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1.0 INTRODUCTION

The Space Shuttle Redesigned Solid Rocket Motor (RSRM) static test of Qual-
ification Motor-8 (QM-8) was conducted 20 January 1989 at Morton Thiokol,
Inc., Space Operations. The QM-8 test article (see Figure 1) was the fifth
full-scale, full-duration test, ‘and the third qualification motor to
incorporate the redesigned case field joint and nozzle-to-case joint as
illustrated in Figures 2 and 3, respectively. This was the second static
-test conducted in the T-97 test facility, which is equipped with actuators
for inducing external side loads to a 360 degree External Tank (ET) attach
ring during test motor operation, and permits heating/cooling of an entire
motor. The QM-8 motor was cooled to a temperature which ensured that the
maximum propellant mean bulk temperature (PMBT) of 40° F was achieved at
firing. QM-8 was tested per Morton Thiokol, Inc. Test Plan CTP-0060,

Revision D (see Reference 1).

This final report does not include all test results, but rather, addresses
the performance of the metal case, field joints, and nozzle-to-case joint.
It focuses on the involvement of the Structural Applications and Structural
Design Groups with the QM-8 test which includes: assembly procedures of
the field and nozzle-to-case joints, joint leak check results, structural

test results, and post-test inspection evaluations.

The final test report which addresses all objectives is TWR-17591, Volume I

(see Reference 2).

TWR-17591, Vol IV
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2.0 SUMMARY AND CONCLUSIONS

2.1 Motor Performance per Instrumentation

The girth gage measurements from QM-8 fieid, factory, case, and
nozzle-to-case joints compare closely to pretest predictions. The highest
percentage differences were 8.5 percent on the FWD field joint, 6.9 percent
on the CTR field joint, 10.6 percent on the FWD cylinder to cylinder
factory joint, 5.7 percent on case segment (station 1411.5), and 19.6
percent on the nozzle-to-case joint girth gages. The overall maximum
radial growth occured in the case membrane at station 931.5, and had a
value of 0.271 inch. Several of the gage readings are questionable, or

produced no data.

The biaxial gage measurements were not consistently comparable with pretest
predictions which are discussed. in more detail in the test results
sections. The included tables can more clearly depict similarities and
differences. The maximum stress experienced by the case membrane (stations
1196 and 1466) occured in the hoop direction, 270 degrees, at station 1466,
and had a value of 145.1 KSI. In the aft field joint/ET region, a
comparison between biaxial gage test data and predicted values can be found

in TWR-19506 (Reference 3).

TWR-17591, Vol IV



The QM-8 maximum head end pressure of 872.6 psia occurred in the forward
dome at 0.656 seconds following motor ignition (see Table 31). The joint
and heater temperatures ranged between 84.9 °F to 106.7 °F prior to

ignition (see Table 32), well above the 75 °F minimum required.

The gap opening aft of the primary 0-ring was measured with an LVDT via the
45 degree leak check port for the forward field joint. LVDTs were also used
on the center and aft field joints, unfortunately the deflection data was
not generated. The forward field joint Linear Variable Displacemenf
Transformer (LVDT) measured a radial growth of 0.004 inch, which is the

same as the pretest predictions.

The maxiﬁum axial growth was 1.06 inches between stations 527.0 to 1505.0
inches which is a typical value. (see Table 33) Negative values were
experienced in the gages which spanned the joints. Evaluation of the
placement of these gage 1locations which experienced negative values
supports that these values are in error. In other words, the instrument
measured a negative value but the joint did not go negative. The

measurement was that of of instrument, and not the joint.

TWR-17591, Vol Iv



2.2 Motor Performance Per Disassembly Inspection

The detailed results of the post-test inspection of QM-8 can be found in
Section 5.0. In summary, the most significant observations made from

post-test inspection where:

0 Vhite colored material, which ran circumferentially, was
found on the aft edge of the forward field joint capture
feature O-ring at 169 degrees. More thin lines of the white
colored material vere found intermittently on the aft edge
from 164 to 167 degrees. Also small thin lines of the white
colored material were found on the capture feature metal-to-
J-leg interface (aft of the capture feature groove on the
tang J-leg) at intermittent degree locations. Lab analysis
indicated the white material was Teflon tape adhesive.
Teflon tape is used to mask the J-leg during grease
application and O-ring installation processes.

0 Inspection of the radial bolt Stat-0-Seals by the O-ring
inspection team revealed that 35 of 100 had unacceptable flow
line conditions which should have been rejected by Receiving
Inspection. Drawing No. 1U75374 defines the Stat-0-Seals to
be inspected per MIL-STD-413, which allows circumferential
flov lines no greater than 0.180 inch in length. No radial
flow marks are allowed.

At the present time there is a Stat-0-Seal inspection test
designed to qualify each inspector. This test was not in
force at the time the QM-8 Stat-0-Seal inspection occurred.

o Inspection of the nose-to-forwvard end ring revealed one very
small pressure path through the RTV of the joint interface at
355 degrees flowing circumferentially to 350 degrees before
penetrating into the metal interface. The primary O-ring
experienced no damage as a result of the pressure path. The
RTV backfill of this joint was much better than the current
application of RTV to this joint ("buttering application").
No soot or evidence of blow by was present past the primary
O-ring.

TWR-17591, Vol IV



Considering these case and seal observations were the most significant
found, QM-8 represents the fifth successful assembly and firing of a

full-scale capture feature RSRM in a horizontal configuration.

3.0 DISCUSSION

The folloving sections provide a discussion on the assembly of the field
joints and nozzle-to-case joint. A summary of the QM-8 configuration
follows:
0 Field Joints
0 RSRM design with fluorocarbon 0-rings
o0 No intentional flaws

o Joint protection system with heaters and weather seal
installed

o Adjustable vent port plugs and vent valves installed
o LVDTs installed in leak check ports
0 Case-To-Nozzle Joint

o Axial and radial bolt configuration with fluorocarbon
0-rings

o No intentional flaws

o Adjustable plug installed in vent port and a pressure
transducer installed in the leak check port

o Temperature sensors of 105 °F, + 5 °F

0 Side load actuators for inducing external side loads to the 360
degree external tank attach ring which follow the curves shown
in Pigures 4, 5, and 6.

O Three stiffener rings installed on the aft segment

0 Veather seals installed on all factory joints

TWR-17591, Vol IV
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3.1 Test Objectives

Test objectivgs, as outlined in CTP-0060, Revision D (see Reference 1)

vhich apply to any structural or seal issue, are addressed here. Explana-

tion of how each objective was met is discussed.

3.1.1 Structural

" The test objectives from CTP-0060, Revision D regarding structural perform-

ance and the corresponding results are as follows:

"ﬂ.

"J.

"K.

Certify that all RSRM seals, including adjustable vent port plug
seals in the field joints, experience no erosion or blow-by
throughout the static test" (Section 3.2.1.2, CTP-0060, Revision
D).

Post-test inspection showed that no motor gas pressurization went
past any primary seal and no erosion or heat effects were found
(see Section 5.0). Objective H was met.

Certify that the case field joint and nozzle-to-case joint seals,
if pressurized, accommodate static test motor and side load
induced structural deflections" (Section 3.2.1.2.1.a, CTP-0060,
Revision D).

Post-test inspection of the field and nozzle-to-case joints showed
that no motor gas pressurization went past the J-Leg or polysul-
fide insulation respectively (see Section 5.1.2). Objective J was
met.

Certify that the case field joint and nozzle-to-case joint seals,
if pressurized, operate when PMBT is at 40° F" (Section
3.2.1.2.1.b, CTP-0050, Revision D).

No pressure wvas seen to any field or nozzle-to-case joint seal
(see Section 5.1.2). Objective K was met.
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"M.

"w'

"X.

"Z.

"AA.

"AD.

Certify that the nozzle-to-case joint O-ring temperature is
maintained prior to static firing" (Section 3.2.1.2.1.f, CIP-0060,
Revision D).

Temperature gages located on the nozzle-to-case joint heater gave
a temperature range of 87.4 °F to 106.7 °F (see Section 4.7).
Objective M was met.

Certify that the ignition system seals, if pressurized,
accommodate static test motor structural deflections" (Section
3.2.1.2.4.a, CTP-0060, Revision D).

Post-test inspection of the igniter joints (see Section 5.3)
shoved there was no blow by past any primary gasket seal.
Objective W wvas met. -

Certify that the ignition system seals, if pressurized, operate
vhen PMBT is at 40 °F" (Section 3.2.1.2.4.b, CTP-0060, Revision
D).

Post-test inspection of igniter joints (see Section 5.3) showed
there wvas no blow by past any primary gasket seal. Objective X
wvas met.

Certify that the nozzle internal seals and the aft exit cone field
joint seals, if pressurized, accommodate static-test motor
structural deflections" (Section 3.2.1.2.5.a, CTP-0060, Revision
D).

Post-test inspection of all internal nozzle seals, which includes
the aft exit cone-to-forward exit cone field joint seals, (Section
5.4) showed there was no blov by past any primary O-ring.
Objective Z was met.

Certify that the nozzle internal seals and the aft exit cone field
joint seals, if pressurized, operate when PMBT is at 40 °F"
(Section 3.2.1.2.5.h, CTP-0060, Revision D).

Post-test inspection of all internal nozzle seals, which includes
the aft exit cone-to-forvard exit cone field joint seals (see

Section 5.4) shoved there was no blow by past any primary O-ring.
Objective AA was met.

Certify that the case is capable of containing the static-test
internal pressure" (Section 3.2.1.3.a, CTP-0060, Revision D)
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"A.

Post-test inspection of the QM-8 hardwvare (see Section 5.0) and
structural evaluation from strain gage instrumentation (see
Section 4.0) indicated no anomalous conditions. Objective AD was
met.

(Development Objective) Acquire engineering data for model
validation."

Comparisons of test data to predicted model data show a close
correlation except in the nozzle-to-case biaxial strain gages.
Discrepancies in this joint are explained in Section 4.2.2.4.

3.1.2 Adjustable Vent Port Plug Installation Fixture

Figure 7 illustrates the components which make up the adjustable vent port

plug.

Figure 8 shows how the installation fixture is used to install the

bottom section of the plug into the vent port. The qualification test

objectives regarding the vent port plug installation fixture and how the

objectives were met are discussed in this section.

"Cq.

"CR.

"CS.

Certify the performance of the Adjustable Vent Port Plug
Installation Tool as a means of installing, rotating, and torquing
the bottom section of the adjustable vent port plug" (Section
3.2.1.1, CTP-0060, Revision D).

All bottom sections of the plugs were installed correctly with the
installation tool. However, three bottom sections had to be
replaced when the tool slipped causing raised metal on the bottom
section. This problem was a result of inadequate training in the
use of the tool, not the tool design (see Section 3.5). Objective
CQ was met.

Certify that the installation fixture is efficient and does not
require special and additional tooling™ (Section 3.2.1.1,
CTP-0060, Revision D).

No addition tooling was required to install the Adjustable Vent
Port Plugs (see Section 3.5). Objective CR was met.

Certify that the use of the adjustable vent port plug installation
tool does not affect the safe and reliable use and reusability of
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"CT.

"CU.

"Cv.

"CV.

"CX.

the RSRM" (Section 3.2.1.1, CTP-0060, Revision D).

Post-test inspection of the QM-8 field and nozzle-to-case joint
vent ports revealed no anomalous conditions (see Section 5.0).
Objective CS was met.

Certify that the tool allows for a threaded installation to the
bottom section of the adjustable vent port plug" (Section
3.2.1.2.1, CTP-0060, Revision D).

There were no problems associated with the threaded installation
to the bottom section of the adjustable vent port plug (see
Section 3.5). Objective CT wvas met.

Certify that the interlocking allows for rotation and torquing of
the bottom section of the adjustable vent port plug" (Section
3.2.1.2.2, CTP-0060, Revision D).

All bottom sections of the plugs were torqued correctly with the
interlocking feature of the installation tool (see Section 3.5).
Objective CU was met.

Certify the capability of interlocking the installed installation
tool with the bottom section of the adjustable vent port plug, and
the utilization of the notch in the bottom section of the
adjustable vent port plug" (Section 3.2.1.2.2, CTP-0060, Revision
D).

All bottom sections of the plugs were installed correctly with the
installation tool. However, three bottom sections had to be
replaced vhen the tool slipped, causing raised metal on the bottom
section. This problem was a result of inadequate training in the
use of the interlocking feature, not the tool design (see Section
3.5). Objective CV vas met.

Certify that the tool is capable of applying a minimum torquing
force of 70 inch pounds to the bottom section of the adjustable
vent port plug" (Section 3.2.1.2.4, CTP-0060, Revision D).

The tool vas capable of applying the minimum required torque of 70
inch pounds (see Section 3.5). Objective CV was met.

Demonstrate that the tool is capable of being transported to the
wvork site" (Section 3.2.8, CTP-0060, Revision D).

The tool size and weight are acceptable (see Figure 8).
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3.1.3 Leak Check

The qualification test objectives regarding 1leak test performance are as

follovws:

"I.

"L.

"M.

"Y.

"AB.

"AC.

"BD.

