, see
Flight Random Vibration
(above).
Revision C CTP-0054
- .Page 15
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TABLE I1I
FJEPS TEST CRITERIA (cont.)

R

TEST

SPECTRUM & TOLERANCES

NOTES

et

VEHICLE DYNAMICS

CRITERIA
(Longitudinal
Axis)

(Lateral Axis)

(1 Sweep from low to high
frequency).

Tolerances

Peak Amplitude +20%, -10%
Frequency + 5%
Duration +10%, -0%

3.5 - 5 Hz @ 1.0 G's peak * the wvibration
5 ~ 40 Hz @ 1.0 G's peak testing,

pressurize the
test article(s)

2~ 5Hz @1.7 G's peak * as noted in the

5 ~ 10 Hz @ 0.6 G’'s peak internal

10 - 40 Hz @ 1.7 G s peak pressurization
test (section

, 8.1.2 A-E).

Sweep Rate = 3 Oct./Min.

* Design

For the initial
160 seconds of

Criteria Only.

[2

SRB WATER
IMPACT SHOCK
CRITERIA

(Longitudinal
Axis)

(Radial and
Tangential
Axis)

!0

20 G's peak,(0.0SO second;)
} ~ sine pu :

2 shocks in flight direction.
| o e — — - — == — -
0
8 G peak,(0.050 secéga,
i - sine puls®.

2 shocks in each direction.

e e e e e e mm wm e e = e e e

Tolerances {for both)

~207%

Amplitude: +407%,
+20%

Pulse Overshoot:
Duration: *+ 107

Long duration
(0.1 - 0.15 sec)
pulses are
impossible to
achieve on most
electrodynamic
shakers (0.070 -~
0.080 sec. being
about the ‘
limit). Since
the majority of
the test article
response lies in
the higher
frequency range
(compared to
these lower
frequency
pulses) the
pulse duration

effect.

Revision C
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can sed ‘
t0¢0.050 sec. PO /D
with negligible .
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