Certify the verifiability of the RSRM seals (except for the
nozzle-to-case joint primary seal, the factory joint primary seal,
the fixed housing to aft end ring primary seal, the igniter dual
seal plugs (5 places) and the operational pressure transducer
(OPT) primary and secondary seals)" (Section 3.2.1.2, CTP-0060,
Revision D).

Certify that the case field joint and nozzle-to-case joint seal
verification does not degrade the performance or integrity of the
sealing system" (Section 3.2.1.2.1.c, CTP-0060, Revision D).

Certify that the bore seals for the center field joints are
verifiable in the proper direction" (Section 3.2.1.2.1.d, CTP-0060
Revision D).

Ceftify that the ignition system seal verification does not
degrade the performance or integrity of the sealing system"
(Section 3.2.1.2.4.c, CTP-0060, Revision D).

Certify that the nozzle internal seals and the aft exit cone field
joint seals verification does not degrade the performance or
integrity of the sealing system" (Section 3.2.1.2.5.c, CTP-0060,
Revision D).

Certify that the bore seals for the nozzle are verifiable in the
proper direction" (Section 3.2.1.2.5.e, CTP-0060, Revision D).

Certify the field joint, nozzle-to-case joint, and igniter-to-case
joint leak test compatibility™ (Section 3.2.1.8.1.1.b, CTP-0060,
Revision D).

The following is a discussion of the test objectives and test results

relating to leak testing, and evidence that the current specifications meet

the requirements of the CEI Specification.
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Objective I requires that all RSRM seals be verifiable, which, by defini-
tion in the CEI Specification, means that a leak test must be performed.
The seals not meeting this requirement have been previously identified in
Deviations RDW0526 and RDW0541 (see Reference 4). These seals include the
nozzle-to-case joint primary seal, the factory joint primary seal, the
fixed housing-to-aft end ring primary seal, the igniter dual seal plugs
(five places) and the OPT primary and secondary seals. All leak tests were
completed successfully. The leak test results are provided and discussed

in Section 3.4. Objective I was met.

Objective L requires the certification that the case field joint and
nozzle-to-case joint seal verification (leak test) does not degrade the
performance or integrity of the sealing system. This is verified by
post-test inspection. The completed inspections showv no damage or de-

gradation to the system (see Section 5.0). This objective was met.

Objective M requires the certification that the bore seals in the field
joints are verifiable in the proper direction. These data are gathered
during the leak test. When the primary-to-secondary seal cavity (V4) is
pressﬁrized to 1000 psig, the secondary seal is seated in the proper
direction. It is already in that configuration because of assembly, but
that is assured with pressure. The primary seal is moved into the "wrong"

position. Vhen the primary seal-to-capture feature O-ring cavity (V2) is
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subsequently pressurized to 100 psig, the primary seal is moved and seated
in the proper sealing direction. This seal movement is evidenced by a
pressure rise in the V4 volume, which is monitored by a pressure transducer
during the test. The pressure rise must be a minimum of 0.5 psi. Table 1
contains the results of the final leak tests, showing the pressure rises

recorded.

Based on above data, all field joint bore seals were seated and verified in

the proper direction. Objective M was met.

TABLE 1
QM-8 CASE FIELD JOINT PRIMARY O-RING MOVEMENT
FIELD *INITIAL PRESSURE |*FINAL PRESSURE
JOINT (psig) (psig)
FORVARD 0.036 3.573
CENTER 0.059 3.982
AFT © 0.063 3.366

* PRESSURE IN PRIMARY-TO-SECONDARY SEAL CAVITY DURING PRIMARY
SEAL-TO-CAPTURE FEATURE O-RING CAVITY PRESSURIZATION TO 100 psig
Objective Y requires the certification that the ignition system seal veri-
fication does not degrade performance or integrit& of the sealing system.
This is verified by post-test inspection of the seals, detailed in Section

5.4. No damage was seen because of leak testing. Objective Y was met.

Objective AB requires the certification that the nozzle internal seals and
the aft exit cone field joint seal verification does not degrade the per-
formance or integrity of the sealing system. This is verified by post-test
inspection of the seals detailed in Section 5.5. Completed inspections

shov no damage caused by leak testing. This objective was met.
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Objective AC requires the certification that the bore seals for the nozzle
are verifiable in the proper direction. This is verified by the successful
completion of a leak test. Nozzle joints 2 and 4 have the only bore seals.
The bore seals are both secondary seals, so pressurization between the
seals verifies them in the properrdirection. The pressures used for leak

testing are 920 psig and 144 psig for joints 2 and 4, respectively.

Full-scale testing on a field joint with a minimum 21 percent squeeze has
shown that approximately 65 psig is sufficient to move and seat an O-ring
in the proper direction after it was seated in the opposite direction with
1000 psig. The internal nozzle joints are designed with minimum ten per-
cent squeeze, resulting in easier movement. With the application of 144
psig and greater, it is assured the seal is seated in the proper direction.

Results of the leak tests are given in Table 2. This objective was met.

Objective BD requires the certification of the field joint, nozzle-to-case
joint and igniter-to-case joint leak test compatibility. This is accom-
plished by performing post-test inspections to determine that no damage to
the insulation was caused by leak testing, and that the insulation perform-
ed acceptably. These inspections and analyses vere performed with no
anomalous conditions found. Detailed inspection reports are found in

Section 5.0. This objective was satisfied.
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TABLE 2
QM-8 INTERNAL NOZZLE JOINT LEAK TEST RESULTS

JOINT # |MAX TEST|*ALLOVABLE LEAK |ACTUAL LEAK RATE
PRESSURE |RATE,HI/LO(sccs)| HI/LO (sccs)
£ 2 83 0.029/0.0082 0.0067/ 0.0011
#2 920 0.084/0.0082 0.0140/ 0.0053
43 740 | 0.070/0.0082 0.0060/ 0.0000
#4 144 0.053/0.0082 0.0142/ 0.0004
#5 920 0.084/0.0082 0.0065/ 0.0072

* HI = MAX TEST PRESSURE, LO = 30 psig

(#1) => FWD / AFT EXIT CONE

(#2) => FVD END RING / NOSE INLET HOUSING

(#3) => NOSE INLET HOUSING / THROAT SUPPORT HOUSING
(#4) => THROAT SUPPORT HOUSING / FWD EXIT CONE

(#5) => AFT END RING / FIXED HOUSING

3.2 QM-8 Field Joint Assembly Procedure

Assembly of the field joints proceeded in the following order:

Cleaning and greasing the joint

V-2 filler installation

O-ring cleaning, greasing, and installation
Field Joint Assembly Fixture (FJAF) installation
Application of J-seal adhesive

Joint mating

Pin installation and FJAF removal

Installation of shims

Leak test procedure
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3.2.1 Grease Application

Grease application was accomplished per STW7-2999 (see Reference 5).
Rational for the method of grease application can be found in TWR-18135,

Revision A, Section 3.1.1 (see Reference 6).

3.2.2 V-2 Filler Installation

The V-2 filler installation is fully described in TWR-18135, Revision A,
Section 3.1.2 (see Reference 6). However, the starting locations for the
lengths at 91 and 136 degrees were changed to 90 and 137 degrees to allow a
larger V-2 gap where the vent port is located. This was done to ensure the

vent port was not obstructed.

For the purpose of convenience, a cross-section drawing showing some funda-

mental dimensions is shown in Figure 9.

0.120 /“‘
"‘\ \r—f"0.075
v 0.295
0.275
0.190
0.390
Figure 9

QM-8 V2 Filler
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3.2.3 O0-Ring Installation

O-rings wvere installed per STW7-2999 (see Reference 5) which details the

O-ring installation procedures.

3.2.4 FJAF Installation and Mating

Installation procedures for the FJAF are detailed in ETP-0228, Revision A
(see Reference 6), which discusses how the FJAF is used to mate the joints

to full pin installation.

3.3 Nozzle-to-Case Joint Assembly

Assembly of the nozzle-to-case joint proceeded in the following order:

1. Fixed housing metal parts were cleaned and regreased
2. The pregreased 0O-rings were installed.

3. The fixed housing was covered to keep it clean

4. Aft dome metal parts were cleaned

5. Radial bolt hole plugs vere installed in the aft dome
6. Teflon tape was applied to the aft dome metal surface

from the insulation to approximately half wvay across the
radial hole plugs
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7. Polysulfide was mixed and applied to the aft dome.

8. Teflon tape was removed and aft dome metal surface was recleaned
then greased. Radial bolt hole plugs were checked for proper
alignment.

9. The joint was assembled vertically.

Details of the assembly procedure and radial bolt hole plug design can be

found in TWR-18135, Section 3.2 (see Reference 7).

3.4 Leak Check Tests

3.4.1 Leak Test Introduction

After each RSRM joint is assembled, a leak test is performed to determine
the integrity of the seals (excluding the factory joint seal and the flex
bearing). The leak tests usually consist of a joint volume determination
and a pressure decay test. The volume and pressure information is combined
with temperature and time data, which is collected during the test, and
used in the calculapion of a leak rate, expressed in terms of standard
cubic centimeters per second (SCCS). Each leak test has a maximum leak rate
allowed. Some specifications require only a maximum pressure decay over
time. This method has been determined as sufficient based on the small,
constant volumes, and the equivalent leak rates, which are conservative

when using all worst-case variables.

Table 3 contains a list of all joints, the Thiokol Corporation leak test
specifications, and the equipment used to test the joints. The leak tests

will be discussed in detail in Section 3.4.3
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TABLE 3

QM-8 SEAL LEAK TESTING

Joint Specification Equipment
1. Case Field Joints STW7-3447 8075902
2. Forwvard-to-Aft Exit STW7-3475 8U76248

Cone Joint
3. Nozzle Internal

- Joint 2 STW7-3476 2U129718

- Joint 3 STW7-3477 20129718

- Joint 4 STW7-3478 20129718

~ Joint 5 STW7-3320 20129718
4. Vent Port Plug STW7-3661 7U76357
5. Nozzle/Case Joint STW7-3448 2U129718
6. Case Factory Joints STW7-2747 20129718
7. Ignition System

-~ Inner/Outer Gaskets STW7-3632 2U129718

and Special Bolt
Installation

- S&A Joint STW7-3633 8U76500

— X-ducer Assembly STW7-2853 2065686

- Barrier Booster STW7-2913 2U65848

3.4.2 Leak Check Conclusions and Recommendations

Based on the satisfaction of all QM-8 objectives as discussed in Section
3.1.3, it is concluded that all leak tests currently performed on the RSRM
joints are certified for use on flight motors. These certification objec-

tives vere also satisfied during DM-9, QM-6, QM-7, and PV-1, except for the

igniter inner gasket leak test, vhich was certified on QM-7 and PV-1.

further conclusions or recommendations are reached.
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3.4.3 Leak Check Results and Discussion

The case field joint leak test results are shown in Table 4. All tests

vere performed with the 8U75902 leak test system. The "8U" system was used

to test the flight motor field joints (360L001, 360L002, and 360L003),

aft-to-forvard exit cone joints, and the S&A-to-igniter joint. The results

from the QM-8 field joint leak tests were nominal.

TABLE 4
QM-8 CASE FIELD JOINT LEAK TEST RESULTS
PRESSURE | CAVITY* | MAXTMUM LEAK ACTUAL LEAK RATES (sccs)

(psig) RATE (sccs) FWD CIR AFT
1000 P-S 0.10 0.0002 0.0693 0.0081
30 P-S 0.0082 0.0005 0.0002 -0.0003
100 P-C 0.037 0.0102 0.0124 0.0163
**0 P-S -0.037 -0.0005 -0.0006 -0.0006
30 P-C 0.0082 0.0006 0.0006 0.0001
*%(Q P-S -0.0082 -0.0002 -0.0002 -0.0002

* P-S PRIMARY-TO-SECONDARY SEAL
P-C PRIMARY SEAL-TO-CAPTURE FEATURE O-RING
** MONITOR PRESSURE RISE IN P-S CAVITY

The QM-8 ignition system leak test results are shown in Table 5. The tests

vere performed with a variety of equipment as shown in Table 3. The equip-

ment was identical to that used on the flight motors. All results were

vell within limits.
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TABILE 5
QM-8 IGNITION SYSTEM LEAK TEST RESULTS

JOINT SEAL ALLOVABLE LEAK RATE | ACTUAL LEAK RATE
(sccs), HI/LO* (sces), HI/LO
IGNITER
INNER 0.10 /7 0.0082 0.0017 / 0.0055
OUTER 0.10 s/ 0.0082 0.0123 /-0.0004
TRANSDUCER 0.10 / 0.0082 -0.0009 / 0.0000
INSTALLATION
OPT ** 10 psi IN 10 min/ 3.0/ 0.0
1 psi IN 10 min 3.0/ 0.0
3.0 /7 0.0
3.0 /7 0.0
BARRIER"
BOOSTER 1 psi IN 20 min 0.0 PsI
S&A 0.10 /7 0.0082 0.0303 /-0.0005

* HI = 1000 psig, LO = 30 psig

*k OPT’s TESTED AT 1024 psig AND 30 psig, ACTUAL LEAK RATE UNITS
ARE psi/10 min

- BARRIER BOOSTER TESTED AT 55-60 psig

Table 6 lists the results of the QM-8 nozzle-to-case joint leak test. The
20129718 equipment was used. This equipment is identical to that used on
the nozzle-to-case joints of the flight motors. All results were well

within limits.
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TABLE 6
QM-8 NOZZLE-TO-CASE JOINT LEAK TEST RESULTS

PRESSURE |CAVITY*|MAXTIMUM ALLOVABLE| ACTUAL LEAK
(psig) LEAK RATE (sccs)| RATE (sccs)
920 P-S 0.084 0.0213
30 P-S 0.0082 -0.0002
25 P-V ‘ Kk 0.140 psi/min
25 P-S° -0.0082 -0.0002
STAT-0-SEAL P-vV 0 BUBBLES/SEC 0

* P-S = PRIMARY-TO-SECONDARY SEAL
P-W = PRIMARY SEAL-TO-WIPER O-RING
** 5 psi DROP IN 5 MINUTES
" MONITOR PRESSURE RISE RATE VITH P-V PRESSURIZED

Table 2 shows the results of the internal nozzle joint leak tests. Joint
No. 1 was tested with the 8075248, S/N 006 equipment, vhile Joints 2
through 5 wvere tested with the 2U129718 equipment. The "8U" was used on
all flight motor No. 1 joints. The "2U" was used on the all flight motor

nozzle internal joints. All data vere well within limits.

Table 7 shows results of leak test performed on the vent port plugs used on

QM-8. All results were will within limits.

TABLE 7
QM-8 VENT PORT PLUGS LEAK TEST RESULTS
PRESSURE | ALLOVABLE ACTUAL LEAK RATE (sccs)
LEAK RATE
(psig) (sces) AFT CENTER FORWARD |NOZZLE/CASE
1000 0.10 -0.0055 0.0051 0.0015 -0.0015
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3.5 Adjustable Vent Port Plugs

The adjustable vent port plug (AVPP), illustrated in Figure 7, was tested
in QM-8. Four AVPPs wvere successfully installed in the case field joints
and the nozzle-to-case joint vent ports at 135 and 43.2 degrees, respec-
tively. A 20132133 (BU76549) _installation tool, shown in Figure 8, was
used to install the bottom portion of the AVPPs in the vent ports. Each
AVPP wvas installed per STW7-3499 (see Reference 8) and leak checked per

STW7-3661 (see Reference 9).

No major problems occurred during the installation of the AVPPs. Three
bottom portions were replaced when the AVVP tool slipped causing raised
metal on the bottom plug. This anomaly wvas caused from the incorrect use
of the installation tool. After training technicians in the use of the
tool, no additional problems with the tool occurred. Training should be
implemented to teach the correct use of the tool to prevent further pro-
blems with raised metal on the bottom plug. TWR-18838 (see Reference 10),

documents the procedure for correct use of the AVPP installation tool.

The AVPP installation tool worked as designed to install the bottom portion
of the AVPP into the port to the 70 in.lb maximum torque. The removal of
the tool did not affect the installed plug. In addition, the installation
process using the AVPP installation tool did not cause any damage to the
tool. Two bottom portions were replaced because the installation torques

exceeded the requirements (too much locking device). The installation
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specification STV7-3499 (see Reference 8) has provisions to remove any

plugs that exceed the initial installation torque.

Each AVPP successfully passed leak check. All were below the 0.1 sces
allovable leak rate. Actual leak rates are given in Table 7. Post-test
inspection results indicate all AVPPs vere nominal. No motor pressure
reached the AVPPs, thus, no assessment of blow by or erosion can be made on

the seals.

3.6 Squeeze Calculations

No DRs were generated on the QM-8 O-rings addressing the minimum squeeze.
All O-rings were within the drawing tolerances, therefore, all QM-8 O-ring
squeezes vwere within 1limits outlined in TWR-18811, Revision A (see

Reference 11).

4.0 TEST RESULTS

The test results monitored by Structural Applications and Structural Design
are described in this section. In most cases, actual test data are com-
pared fo predicted values for each location and are shown in the Data
Summary Tables, Tables 8 through 33. Test data from each joint are summar-
ized in these tables. Biaxial gages are presented in two tables - one to
shov the maximum strain and a comparison with predictions (wvhere applic-

able), and another to show the maximum calculated hoop and axial stress.
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The predictions included in these tables are ratioed to QM-8 pressure with
respect to gage location. The ratios were determined by multiplying the
original prediction by the ratio of the estimated QM-8 pressure to the
prediction pressure. This is done because each set of predictions were
calculated assuming a common pressure, wvhich in most cases is somewhat
larger than the actual pressure for the specific location. Therefore, by
using the ratio of the predictions to QM-8 values, a comparison can be
made. The calculation of the pressure ratio works as follows:

0 Maximum radial growth, e.g., girth strain, for a particular
location is found from test data, and the time at which it
occurred. The head end pressure at this time is determined,
and a predicted pressure drop to the gage location at this
time is found. For QM-8, the predicted pressure drops were

given in TWR-18990 (see Reference 12). Therefore, the
pressure ratio is:

Pressure Ratio = Head End Pressure - Predicted Pressure Drop
Predicted Pressure

The percent difference between analysis and measured strain data is
given by:

(Prediction)*(Pressure Ratio) - Measured x 100
Measured

4.1 Instrumentation

Instrumentation gages were placed on and close to the field and nozzle-to-
case joints to characterize joint performance. Following is a list of

gages used and their function.
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Joint Girth Gages- Measures the hoop strain for the entire 360
degree circumference. From the averaged hoop
strain, radial deflections are determined from
the product of measured (average) girth strain
and the nominal hardware radii at the corres-
ponding gage location.

Biaxial Gages- Measures local, rather than average (girth
gages) axial and hoop strains incurred in the
case during pressurization. From the strains,
stress can be calculated.

Strainserts- Added to the hollowed out heads of the nozzle-to-
case radial and axial bolts to measure initial
and final loads on the bolts in pounds.

Linearly Variable- Used to measure O-ring gap opening for the field
Differential joints via the 45 degree leak check port.
Transducer (LVDT)

Pressure Transducer- Installed in the igniter to measure head end
pressure.

Thermocouple- Instrumented on the field and nozzle-to-case
joints to monitor temperature.

Axial Deflection- Measures axial growth across the joint(s), gages
and membrane.

4.2 Field Joint Performance

QM-8 instrumentation on the field joint consisted of four girth gages
(except on the aft joint where there were none) and one LVDT per joint.
Deflection gages were placed across .each field joint to measure axial
grovth (see Section 4.8). Test results at these locations are compared to
analytical results. To predict QM-8 field joint response, a three-dimen-
sional finite element model was used for pretest predictions. The basic
model represented a one degree cyclic-symmetric slice of the case and used

friction interface elements to simulate the contact surfaces. A detailed
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description of the model can be found in TVR-17118, Supplement B, Revision

A (see Reference 13).

4.2.1 Field Joint Girth Gages

Tables 8 and 9 list
growth) of the forward and

the girth gage response (i.e., strain and radial

center field joints, and compare it with the

predictions. The results show a .strong correlation between analysis and
test data. Field joint predictions come within 8.5 percent of measured
values. -

Close study of the field joint growth behavior shows the joint is moving
outwvard with the areas furthest
This

aft ends of each joint, and the lower values closer to the pin centerline.

from the pin centerline moving the most.

can be seen from the higher radial growth values at the forward and

TABLE 8
QM-8 FORWARD FIELD JOINT GIRTH GAGE RESPONSE (Zero to 120 ‘seconds)

TEST NAME: M-8
JOINT: FWD FIELD
DESCRIPTION: JOINT GIRTH GAGES

THE TIME RANGE IS 0.0 TO 120.0 SECONDS

G\

ADJUSTED
ADJUSTED ANALYSIS DIFF IN
GIRTH RADIAL TEST ANALYSIS  RADIAL RADIAL
GAGE GAGE RADIUS GROWTH STRAIN STRAIN GROWTH GROWTH
LOCATION NUMBER STATION (IN) (IN) (UIN/IN) (UIN/IN) (IN) ( $ DIFF)
1 R303 848.5 73.1 ND ND ND ND ND
2 S677 850.2 73.5 ND ND ND ND ND
3 §965 852.6 73.5 0.157 2140 1959 0.144 -8.5
4 5621 855.0 73.1 0.175 2400 2441 0.178 1.7
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TARLE 9
QM-8 CENTER FIELD JOINT GIRTH GAGE RESPONSE (zero to 120 Seconds)

TEST NAME: QM-8
JOINT: CIR FIELD
DESCRIPTION: JOINT GIRTH GRGES

THE TIME RANGE IS 0.0 TO 120.0 SECONDS

ADJUSTED

ADJUSTED ANALYSIS DIFF IN

GIRTH RADIAL TEST ANALYSIS  RADIAL RADIAL

GAGE GAGE RADIUS GROWTH STRAIN STRAIN GROWTH GROWTH
LOCATION NUMBER STATION (IN) (IN) (UIN/IN) (UIN/IN) (IN) ( $ DIFF)

1 R304 1168.5 73.1 0.155 2118 1973 0.144 -6.9

2 5682 1170.2 73.5 0.136 1853 1880 0.138 1.4

3 5966 1172.6 73.5 0.151 2056 1915 0.141 -6.8

4 5635 1175.0 73.1 0.169 2316 2385 0.174 3.0

4.2.2 QM-8 Field Joint Radial Growth Comparisons

Tables 10 and 11, and Figures 10 and 11 compare QM-8 field joint radial
growth to that on previous flights 360L001 and 360L002; and, full-scale
static tests PV-1, QM-7, QM-6, DM-9, DM-8, and analysis. All values are
pressure ratioed to the estimated QM-8 joint pressures. Radial growth
values compare closely, considering the differences between each configu-
ration. Actual radial growth at Location 3 on all three joints is much
higher than the predictions, which is caused by the case thickness being
smaller than the thickness used in the model. Figures 10 and 11 graphi-

cally illustrate data presented in Tables 10 and 11.
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TABLE 10
FORVARD FIELD JOINT RADIAL GROVTH COMPARISONS TO QM-8

1/2 3 4

Fwd Field Girths AVERAGE JOINT PRESSURE AT MAX STRAIN = 827

STRAIN STS-27 STS-26 RADIAL GROWIH (Inches)
LC. GAGE (M8 (M-8 RIGHT LEFT RIGHT LEFT ™W-1 Q47 Q6 DM9 M-8  PRED

1 R303 ND ND ND ND ND ND ND 0.182 0.151 0.153 0.158 0.154

2 S677 ND ND ND 0.146 N 0.145 0.140 0.132 0.146 0.142 0.141

ND
3*» 5965 2150 0.157 ND 0.162 ND 0.164 ND  0.157 0.154 ND 0.155 0.144
ND

4 S621 2400 0.175 0.175 0.174 ND 0.180 0.174 0.173 0.166 0.177 0.178

* M-8 is 1/3 Inch more Fwd than the other motors
Note: All Test Radial Growths Are Ratios of (M-8 Test Pressure

TABLE 11
CENTER FIELD JOINT RADIAL GROWTH COMPARISONS TO QM-8

Ctr Field Girths AVERAGE JOINT PRESSURE AT MAX STRAIN = 799

STRAIN STS-27 STS-26 RADIAL GROWTH (Inches)
LOC. GAGE (M8 (M8 RIGHT LEFT RIGIT LEFT R-1 O%7 QM6 DM9 M-8  PRED

1 R34 2118 0.155 N N N N N N N  0.146 0.151 0.143

2 s682 1853 0.136 0.134 0.139 N 0.140 NO 0.140 0.132 0.150 0.141 0.138

3* 5966 2056 0.151 ND 0.156 0.158 ND 0.154 0.155 0.149 0.135 0.155 0.141

4 S635 2316 0.169 0.165 0.166 ND ND 0.173 0.171 0.167 0.165 0.176 0.174

* M-8 is 1/3 Inch more Fwd than the other motors
Note: All Test Radial Growths Are Ratios of QM-8 Test Pressure
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4.2.3 LVDT Gages

The O-ring gap opening for QM-8 was measured directly for the forward,
center and aft field joints via the 45 degree leak check ports. The LVDTs
vere lockwired, torque painted, and fitted tight into their respective
ports. These measurements were also taken on the JES and TPTA tests.
Figure 12 shows the actual test data for the forward field joint LVDT. The
center, and aft field joint LVDT gages produced no data. Note that a
negative value on the plot corresponds to gap opening and positive value to
gap closing. Table 12 lists the maximum measured O-ring gap openings; the
flaw, if any, to the joint; and the test pressure for QM-8, QM-7, QM-6,
TPTA-1.1, JES-3A, and JES-3B. For QM-8, the maximum field joint gage
pressure was estimated to be 833 psig, which occurred at the forward field

joint between 9 to 11 seconds.

For the JES and TPTA tests, O-ring gap measurements were taken at more than
one Location around the circumference, whereas QM-8 produced only one data
point at 45 degrees on the forward field joint. Thus, it is probable the
reading for QM-8 was not a maximum. On JES and TPTA, up to 12 LVDT
readings were taken on a particular joint. The values used in Table 12 for
the JES and TPTA tests are the measured maximums from these readings. The
largest field joint O-ring gap measured (flawed or unflawed) was 0.007 inch
(QM-6). The 0.004 inch gap opening on the QM-8 forward field joint at the

45 degree Location was the same as predicted by analysis.
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TABLE 12

O-RING SEALING GAP OPENINGS, QM-7, QM-6, JES, NJES, TPTA

Max. Max.
0-ring Gap Test Pressure ETA
Test Joint (in.) Defect (psig) Ring
Field QM-8 Fwd 0.004 None 833 360
Joints
QM-7 Fwd 0.004 None 877 360
QM-6 Fvd 0.007 None 854 360
QM-6 Aft 0.002 None 816 360
JES-3A A 0.006 None 939 270
JES-3A B 0.005 J Seal Vave 939
JES-3B A 0.004 Channel to 907 None
Feature O-ring
JES-3B B 0.005 Pressure to 907
Primary O-ring
TPTA 1.1 A 0.001 None 901 360
TPTA 1.1 B 0.006 None 901
Nozzle NJES-2A Primary 0.007 Flaw to Viper 1025
to O-ring (sav no pres.)
Case
NJES-2A Secondary No Data " 1025
0-ring
NJES-2B  Primary 0.005 Flaw to Viper 847
0-ring (sav pressure)
NJES-2B Secondary 0.002* " 847
O-ring
TPTA 1.1 Primary 0.006 " 901
O-ring
TPTA 1.1 Secondary 0.004 " 901

* Maximum Gap Aft of Secondary
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Therefore the value measured on QM-8 falls within the TPTA and JES data base

which demonstrates that the O-rings would of remained sealed if motor pressure

reached the primary O-ring. Also resiliency testing, which is an on-going study

at this time, has shown that fluorocarbon will track 0.018 inch gap opening (see

TWR-17991, Reference 14), given the following conditions:
o Assembled with 16.5 percent squeeze for 180 days. O-ring at 75
°F at the time of test.

o Assembled with 18 percent squeeze for 365 days. O-ring at 75
°F at the time of test.

o 0O-rings stored at ambient temperatures.
The lowest calculated percent squeeze for the QM-8 field joints was 21.0
percent (TWR-18811, Reference 11). Also the joint heater temperatures (see
Table 32) were in the appropriate range to assure a minimum O-ring
temperature of 75 °F. None of the field joints or the nozzle-to-case joint

vere assembled beyond 365 days before the static test was conducted.
There was no evidence of gas reaching the forward and aft field joint
O0-rings because of the effectiveness of the J-Seal insulation. Therefore,

the performance of these field joint O-rings cannot be fully evaluated.

4.3 Factory Joints

4.3.1 Forward Segment Factory Joint Girth Gage Response

QM-8 instrumentation on the forward segment factory joint consisted of four

girth gages. Table 13 lists the girth gage response for the zero through
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120 second range, and compares measured strain and corresponding radial
grovth with predicted values. Predictions were within 10.6 percent of
measured test data. As expected, the pattern of joint rotation is the same
as seen on the field joints. However, note the values of radial growth are
generally higher than the field joints. This happens because this factory
joint is nearer to the head end pressure, and the capture feature, wvhich
limits joint rotation, is not included in the factory joint design. Radial
grovth at Location 3 is higher than predicted, which was also the case in
the field joints.
TABLE 13

QM-8 FORWVARD SEGMENT FACTORY JOINT GIRTH
GAGE RESPONSE (Zero to 120 seconds)

LEST NAME: M-8

JOINT:

FWD SEGMENT FACTORY JOINT

DESCRIPTION: GIRTH GAGES

THE TIME RANGE IS 0.0 TO 120.0 SECONDS

- l
.
4
2 3
ADJUSTED
ADJUSTED ANALYSIS DIFF IN
GIRTH RADIAL TEST ANALYSIS RADIAL RADIAL
GAGE GAGE RADIUS GROWATH STRAIN STRAIN GROWTH GROWTH
LOCATION NUMBER STATION - (IN) (IN) (UIN/IN) (UIN/IN) (IN) ( % DIFF)
1 51100 688.5 73.1 0.181 2472 2360 0.173 -4.5
2 51101 690.2 73.5 0.168 2292 2179 0.160 -4.9
3 51102 692.6 73.5 0.174 2369 2117 0.156 -10.6
4 51103 695.0 73.1 0.181 2480 2354 0.172 -5.1
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4.4 Case Membrane Girth Gage Response

QM-8 instrumentation on the case membrane consisted of eight girth gages.
Table 14 lists the girth gage response and compares the measured strain and
calculated radial grovth with predicted values. Every prediction is within
5.7 percent of measured test data. The forward segment is made of standard
veight cylinders, whereas the center and aft segments are made of thinner,
lightweight cylindérs, which affect radial growth. (The attach cylinder is
standard weight, but there were no girth gages on this cylinder).

TABLE 14
QM-8 CASE RADIAL DEFLECTION, CASE GIRTH GAGE RESPONSE (Zero to 120 seconds)

TEST NAME: omM-8
JOINT: CASE RADIAL DEFLECTION

S

DESCRIPTION:  CASE GIRTH GAGES /'/2/3/4/5[6 7
THE TIME RANGE IS 0.0 TO 120.0 SECONDS [ /
il

ADJUSTED

ADJUSTED ANALYSIS DIFF IN

GIRTH RADIAL TEST ANALYSIS  RADIAL RADIAL

GAGE GAGE RADIUS GROWTH STRAIN STRAIN GROWTH GROWTH
LOCATION NUMBER STATION (IN) (IN) (UIN/IN) (UIN/IN) (IN) ( % DIFF)

1 5584 611.5 73.0 0.270 3701 3699 0.270 -0.1

2 5585 771.5 73.0 0.258 3539 3637 0.266 2.8

3 5586 931.5 73.0 0.271 3712 3574 0.261 -3.7

4 5587 1091.5 73.0 0.268 3676 3533 0.258 -3.9

5 s588 1251.5 73.0 0.265 3628 3494 0.255 -3.7

6 5589 1411.5 73.0 0.268 3665 3456 0.252 -5.7

7 s591 1637.5 73.0 0.249 3407 3434 0.251 0.8

8 5592 1757.5 73.0 0.251 3432 3445 0.252 0.4
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4.4.1 QM-8 Case Membrane Radial Growth Comparison

Analysis and data from 360L001, 360L002, QM-7, QM-6, and DM-8 (see Table 15

and Pigure 13) show that radial growth for the forward segment reduces from

the value at Station 1 to the value at Station 2, illustrating the pressure

drop down the bore of the motor. Also, a comparison with these motors

shov that the radial growth increases from Station 2 to Station 3.

ally, even though there is a pressure drop from Station 2 to 3,

Factu-

the transi-

tion from a standard weight segment to a lightweight segment overpovers the

pressure drop, and a net increase in radial growth occurs.

From Station 4

to 8 there is a drop of radial growth, vhich is illustrated in Figure 13.

TABLE 15

CASE MEMBRANE RADIAL GROVTH COMPARISONS TO QM-8

[

[]

8

I

Case Mewbrane Girths

STRAIN STS-27 STS-26 RADIAL GROWTH (Inches)
LOC. GAGE (M8 (M-8 RIGHT LEFT RIGIT LEFT P-1 Q7 Q46 DM-9 -8 PRED
1 s584 3701 0.270 0.280 0.279 D ND ND 0.289 0.275 0.268 0.284 0.270
2 S585 3539 0.258 0.266 0.270 N 0.275 W 0.275 0.262 0.271 0.282 0.266
3 S586 3712 0.271 0.284 ND ND ND ND 0.287 0.279 0.283 0.291 0.261
4 SS87 3676 0.268 0.270 ND 0.281 0.279 ND 0.288 0.273 0.279 0.292 0.258
5 S588 3628 0.265 0.268 0.268 ND ND N 0.279 0.264 ND 0.285 0.255
6 §589 3665 0.268 0.265 0.260 0.276 ND ND 0.278 0.268 ND ND 0.252
7 S591 3407 0.249 0.243 ND 0.261 0.260 ND 0.266 0.253 0.253 0.260 0.250
8 §592 3432 0.251 ND ND ERR ND ND 0.268 0.250 ND ND 0.251

NOTE: Only the predictions are pressure ratioced to Q48
Nozzle to Case Joint Radial Growth Comparisons to (-8
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4,5 Case Biaxial Stresses

4.5.1 Aft-to-Center Segment Case Line Load

QM-8 biaxial gage instrumentation consisted of two sets of gages on the
center aft segment (one on Station 1196.48 and one on Station 1466.00).
Tables 16 and 17 show the moment biaxial strains with the corresponding
predictions for the 120 second burn time. Tables 18 and 19 show the
maximum - hoop with the corresponding axial stress, and maximum axial stress

with the corresponding hoop stress for this same time frame.

Hoop predictions compared more closely with the measured values than the
gages in the axial direction, éspecially at zero and 188 degrees. The
majority of this discrepancy can be attributed to the attempt to predict
the pretest sag effects of the motor in the test stand, and the subsequent
lessening of the sag during motor pressurization. This sagging effect,
knowvn as column bending, would theoretically change motor stresses at the
zero and 188 degree locations as described:

Vhen the SRM chocks are removed, a sag in the motor

results. This causes an induced tensile axial strain at

zero degrees (bottom of the motor), and an induced com-

pressive axial strain at 188 degrees (top of the motor).

Then, just before the static-test, the biaxial gages in

these areas are set to zero. Therefore, vhen the motor

is fired, and the sag is lessened, an incorrect reading
in both the zero and 188 degree area results.
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The maximum measured stress occurred in the hoop direction at Location 2,
270 degrees. The measured value was 145.1 ksi. Using biaxial improvement,
the ultimate case strength increases from 200 ksi to 214.2 ksi (i.e., 200 x
1.071 = 214.2), giving a safety factor of 1.48. No 1local yielding was

measured.

There was relatively little difference in maximum hoop stress and the time
it occurred between Locations 1 and 2. Maximum axial stress was affected
by the induced strut loads (those occurring during the initial second of

burn time), whereas maximum hoop stress was not.

A comparison of the QM-8 strain versus time plots with those of QM-6 (which
did not have strut loads applied) §hows the QM-8 strain was greatly affect-
ed by the induced strut loads. The QM-8 axial and hoop gage plots followed
the same trend as in QM-6. Between about 51 and 60 seconds, the axial
strain shows a definite down spike at zero and 90 degrees, and an up spike,
of the same magnitude, at 188 and 270 degrees. Because gages were zeroed
prior to ignition, the propellant induced strains were ignored, thus, the
gages do not return to zero following burn time. Upon the completion of
the test, negative (compression) strain results at 200 degrees, with posi-

tive (tension) strain at 180 degrees.
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TEST NAME: oM-8
JOINT: AFT/CTR SEGMENT
DESCRIPTION:

THE TIME RANGE IS

TABLE 16
QM-8 AFT-TO-CENTER SEGMENT (STATION 1196.48) CASE LINE LOAD
MOMENT BIAXTALS (Zero to 120 seconds)

(STATION 1196.48)

0.0 TO 120.0 SECONDS

CASE LINE LOAD/ MOMENT BIAXIALS

[ /

2

TEST DATA ADJUSTED ANALYSIS
AXIAL HOOP AXIAL HOOP

ANGULAR  AXIAL HOOP STRAIN STRAIN STRAIN STRAIN DIFF DIFF

LOCAT LOCATION GAGE GAGE (UIN/IN) (UIN/IN) (UIN/IN) (UIN/IN)  AXIAL HOOP
1 0.0  R680 R679 -845 3610 288 3103 ~134.0 -14.0
90.0  R740 R739 688 3506 740 3463 7.6 -1.2
188.0  R720 R719 1148 3666 -142 m -112.4 3.0
270.0  R686 R685 726 3550 747 3459 2.8 -2.6

AVERAGE: 429 3583
TABLE 17
QM-8 AFT-TO-CENTER SEGMENT (STATION 1466.00) CASE LINE LOAD

MOMENT BIAXTALS (Zero to 120 seconds)

TEST NAME: oM-8
JOINT: AFT/CTR SEGMENT
DESCRIPTION:

(STATION 1466.00)

CASE LINE LOAD/ MOMENT BIAXIALS

THE TIME RANGE IS 0.0 TO 120.0 SECONDS

y

I/Z

I

i

- TEST DATA ADJUSTED ANALYSIS
AXIAL HOOP AXIAL HOOP

ANGULAR  AXIAL HOOP STRAIN STRAIN STRAIN STRAIN DIFF ADIFF

LOCAT LOCATION GAGE GAGE (UIN/IN) (UIN/IN) (UIN/IN) (UIN/IN)  AXIAL HOOP
2 0.0 R780 R779 -896 4193 298 3075 -133.3 -26.7
90.0 R782 R781 682 4126 715 3404 4.8 -17.5
188.0 R788 R787 983 3497 ~-145 3688 -114.8 5.5
270.0 R786 R785 781 4197 712 3404 -8.9 -18.9

AVERAGE: 387 4003
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TABLE 18
QM-8 AFT-TO-CENTER SEGMENT (STATION 1196.48) CASE LINE LOAD

MOMENT BIAXTALS, MAXIMUM HOOP STRESS (Zero to 120 seconds)
TEST NAME: oM-8

JOINT: AFT/CTR SEGMENT  (STATION 1196.48)
DESCRIPTION:  CASE LINE LOAD,/ MOMENT BIAXIALS | 2
THE TIME RANGE IS 0.0 TO 120.0 SECONDS [ /
MAX TEST DATA MAX TEST DATA
HOOP AXIAL HOOP AXIAL AXIAL HOOP AXIAL HOOP
ANGULAR HOOP AXIAL  STRESS  STRESS STRAIN  STRAIN STRESS  STRESS STRAIN  STRAIN
LOCAT LOCATION GAGE GAGE (KSI) (EST) (UIN/IN) (UIN/IN) (KST) (RSI) (UIN/IN)  (UIN/IN)
1 0.0 R679 R680 122.7 49.4 3610 342 55.1 112.9 640 3220
90.0  R739 R740 121.1 54.1 3506 520 55.6 110.0 688 3116
188.0  R719 R720 127.8 60.8 3661 671 60.9 98.5 991 2671
270.0  R68BS  R686 122.9 55.5 3550 548 57.8 113.4 726 3207
AVERAGE: 123.6 54.9 3582 520 57.3 108.7 761 3053
TABLE 19
QM-8 AFT-TO-CENTER SEGMENT (STATION 1466.00) CASE LINE LOAD
MOMENT BIAXTALS, MAXTMUM HOOP STRESS (Zero to 120 seconds)
TEST NAME: M-8
JOINT: AFT/CTR SEGMENT (STATION 1466.00)
DESCRIPTION:  CASE LINE LOAD/ MOMENT BIAXTALS | 2
THE TIME RANGE IS 0.0 TO 120.0 SECONDS / /
1
I
IRy
MAX TEST DATA MAX TEST DATA
HOOP AXTAL HOOP AXIAL AXTAL HOOP AXIAL HOOP
ANGULAR HOOP AXIAL  STRESS  STRESS STRAIN  STRAIN STRESS  STRESS STRAIN  STRAIN
LOCAT LOCATION GAGE GAGE (KSI) (ESI) (UIN/IN)  (UIN/IN) (KS1) (KSI) (UIN/IN) (UIN/IN)
2 0.0 RT79 R8O 143.1 59.3 4193 456 61.1 139.9 554 4064
90.0  R781 R782 142.2 62.7 4126 580 63.8 140.8 634 4067
188.0  R787 R788 122.1 58.0 3497 641 58.2 122.0 647 3491
270.0  R785 R786 145.1 65.2 4197 634 65.3 145.0 640 4192
AVERAGE: 138.1 61.3 4003 578 62.1 136.9 618 3954
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4.5.2 Aft Field-to-ET Attach Joint

QM-8 biaxial gage instrumentation on the aft field-to-ET attach joint
consisted of 54 gages on the aft field joint and ET attach areas. Tables
20 through 22 list the maximum hoop andraxial strains measured from biaxial
gages for the zero to 120 second burn time. Tables 23 through 25 list the
maximum hoop and axial stresses for this same time frame. The biaxial
strain gages at Locations 1, 2, and 3 are at Stations 1498, 1501, and 1511,

respectively.

The maximum measured stress occurred at Station 1498.0, Location 1 in the
hoop direction at 188 degrees, measuring a local stress of 109.8 ksi. This
maximum measured stress results in a 1.95 safety factor. The yield
strength of D6AC is 180 ksi, therefore, no local yielding was measured in
this area. A few select axial gages (R650, R714, R668, R674, R676, R716,
R678, S1182, and S1188) indicate that maximum axial stress is highly

affected by the induced strut loads.

Because of the complex nature of this area, no comparison to predictions is
given in this report. A detailed comparison is given in TWR-19506 (see

Reference 3).
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TABLF 20
QM-8 AFT FIELD-TO-ET ATTACH (STATION 1498.00)
JOINT BIAXIAL GAGES (Zero to 120 seconds)

TEST NAME: oM-8
JOINT: AFT FIELD / ET ATTACH (STATION 1498.00)
DESCRIPTION: JOINT BIAXIAL GAGES

THE TIME RANGE IS 0.0 TO 120.0 SECONDS

[ =

VaRYE

TEST DATA
AXIAL HOOP
ANGULAR  AXIAL HOOP STRAIN STRAIN
LOCAT LOCATION GAGE GAGE (UIN/IN) (UIN/IN)
1 0.0 R644 R643 1634 2413
90.0 R744 R743 1836 2432
188.0 R726 R725 2420 2556
220.0 R650 R649 2232 2460
255.0 R656 R655 2068 2424
270.0 R654 R653 1854 2460
285.0 R658 R657 2021 2400
300.0 R714 R713 1979 . 2389
320.0 R660 R659 1896 2342
AVERAGE: 1993 2431
TABLE 21

QM-8 AFT FIELD-TO-ET ATTACH (STATION 1501.00)
JOINT BIAXTAL GAGES (Zero to 120 seconds)

TEST NAME: om-8

JOINT: AFT FIELD / ET ATTACH (STATION 1501.00)
DESCRIPTION: JOINT BIAXIAL GAGES

THE TIME RANGE IS 0.0 TO 120.0 SECONDS

TEST DATA
AXIAL HOOP
ANGULAR  AXIAL HOOP STRAIN STRAIN
LOCAT LOCATION GAGE GAGE (UIN/IN) (UIN/IN)
2 0.0 R662 R661 597 2108
90.0 R746 R74S 539 2281
188.0 R728 R727 744 2262
220.0 R668 R667 863 2193
255.0 R674 R673 714 2170
270.0 R672 R671 671 2248
285.0 R676 R6TS 754 2138
300.0 R716 R71S 735 2192
320.0 R678 R677 790 2101
AVERAGE : 712 2188
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TABLE 22
QM-8 AFT FIELD-TO-ET ATTACH (STATION 1511.00)
JOINT BIAXIAL GAGES (Zero to 120 seconds)

TEST NAME: QM-8
JOINT: AFT FIELD / ET ATTACH (STATION 1511.00)
DESCRIPTION: JOINT BIAXIAL GAGES
THE TIME RANGE IS 0.0 TO 120.0 SECONDS
TEST DATA l - 2
AXIAL BOOP
ANGULAR  AXIAL HOOP STRAIN STRAIN
LOCAT LOCATION GAGE GAGE (UIN/IN) (UIN/IN)
3 0.0 Ss1176 51175 997 2060
90.0 S1178 S1177 940 2276
188.0 S1180 51179 1237 2062
220.0 s1182 51181 1327 2049
255.0 s1188 51187 1112 2095
270.0 51186 51185 1019 2076
285.0 51190 51189 1098 1981
300.0 51184 51183 1127 2106
320.0 S1192 S1191 1084 2083
AVERAGE : 896 2087
TABLE 23
QM-8 AFT FIELD-TO-ET ATTACH (STATION 1498.00)
JOINT BIAXTAL GAGES MAXIMUM HOOP STRESS (Zero to 120 seconds)
TEST NAME: M-8
SOINT: AFT FIELD / ET ATTACH  (STATION 1498.00)
DESCRIPTION: JOINT BIAXIAL GAGES

THE TIME RANGE IS

0.0 TO 120.0 SECONDS

==

/e

; D
S/T

MAX TEST DATA MAX TEST DATA

HOOP AXIAL HOOP AXIAL AXIAL HOOP AXIAL HOOP
ANGULAR HOOP  AXIAL STRESS STRESS STRAIN STRAIN STRESS STRESS STRAIN STRAIN
LOCAT LOCATION GAGE GAGE (KSI) (KSI) (UIN/IN) (UIN/IN) (KsSI) (RSI) (UIN/IN) (UIN/IN)

1 0.0 R643 R644 96.3 77.5 2413 1579 78.8 95.2 1634 2364

90.0 R743 R744 99.1 85.7 2421 1825 B6.0 98.9 1836 2410

188.0 R725 R726 109.8 106.8 2556 2420 106.8 109.8 2420 2556

220.0 R649  R650 101.3 88.9 2460 1909 93.3 85.0 2232 1864

270.0 R653 R654 100.6 86.7 2460 1843 87.0 100.5 1854 2454

255.0 R655 R656 101.7 93.8 2424 2068 93.8 101.7 2068 2424

285.0 R657 R658 100.1 90.3 2400 1971 90.5 99.8 1977 2395

300.0 R713 R714 98.9 88.1 2389 1908 88.6 97.8 1935 2345

320.0 R659 R660 96.1 83.6 2342 1785 84.8 89.7 1896 2114

AVERAGE: 100.4 89.1 2429 1923 89.9 97.6 1983 2325
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TABILE 24
QM-8 AFT FIELD-TO-ET ATTACH (STATION 1501.00)
JOINT BIAXTAL GAGES MAXIMUM HOOP STRESS (Zero to 120 seconds)

TEST NAME: M-8

JOINT: AFT FIELD / ET ATTACH  (STATION 1501.00)
DESCRIPTION: JOINT BIAXIAL GAGES

THE TIME RANGE IS 0.0 TO 120.0 SECONDS

VAR

—

- MAX TEST DATA MAX TEST DATA
HOOP AXIAL HOOP AXIAL AXIAL HOOP AXIAL HOOP

ANGULAR HOOP  AXIAL STRESS STRESS STRAIN STRAIN STRESS STRESS STRAIN STRAIN
LOCAT LOCATION GAGE GAGE {KSI) {KSI) (UIN/IN) (UIN/IN) (KSI) (KSI) (UIN/IN) (UIN/IN)

2 0.0 R661  R662 75.1 39.8 2108 532 40.6 73.6 576 2049

90.0 R745 R746 80.6 40.8 2281 506 41.5 79.9 539 2249

188.0 R727 R728 81.8 46.4 2262 684 46.5 81.5 689 2252

220.0 R667  R668 7.9 39.8 2193 507 45.6 62.7 863 1624

270.0 R671 R672 80.8 44.4 2248 627 44.4 80.8 627 2248

255.0 R673 R674 78.9 45.6 2170 689 45.6 78.9 689 - 2170

285.0 R675 R676 77.7 45.1 2138 663 45.2 76.4 699 2095

300.0 R715 R716 79.1 44.5 2192 648 45.0 72.8 735 1972

320.0 R677 R678 76.1 43.4 2101 643 46.8 73.0 790 1961

AVERAGE: 78.6 43.3 2188 613 44.6 75.5 690 2069

TABLE 25

QM-8 AFT FIELD-TO-ET ATTACH (STATION 1511.00)
JOINT BIAXTAL GAGES MAXTMUM HOOP STRESS (Zero to 120 seconds)

TEST NAME: oM-8

JOINT: AFT FIELD / ET ATTACH (STATION 1511.00)
DESCRIPTION: JOINT BIAXIAL GAGES

THE TIME RANGE IS 0.0 TO 120.0 SECONDS

ERE

MAX TEST DATA MAX TEST DATA

HOCP AXIAL HOOP AXIAL AXIAL HOOP AXIAL HOOP
ANGULAR HOOP  AXIAL STRESS STRESS STRAIN STRAIN STRESS STRESS STRAIN STRAIN
LOCAT LOCATION GAGE GAGE (KSI) (KSI) (UIN/IN) (UIN/IN) (KSI) (KSI) (UIN/IN) (UIN/IN)

3 0.0 S1175 sS1176 77.9 53.0 2060 948 53.8 76.9 986 2017

90.0 Ss1177 s1178 65.6 -5.6 2276 -897 -9.0 57.3 -924 2034

188.0 S§1179 s1180 81.0 62.4 2062 1232 62.4 81.0 1232 2062

220.0 s1181 s1182 78.7 56.5 2049 1059 58.2 59.1 1327 1368

300.0 §1183 s1184 80.7 57.2 2106 1062 57.6 79.7 1083 2069

270.0 51185 51186 78.8 54.3 2076 981 54.3 78.8 981 2076

255.0 §1187 51188 80.6 58.0 2095 1090 58.0 80.6 1090 2095

285.0 51189 51190 76.4 55.5 1981 1049 55.5 75.0 1066 1932

320.0 51191 s1192 79.2 54.9 2083 997 55.8 74.1 1084 1900

AVERAGE: 77.7 49.6 2087 836 49.6 73.6 881 1950
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4.6 Nozzle-to-Case Joint Performance

4.6.1 Nozzle-to-Case Joint

QM-8 instrumentation on the nozzle-to-case joint consisted of seven girth
gages, three biaxial gage locations, and eight strainserted axial and
radial bolts. Test results at these locations are compared to analytical
results acquired from a three dimensional finite element analysis (see

Reference 15).

The analysis was performed with the finite element code ANSYS using a 1.8
degree model of the nozzle-to-case joint. Near the joint region, the model
vas three-dimensional, transitioning into two-dimensional away from the

joint.

The following assumptions and parameters were included in the model:

o Nominal values for material properties and hardware
dimensions

o Preload of 140 kips in the axial bolts and 47 kips in the
radial bolts

o Internal pressure of 909 psig applied to the backside of the
primary O-ring groove

o Frictionless joint behavior
o Zero vectoring nozzle condition
o Propellant was not modeled
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Because thg model is cyclic-symmetric, any circumferential wvariation
indicated by test data will not be taken into account. The analysis was
performed at 909 psig, which was linearly scaled to the estimated 792 psig
nozzle stagnation pressure that involves approximately five percent error
caused by the nonlinear analysis. The estimated pressure corresponds to
the maximum strain gage readings at the time interval of 20 seconds after

ignition.
4.6.2 Nozzle-to-Case Girth Gages

‘Radial deflection is an important parameter to characterize, since it is
proportional to joint hoop stress and bolt hole stress concentration.
Table 26 shows the girth gage response from 18 to 22 seconds. This time
frame was selected to minimize the effects of vectoring. The results
compare closely to the analytical results, ranging from 10.5 to 19.6
percent. Also included in the table is the maximum radial growth for the

full duration of the test (zero to 120 seconds).

As expected, calculated radial growths indicated a "prying open" action and
outvard rotation of the joint. The maximum measured hoop strain (1778

in./in.) and radial growth (0.097 in.) occurred at Location 3.

Comparing QM-8 strain versus time plots to QM-6, it can be concluded that
the strut loads had 1little effect on strain at this location (also see

Table 27).
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TABLE 26
QM-8 AFT DOME, FIXED HOUSING NOZZLE-TO-CASE JOINT
GIRTH GAGES (18 to 22 seconds)

b2
TEST NAME: M-8 \\\\Z;Mﬂ_[
JOINT: AFT DOME, FIXED HOUSING

DESCRIPTION: NOZZLE CASE GIRTH GAGES
THE TIME RANGE IS 18.0 TO 22.0 SECONDS

3
4
5
N6
ADJUSTED
ADJUSTED ANALYSIS DIFF IN MAXIMUM
GIRTH RADIAL TEST ANALYSIS  RADIAL RADIAL RADIAL
GAGE GAGE RADIUS GROWTH STRAIN STRAIN GROWTH GROATH GROWTH
LOCATION NUMBER STATION (IN) (IN) (UIN/IN) {UIN/IN) (IN) ( § DIFF) 0-120 SECONDS
1 §880 1873.0 50.4 0.081 1598 1431 0.072 -10.5 0.087
2 s878 1876.3 50.5 ND ND ND ND ND ND
3 s877 1876.3 54.4 0.097 1778 2126 0.116 19.6 0.126
4 sS884 187S.7 54.4 0.092 1689 1999 0.109 18.4 0.120
S s887 1874.9 54.8 0.083 1520 1784 0.098 18.1 0.110
6 s875 1874.2 54.8 0.076 1394 1622 0.089 16.4 0.100
7 5874 1872.5 55.2 0.066 1193 1345 0.074 12.7 0.10S

4.6.3 Nozzle-to-Case Joint Comparison

Table 27 and Figure 14 compare the radial growth of the QM-8 nozzle-to-case
joint with the same joint configuration (radial bolt design) used in
360L001, 360L002, PV-1, QM-7, QM-6, DM-9, DM-8, and analysis. Data from
QM-8 radial growth compares closely to the other motors which again confirm
the minimal effect strut loads have on this joint as far as gap growth is
concerned. Since the 0-ring sealing surface gap growth wvas not directly
measured, it is assumed the growth is similar to that measured from

NJES-2A, NJES-2B, and TPTA-1.1 testing, and predicted by analysis.
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Table 12 above lists the maximum measured O-ring gap openings, the flaw to
the joint, and the test pressure for NJES-2A, NJES-2B, and TPTA-1.1. For
QM-8, the maximum nozzle-to-case joint pressure did not exceed any maximum
NJES and TPTA test pressures listed in Table 12 for the respective joints.
The maximum measured gap opening for the nozzie—to—case joint was 0.007

inch (primary NJES-2A). Analysis predicts 0.006 inch for the primary

0-ring.

TABLE 27

NOZZLE-TO-CASR JOINT RADIAL GROWTH COMPARISONS TO QM-8

Nozzle to Case Girths AVERAGE JOINT PRESSURE AT ‘MAX STRAIN = 793

STRAIN STS-27 STS-26 RADIAL GROWTH (Inches)
mc.mm—am—sma-rrmmen'mw-lm-7o&-6m—9 M-8  PRED

1 s880 1193 0.066 0.059 0.060 NO 0.051 0.086 0.067 0.080 0.072 ND 0.071

2 s878 ND ND 0.097 0.096 0.096 0.096 0.127 0.127 0.129 0.115 ND 0.117

3 s877 1778 0.097 ND ND ND N 0.117 0.125 0.125 ND 0.124 0.114

4 S884 1689 0.092 0.091 0.090 0.100 0.100 0.124 0.120 0.118 0.114 NO 0.107

5 s887 1520 0.083 0.083 0.081 ND ND 0.107 0.108 0.106 0.086 0.110 0.096

6 S875 1394 0.076 ND N 0.090 0.087 0.100 0.100 0.102 0.101 0.103 0.087

7 s874 1598 0.081 0.065 0.063 0.072 0.069 0.083 0.086 0.085 0.085 0.090 0.073

Note: All Test Radial Growths Are Ratios of QM-8 Test Pressure
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4.6.4 WNozzle-to-Case Biaxial Strain Gages

Previous static tests have shown the nozzle-to-case joint biaxial gages do
not compare as closely to analytical data as gages on other parts of the

motor. The reason for the variation is:

o The girth gage at Location 1 is at the neck of the fixed
housing; the 3-D model grid may not be fine enough to
accurately predict circumferential strain.

o Analytical data was linearly scaled to test data.

o Nozzle stagnation pressure was estimated to be 792 psig, but
not measured.

o Nominal materials were used for the finite element model.
o A slight variation in gage placement can greatly alter the
expected results.

Two biaxial strain gages were placed on the fixed housing and one on the
aft dome. Table 28 contains the test results for the burn time of zero to
120 seconds. Table 29 compares the test results between 18 and 22 seconds
to analytical results to eliminate effects of nozzle vectoring. As
previously mentioned, the analysis was cyclic-symmetric, which means
analytical results will be identical at 90 degree increments about the

circumference.

As showvn in Table 29, hoop strain correlated better for the gage Locations
1 and 3 than gage Locations 2. Gage readings at Locations 1 and 3 ranged
from 2.5 to 33.3 percent difference with the predictions. Gages readings
at Location 2 ranged from 18.8 to 41.0 percent difference. Meridional

strains at the three locations also varied, with the most favorable
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correlation at Location 1 (range of 2.5 to 9.3 percent difference) and the

least favorable at Location 2 (range of 18.8 to 41.0 percent difference).

Stresses wvere calculated from the biaxial strains (see Table 28). The

maximum calculated hoop stress was 41.2 ksi, and occurred at Location 3,

270 degrees. The maximum calculated meridional stress was -32.9 ksi, and

occurred at Location 2, =zero degrees. Based on the maximum calculated

stress of 41.2 ksi and an ultimate material strength of 200 ksi, the safety
factor is 4.85.

TABLE 28
QM-8 AFT DOME, FIXED HOUSING NOZZLE-TO-CASE JOINT
BIAXTAL GAGES (Zero to 120 seconds)

TEST NAME: M-8 2
JOINT: FIXED HOUSING, AFT DOME

DESCRIPTION: NOZZLE / CASE BIAXIAL GAGES

THE TIME RANGE IS 0.0 TO 120.0 SECONDS

3
MAX TEST DATA MAX TEST DATA
HOOP MERID BOOP MERID MERID HOOP MERID HOOP
ANGULAR  HOOP  MERID STRESS STRESS STRAIN STRAIN STRESS STRESS STRAIN STRAIN
LOCAT LOCATION GAGE GAGE (KSI) (RSI) (UIN/IN) (UIN/IN) (KSI) (XSI) {UIN/IN) (UIN/IN)
1 0.0 R528  RS27 -11.9 13.6 -550 589 14.3 -10.8 600 -520
90.0 R530 RS29 -14.9 9.9 -611 495 14.6 -3.0 526 -259
180.0 R532 RS531 -11.2 13.3 =521 572 14.5 -10.3 603 ~-505
270.0 R534 R533 -8.6 11.5 -416 481 13.9 -6.7 540 =376
AVERAGE: -11.7 12.1 -525 534 14.3 -1.7 567 -415
2 0.0 R520 R519 28.5 -30.3 1290 -13311 -32.9 26.9 -1404 1265
90.0 RS22 RS2l 35.0 -17.0 1367 -952 -19.5 32.4 -1010 1306
180.0 RS524 RS23 32.9 -20.0 1328 -1032 -22.4 31.5 -1098 1305
270.0 R526  RS25 29.2 -29.5 1306 -1312 -31.9 27.2 -1370 1263
AVERAGE: 31.4 -24.2 1323 ~-1157 -26.7 29.5 -1220 1285
3 0.0 R602 R60L 39.9 -16.5 1525 -989 -17.6 37.3 ~999 1452
90.0 R604 R603 40.6 -15.7 1542 -968 -17.2 34.5 -955 1353
180.0 R606  R605 40.3 -16.2 .536 -981 ~-18.2 35.9 -1002 1410
270.0 R60B  R607 41.2 -15.6 1560 -971 -17.2 37.1 -981 1440
AVERAGE: 40.5 -16.0 1541 =977 -17.5 36.2 -984 1414
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TABLE 29
QM-8 AFT DOME, FIXED HOUSING NOZZLE-TO-CASE JOINT
BIAXTAL GAGES (18 to 22 seconds)

TEST NAME: oM-8

JOINT: FIXED HOUSING, AFT DOME
DESCRIPTICON: NOZZLE / CASE BIAXIAL GAGES
THE TIME RANGE IS 18.0 TO 22.0 SECONDS

TEST DATA ADJUSTED ANALYSIS
HOOP MERID HOOP MERID
ANGULAR  HOOP MERID STRAIN STRAIN STRAIN STRAIN IDIFF ADIFF
LOCAT LOCATION GAGE GAGE (UIN/IN) (UIN/IN) (UIN/IN) (UIN/IN)  HOOP MERID
1 0.0 R528 RS527 -513 551 -554 5N 7.9 3.6
90.0 R530 R529 -465 523 -554 51 19.1 9.3
180.0 R532 R531 -482 558 -554 571 15.1 2.5
270.0 R534 R533 -416 540 ~555 570 333 5.5
AVERAGE : -469 543
2 0.0 R520 RS19 1276 -1404 1036 -829 -18.8 -41.0
90.0 R522 R521 1356 ~1021 1034 -828 -23.7 -18.9
180.0 R524 R523 1309 -1098 1036 -829 -20.9 -24.5
270.0 R526 RS25 1288 -1370 1037 -829 -19.5 ~29.5
AVERAGE : 1307 -1223
3 0.0 R602 R601 1525 -1006 1649 -848 8.1 -15.8
90.0 R604 R603 1542 -589 1651 -848 7.1 -14.2
180.0 R606 R605 1529 -1002 1650 -850 7.9 -15.2
270.0 R608 R607 1540 -985 1653 -849 7.4 -13.8
AVERAGE : 1534 -996

4.6.5 Nozzle-to-Case Strainsert Gages

The Strainserts for QM-8 were added to eight radial and eight axial bolts.
As Table 30 shows, the Strainserts at preload ranged from 40 to 54.9 kips
for the radial bolts, and 122.6 to 139.2 kips for the axial bolts. The
specification tolerances for QM-8 were 45.0, + 4.5 kips for the radial

bolts and 140.0, + 14.0 kips for the axial bolts.
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TABLE 30
QM-8 AFT DOME, FIXED HOUSING (STRAINSERT)
RADIAL STATION 1874.3, AXIAL STATION 1875.2 (Zero to 120 seconds)

JOINT: FIXED HOUSING, AFT DOME (STRAINSERT)
DESCRIPTION: RADIAL - STA 1874.3, AXIAL - STA 1875.2
THE TIME RANGE IS 0.0 TO 120.0 SECONDS

AXTAL

0-1 SEC. 12-22 SsEC.' 120-130 SEC. @920 PSIG
ANGULAR  STRESS LOAD STRESS LOAD STRESS LOAD STRESS LOAD PRELCAD LOAD
LOCAT GAGE LOCATION  (KSI) (KIPS) (KSI) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS)

RADIAL R150 358.2 78.6 40.0 75.2 38.3 75.6 38.5 77.0 39.2 46 44
RADIAL R151 45.0 85.4 43.5 80.9 41.2 80.7 41.1 84.4 42.9 46 44
RADIAL R152 88.2 8L.2 41.3 75.3 38.4 75.9 38.6 80.3 40.9 46 44
RADIAL R153 135.0 81.9 41.7 76.9 39.1 76.2 38.8 80.0 40.7 46 4
RADIAL R154 178.2 80.9 41.2 72.8 37.0 75.2 38.3 82.0 41.7 46 44
RADIAL R155 225.0 80.4 40.9 73.6 37.5 75.2 38.3 80.0 40.7 46 44
RADIAL R156 268.2 81.0 41.2 72.7 37.0 73.6 37.4 80.8 41.1 46 44
RADIAL R157 315.0 107.7 54.9 98.7 50.2 98.1 49.9 107.8 54.9 46 44
AXIAL S397 0.0 98.7 129.7 90.7 119.2 91.1 119.8 100.1 131.7 140.0 130.9
AXIAL  S401 46.8 96.6 127.0 89.6 117.8 89.0 117.0 96.1 126.4 140.0 130.9
AXIAL 5398 90.0 94.6 124.4 88.2 115.9 87.4 1149 94.1 123.8 140.0 130.9
AXIAL 5399 180.0 94.2 123.9 87.2 114.6 87.1 114.6 94.5 124.3 140.0 130.9
AXIAL S400 270.0 94.6 124.4 87.5 115.1 87.1 1146 94.4 124.1 140.0 130.9
AXIAL S402 136.8 93.2 122.6 86.3 113.6 86.5 113.7 94.2 123.9 140.0 130.9
AXIAL 5403 226.8 98.1 129.1 91.7 120.6 91.5 120.3 97.2 127.8 140.0 130.9
AXIAL S404 316.8 105.8 139.2 99.6 131.0 99.0 130.2 104.9 138.0 140.0 130.9

4.6.5.1 Axial Bolts

Eight axial bolts were replaced with Strainsert bolts (see Table 30) to
measure a tension load in the bolts. Therefore, the change in bolt load
resulting from motor pressurization was monitored during the firing. All
shoved a bolt load decrease in the range of 8.2 to 10.5 kips from zero to 1
second, 8.8 to 10.0 kips from 12 to 22 seconds, and -2.0 (positive load

recovery) to 1.3 kips from 120 to 130 seconds.
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An analysis was performed using a preload value of 140 kips in the axial
bolts. The analysis predicts a load decrease of 9.1 kips at 920 psig. The
bolt 1load drops off because of thinning of the fixed housing flange. The
flange thinning is attributable to Poisson’s effect resulting from the
flange displacing radially outva;d. The results correlate closely with

actual measured data.

4.6.5.2 Radial Bolts

The radial bolts were a primary concern of the QM-8 (see Table 30) nozzle-
to-case joint because the amount of preload in these bolts governs the
amount of delta gap opening of the joint. Delta gap controls the amount of

dynamic 0O-ring squeeze and consequently, the sealing of the joint.

Strainserts were added to eight radial bolts. Table 30 indicates the
radial Strainsert bolts decreased in load during pressurization. The load
decreased in a range between 1.7 to 4.7 kips from zero to one second, 1.5
to 5.0 kips from 12 to 22 seconds, and -0.5 (positive load recovery) to 0.8
kips from 120 to 130 seconds. The analysis, using a preload value of 46
kips, predicted the radial bolt loads would decrease by 2 kips at 920 psig.

This correlates closely with actual measured data.
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4.7 Head End Pressure and Joint Temperature

Table 31 lists the maximum measured head end pressures and the time at

vhich
field and nozzle-to-case joints immediately prior to static test.

they occurred. Table 32 gives the joint heater temperatures for the

TABLE 31

QM-8 FORVARD DOME CHAMBER PRESSURE (ZERO TO 120 SECONDS)

CIRCUMFERENTIAL MAXTMUM TIME OF
GAGE LOCATION PRESSURE MAX PRES
NUMBER (DEG) (PSIA) (SEC)
POO1 40.0 863.7 0.664
) P002 270.0 872.6 0.656
PO03 180.0 871.7 0.656
TABLE 32

QM-8 FORWARD, CENTER, AFT FIELD JOINTS AND NOZZLE-TO-CASE
JOINT AND HEATER TEMPERATURES (-10.0 to Zero seconds)

CIRCUMFERENTIAL MAXIMUM TIME OF
TEMPERATURE GAGE LOCATION TEMPERATURE MAX TEMP
LOCAT NUMBER (DEG) (DEG F) {SEC)
FWD T1001 15.0 90.4 -6.968
T1002 . 135.0 85.1 -4.984
T1003 195.0 101.1 ~9.784
T1004 285.0 92.2 -7.576
CTR T1005 15.0 86.2 -2.840
T1006 135.0 84.9 -4.280
T1007 195.0 97.7 -6.680
T1008 285.0 105.7 -9.848
AFT T1009 15.0 92.0 -4.248
T1010 135.0 87.4 -3.736
T1011 195.0 101.7 -8.984
T1012 285.0 106.7 -9.768
NOZ TO807 0.0 82.0 0.0
T0808 120.0 78.5 0.0
T0809 240.0 85.0 0.0
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4.8 Axial Growth Deflections

Several 1long wire gages were installed along the 1length of the motor (see
Figure 15), and across joints to measure the axial growth experienced in
different areas of the motor during pressurization. Table 33 shows the
maximum deflection experienced by each gage for the duration of the test.
Locations 5, 7, and 8 are all across joints, and all show a negative
deflection. Evaluation of the placement of these gage locations which
experienced negative values supports that these values are in error. In
other words, the instrument measured a negative value but the joint did not
go negative. The measurement was that of of instrument, and not the joint.

The aft field joint does not show a negative value because it has a higher

stiffness due to the stiffener rings and struts.

The largest measured axial growth was 1.002 inches and occurred between

stations 527.0 and 1505.0 (270 degrees).

It 1is interesting to note that on the other side df the motor (90 degrees)
between stations 527.0 and 1829.0, the measured axial growth was 0.406
inch. The maximums for both of these gages occurred during the ignition
transient. Since the struts are located on the 270 degree side of the
case, they had some influence in causing this difference between the two

sides of the motor.
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TABLE 33
QM-8 Axial Growth Deflections (Zero to 120 seconds)

TEST NAME: oM-8
DESCRIPTION: AXIAL GROWTH DEFLECTIONS
THE TIME RANGE IS 0.0 TO 120.0 SECONDS

FROM TO GAGE ANGULAR DEFLECTION DEFLECTION
LOCAT STATION STATION NUMBER LOCATION ( IN) ANALYSIS DIFFERENCE
1 527.0 150S5.0 D196 270.0 1.002 ND ND
2 527.0 1829.0 0027 92.0 0.406 ND ND
3 756.0 786.0 D169 80.0 6.021 0.017 0.004
4 756.0 786.0 DL75 260.0 0.016 0.017 0.001
5 850.0 850.0 D321 86.0 ~0.018 ND ND
6 916.0 946.0 D168 80.0 0.028 0.014 0.014
7 1010.0 D386 86.0 -0.004 0.004 0.008
8 1170.0 D352 86.0 -0.012 0.023 0.035
9 1236.0 1266.0 D170 80.0 0.028 0.013 0.015
10 1490.0 D383 82.0 0.006 0.021 0.015
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5.0 DISASSEMBLY TNSPECTTON RESULTS

Structural Applications Design Engineering performed a post-fire evaluation
of the QM-8 external case, field joints, internal nozzle joints, nozzle-to-
case joint, the igniter and safe and arm joints, and the factory joints.
The case and seals post-fire condition will be discussed vith references
made to the inspection forms found in the Evaluation Plan (see Reference

16), and the engineering evaluation limits plan (see Reference 17).

Following the initial O-ring inspection at time of disassembly, the O-rings
vere inspected by a specifically organized team made up of personnel from
Structural Applications, Liaison/Problem Reporting, and Quality Assurance.
The team function was to inspect the O-rings for damage which may have
occurred during the static-test, assembly, or disassembly; and damage which
may have gone undetected during disassembly inspection. Records are kept
on each O-ring and gasket so that the seals may be tracked for possible

reuse.

The following guidelines have been established to classify O-ring,
Stat-0-Seal and corrosion damage found from post-flight test inspections.
These guidelines were established so that each inspection database will be
consistent and not be confusing or misleading. Some of these definitions

are used in this document.
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O-RINGS AND STAT-0-SEALS

Cut:

Scratch:

Nick:

Gouge:

Circumferential
or Radial Flovline:

(i) Closed:
(ii) Separable:
(iii) Open:

Hard Inclusion:

Porosity/Soft Inclusion:

Extrusion Damage:

Heat Effect:

Erosion:

Vidth, essentially zero (have to
open up to find the damage), and
depth greater than 0.005 inch.

Vidth less than 0.005 inch and
depth less than 0.005 inch.

Vidth less than 0.020 inch, but
greater than 0.005 inch; and depth
less than 0.010 inch, but greater
than 0.005 inch.

Width greater than 0.020 inch and
depth greater than 0.010 inch.
Visible evidence of incomplete flow

or knit of -the material.

Tightly adhered, not separable,
does not open when lightly probed.

Visually appears closed. Separates
wvhen lightly probed.

Obvious separation or gap.
Foreign material enclosed in the
seal material.

An air pocket enclosed in the seal
material.

Seal material pinched and/or cut
due to an overfill condition.

Glossy and/or hardened seal surface
due to hot gas impingement.

Seal material missing due to hot
gas impingement or blow by.
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CORROSTION

Light Corrosion: Can be wiped off by hand. Surface
discoloration.
Medium Corrosion: Cannot be wiped off by hand without

the use of a Scotch-Brite material,
methyl chloroform, or grease soaked

rag.

Heavy Corrosion: Starting to penetrate into the
metal surface such that pitting
and/or metal material is
significantly eroded.

The followving sections contain the details of each joint at disassembly and

subsequent seals examination by the Inspection Team.

5.1 External Walk Around

The external inspection of the fully assembled hardware at T-97 was per-
formed on 21 January 1989 (see pages A-1 through A-5, Appendix A). The
inspection included the case acreage, all field and factory joints, the
igniter, and nozzle-to-case joint. The stiffeners and ETA ring bolts were

also inspected. No anomalous conditions were encountered.

5.2 Pield Joint Disassemblies

The QM-8 field joint configuration is shown in Figure 2. Joint conditions
vere as expected; there wvas no field joint O-ring damage found by

inspection at the time of disassembly. The V2 filler did not obstruct the

TWR-17591, Vol IV

71



leak vent ports at 135 degrees. No corrosion vas Ffound on any field

joint. Detailed inspection results are documented below.

5.2.1 Porwvard Field Joint

The QM-8 forward field joint was disassembled on 8 February 1989 (see pages
A-6 through A-10, Appendix A). The overall condition of the joint was
excellent. No hot gas or soot was observed past the J-leg. There was no
evidence of damage to the O-rings while in the grooves. Inspection of the
O-rings by the O-ring Inspection Team revealed a 13.5 inch circumferential
scratch running from 1.6 to 12.6 degrees (see page A-10, Appendix A). The
depth of this scratch is indeterminable (very shallow). Scratches of this
nature have been found on PV-1, Flight 360L001 and 360L002 O-rings. The
cause is suspected to be from cleaning the O-rings before final inspection.
No damage was found by the O-ring Inspection Team on the primary or

secondary O-rings.

There was no corrosion found on either the tang or clevis. The grease
condition was per STVW7-2999 on the sealing and non sealing surfaces. The
V2 volume filler vas in a nominal condition. Metal pinhole slivers were
found in the bottom of the inner clevis leg pinholes in the following
locations: 52, 54, 58, 60, 62, 232, 282, 286, 288, 290, and 292 degrees.

This is a common occurrence. No other metal damage was found in the joint.
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A long thin line of white colored material was found on the aft edge of the
capture feature O-ring at 169 degrees. More thin lines of the white
colored material wvere found intermittently on the aft edge from 164 to 167
degrees. The long thin line at 169 degrees was approximately 0.400 inch
long. All thin lines of the white colored material ran circumferential on
the O-ring. Lab analysis of a sample of the material indicated that it was
Teflon tape adhesive. Teflon tape is used to mask the J-leg insulation

during grease application and O-ring installation processes.

Small thin lines of Teflon tape adhesive were also found on the capture
feature metal-to-J-leg interface (aft of the capture feature groove on the
tang J-leg) at 153, 178, 180, 227, 228, and from 230 to 233 degrees. All
thin lines of Teflon tape adhesive ran circumferentially on the joint
except for the lines at 178 degrees. On the clevis, Teflon tape adhesive
wvas found on the top of the J-leg (near the inner clevis leg metal) at 138,
150, 152, 178, 180, and from 162 to 165, 167 to 170, 230 to 234, and 252 to
254 degrees. As on the tang, all Teflon tape adhesive ran circumferen-

tially on the joint except for the lines at 178 degregs.

5.2.2 Center Field Joint

The QM-8 center field joint was disassembled on 7 February 1989 (see pages
A-11 through A-14, Appendix A). The overall condition of the joint was
excellent. No hot gas or soot was observed past the J-leg. There was no

evidence of damage to the O-rings while in the grooves. Inspection of the
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0-rings by the O-ring Inspection Team revealed a similar 13.5 inch circum-
ferential scratch as on the forwvard field joint capture feature O-ring.
This scratch is also located on the capture feature O-ring and ranges from
4.7 to 15.7 degrees (see Page A-14, Appendix A). A series of radial
scratches measuring 0.150 inch long was found on the capture feature 0-ring
at 345.8 degrees. The depth‘of>these scratches is approximately 0.001
inch. No damage was found by the O-ring Inspection Team on the primary or

secondary O-rings.

There vas no corrosion found on either the tang or clevis with the excep-
tion of what appeared to be a very light thin line of corrosion wvhich
crossed the landing between the O-ring grooves at 134 degrees. The grease
on the O-rings was intermittently heavier than prescribed in STW7-2999.
Hovever, the grease was heavier on the aft side of the primary and second-
ary O-rings. It vas determined this grease wvas viped from the inner tang
(pin hole region) during disassembly. The grease condition was per STW7-
2999 on the sealing and nonsealing surfaces. The V2 filler was nominal.
There was no joint metal damage observed. A metal pin hole sliver was found

in the 268 degree pin hole. This is a common occurrence.
5.2.3 Aft Field Joint

The QM-8 aft field joint was disassembled on 4 February 1989 (see pages
A-15 through A-17, Appendix A). The condition of the joint was excellent.

No hot gas or soot was observed past the J-leg Insulation. There was no
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evidence of damage to the O-rings wvhile in the grooves or found by the
O-ring Inspection Team. There was no corrosion found on either the tang or
clevis. The pin hole at 136 degrees had a small metal pin hole sliver in
it, which fell on the aft face of the secondary O-ring during joint
disassembly operations. Otherwise, no apparent metal damage was found

during the inspection.

The grease on the 0O-rings and sealing areas was as prescribed in STW7-2999,
except not enough grease covered the clevis root from 232 to 282 degrees.
There was a small amount of foreign material which had fallen onto the

joint during or after disassembly.

5.3 Nozzle-to-Case Joint

The QM-8 nozzle-to-case joint (see Figure 3) was disassembled on 13 Febr-
uary 1989 (see pages A-18 through A-22, Appendix A). The overall condition
of the joint was excellent. No hot gas or soot was observed past the

polysulfide. There was no corrosion or metal damage found.

No O-ring damage was found during the in-groove inspection. A heavy rub
mark was found on the primary O-ring at 354.6 degrees. This occurred on
disassembly because the radial bolt hole plug at 354.6 degrees was in the
bottom of the bolt hole. A heavy impact ﬁark vas found on the top of the
plug. The plug appeared to be in this condition before disassembly. Ins-

pection of the O-rings by the O-ring Inspection Team revealed one scratch
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on the primary O-ring and one scratch, one cut, and one nick on the wiper
0-ring (see pages A-20 and A-21, Appendix A). This damage wvas caused by
disassembly; these are located within close proximity to radial bolt hole
locations. Also, the charred surface of the nozzle was not covered with
plastic prior to O-ring removal. No damage was found on the secondary

O0-ring by the 0-ring Inspection Team.

Polysulfide migrated past the wiper O-ring through the vent slots around
the entire circumference of the joint. The grease condition was per

STW7-2999 on the O-rings and sealing surfaces.

Inspection of the radial bolt Stat-0-Seals revealed that 35 of 100 had
unacceptable flow 1line conditions which should have been rejected by
Receiving Inspection. Drawing No. 1U75374 defines the Stat-0-Seals to be
inspected per MIL-STD-413, which allows circumferential flow 1lines no
greater than 0.180 inch in length. No radial flow marks are allowed.
Presently there is a Stat-0-Seal TRACS class and inspection test each
inspector must pass to qualify to perform an inspection. This class was

not in force at the time of the QM-8 Stat-0-Seal inspection.

5.4 Igniter Joints

Figures 16 and 17 illustrate the Igniter and S & A seals and components,

respectively. Post-test inspections were performed on the ignition system
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5.4.1 Safe and Arm Joint

The post-fire evaluation of the QM-8 Safe and Arm-to-Igniter joint was
conducted on 9 February 1989 (see pages A-23 through A-26, Appendix A). No
evidence of hot gas or soot vas pbserved past the primary seal. The S&A
gasket and all sealing surfaces were visually inspected. No erosion or
heat effects were observed. Soot was found around the circumference of the
gasket retainer, inward of the primary seal, but not past. Detailed
inspection at also showed the gasket to be in excellent condition with no
seal damage observed. The sealing surfaces were in good condition with no
evidence of contamination or corrosion. No corrosion or damage was found

on the Barrier-Booster (S&A) or igniter adapter.

5.4.2 OQuter Joint

The QM-8 igniter adapter-to-forward dome joint was disassembled on 1 March
1989 (see pages A-27 through A-29, Appendix A). A blowhole occurred through
the igniter exterior putty at 15 degrees. No seal erosion or heat effects
vere observed. No soot was found to or past the primary seal. No soot was
found on either side of the gasket retainer. Heavy soot deposits were found
on the inside edge of the gasket, covering the entire circumference. No
corrosion or joint contamination was found upon inspection of the sealing

surfaces. Detailed inspection of the gasket by the O—ring Inspection Team
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revealed missing material in the outer void area and a nick on the inner
bottom edge of the primary seal at 337 degrees (see page A-29, Appendix A).
However, the nature of this damage suggested disassembly or handling after
disassembly as the cause. Another nick was found on the crown of the
secondary seal at 359 degrees (see page A-29, Appendix A). This nick is

vithin the acceptable limits set forth by STW7-2790 (see Reference 18).

5.4.3 Inner Joint

The QM-8 adapter-to-chamber joint was disassembled on 5 May 1989 (see pages
A-30 through A-32, Appendix A). No soot was found on either side (top and
bottom) of the gasket retainer. Heavy sooting was present on the outside
edge of the gasket because of the blowhole in the outer joint putty lay-up
at 15 degrees. No blovhole was present in the inner putty lay-up, and no
contamination was found on the sealing surfaces. Typical disassembly
detorque damage was observed on the stat-o-seals. No damage was observed

on the gasket seals.

5.5 Internal Nozzle

The internal nozzle joints are illustrated in Figures 18 through 22.
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5.5.1 Aft Exit Cone Field Joint (Joint 1)

The aft exit cone-to-forward exit cone of QM-8 was disassembled and
inspected on 30 January 1989 (see pages A-33 through A-34, Appendix A).
The seals and case inspection included the sealing surfaces, seals, and
joint metal components. No anomalous conditions were encountered. There was
no evidence of damage to the O-rings while in the grooves, or found by the
0-ring Inspection Team. There were no voids in the RTV which would allow
pressure to reach the primary O-ring. The grease application wvas per design

with no areas of corrosion found.
5.5.2 Porwvard End Ring-to-Nose Inlet Housing (Joint 2)

The nose-to-forwvard end ring was disassembled and inspected on 15 February
1989 (see pages A-35 through A-37, Appendix A). The primary O-ring
experienced pressure, but no apparent damage to the O-ring was found.
Inspection of the O-rings by the O-ring Inspection Team revealed a 2.67
inch indeterminable depth circumferential scratch on the primary O-ring
similar to the scratches found on the forwvard and center field joint
capture feature O-rings (see page A-37, Appendix A). No damage was found on

the secondary O-ring by the Inspection Team.

Inspection of the joint revealed one very small pressure path through the
RTV of the joint interface. The pressure path started at 355 degrees and

floved circumferentially to 350 degrees before penetrating into the metal
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interface of the joint. The RTV backfill of this joint was much better than
the current application of RTV to this joint ("buttering application"). No
soot or evidence of blow by was present past the primary O-ring. The

sealing surfaces suffered no assembly or disassembly damage.
5.5.3 Nose Inlet Housing-to-Throat Support Housing (Joint 3)

The nose-to-throat was disassembled and inspected on 15 February 1989 (see
pages A-38 through A-41, Appendix A). There was no joint pressurization,
and the 0-rings did not have any apparent damage at the time of disassem-
bly. Inspection of the 0-rings by the O0-ring Inspection Team revealed two
scratches on the primary O-ring and one on the secondary O-ring (see pages
A-40 and A-41, Appendix A). This joint showed no signs of pressure past the
RTV; i.e., heat-effected grease, soot, or an RTV void. The sealing surfaces

showved no assembly or disassembly damage.
5.5.4 Forvard Exit Cone-to-Throat Support Housing (Joint 4)

The forward exit cone-to-throat support housing was disassembled on
14 February 1989 (see pages A-42 through A;44, Appendix A). The primary
O-ring experienced pressure, but no damage to the O-ring was found. No
damage to the primary or secondary O—rinés vas found during the in grooves
inspection or by the O-ring Inspection Team. Inspection of the joint
revealed one pressure path through the RTV backfill at 205 degrees. The

sealing surfaces suffered no assembly or disassembly damage.
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5.5.5 Fixed Housing-to-Aft End Ring (Joint 5)

The aft end ring-to-fixed housing joint was disassembled on 14 February
1989 (see pages A-45 through A-47, Appendix A). There was no joint
pressurization, and the in-groove O-ring inspection revealed no damage.
Inspection of the O-rings by the O-ring Inspection Team also revealed no
damage. This joint showed no signs of pressure past the RTV; i.e.,
heat-effected grease, soot, or an RTV void. There was no sealing surface

damage.

5.6 Factory Joints

Post test inspection findings of the QM-8 factory joint O-rings and joint

metal components are discussed in this section.
5.6.1 Disassembly of QM-8 Forward Dome and Forward Segment Factory Joints

The forvard segment of QM-8 was disassembled on 24 April 1989 .(see pages

A-48 through A-53, Appendix A).

5.6.1.1 Forvard Dome-to-Cylinder Factory Joint

No corrosion vas observed on the outer clevis leg or in the joint areas

including the tang. No scratches were observed in any joint area.
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Very excessive insulation and Chemlok were on the land forward of the
primary O-ring groove intermittently throughout the circumference of the
joint. The leak check port plug vas removed in the previous log, therefore
the break-away torque was not observed or a preliminary inspection
completed. Inspection of the port threads revealed they vere in nominal
condition but had no grease on them. Preliminary inspection of the O-rings
shoved nominal condition. The O-ring Inspection Team reported no O-ring

damage.

5.6.1.2 Forvard Segment Cylinder-to-Cylinder Factory Joint

No corrosion was observed on the outer clevis leg or in the joint areas

including the tang. No scratches vere observed in any joint area.

Very excessive insulation and Chemlok were on the land forward of the
primary O-ring groove intermittently throughout the circumference of the
joint. The leak check port plug break-away torque was not recorded. The
port plug head was partiallyvcovered with residual wveather seal. Also,
scratches were present on the port plug head, which is typical due to the
veather seal removal. The port plug and port threads were in nominal
condition with a light coat of greaﬁe én them. Preliminary inspection of
the O-rings shoved nominal condition. The O-ring Inspection Team reported

no O-ring damage.
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5.6.2 Disassembly of QM-8 Center Forward Factory Joint

The QM-8 center forward factory joint was disassembled on 9 May 1989 (see
pages A-54 through A-56, Appendix A). No corrosion was observed on the
outer clevis leg or in the joint areas including the tang. No scratches

were observed in any joint area.

Insulation and Chemlok were on the land forwvard of the primary O-ring

groove intermittently throughout the circumference of the joint.

The 1leak check port plug break avay torque was not recorded because the
port plug had been removed in the previous log. Inspection of the port
hole was difficult because of the amount of grease in the port, but it
showed a nominal condition. The excessive amount of grease was present in
the port as a normal preservative operation during the disassembly effort.
Preliminary inspection of the O0-rings showed nominal condition. The

O-ring Inspection Team reported no O-ring damage.

5.6.3 Disassembly of QM-8 Center Aft Factory Joint -

The QM-8 center aft factory joint was disassembled on 14 April 1989 (see
pages A-57 through A-59, Appendix A). Inspection of the outer clevis leg
showved no corrosion. Light corrosion was observed downstream of the

secondary O-ring groove through the clevis root and up the inside surface
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of the outer clevis 1leg in the entire circumference of the joint. Light
corrosion was observed on the tang downstream of the sealing surface on the
"entire circumference of the joint. No scratches were observed in any joint

areas.

A particle of foreign material was observed between the forward wall of the
primary O-ring groove and the primary O-ring at seven degrees. A labora-
tory analysis showed the particle to be aluminum oxide material with resi-
dual combustion by-products. It was determined that this particle fell
into the joint during disassembly and remains an observation. A presenta-

tion was made to the EMT and RPRB for concurrence with this conclusion.

Insulation and Chemlok were on the land forward of the primary O-ring
groove intermittently throughout the circumference of the joint. The leak
check port plug was removed in the previous log so the break—avéy torque
vas not observed or an inspection done. The port threads were in nominal
condition but had no grease on them. Preliminary inspection of the O-rings
shoved a nominal condition. The O-ring Inspection Team also revealed no

findings.
5.6.4 Disassembly of QM-8 Aft Segment Factory Joints

The QM-8 aft segment was disassembled on 2 and 3 March 1989 (see pages A-60

through A-68, Appendix A).
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5.6.4.1 Aft Segment Dome-to-Stiffener Joint

Intermittent spots of light to medium corrosion were observed on the
outside of the outer clevis leg. No corrosion was observed in the joint.

Scratches were observed on the land between the 0O-ring grooves at 8, 22,
24, 26, 28, 30, 34, 36, 38, 40, 44, 304, 306, 308 to 316 and 346 degrees.

Scratches and pits were observed on the inside of the tang downstream of
the seal surface to the chamfer at 302 to 346 degrees. Insulation and
Chemlok were on the land forward of the primary O-ring groove and in
contact with the forvard edge of the primary O-ring intermittently

throughout the circumference of the joint.

The initial inspection of the port hole was difficult because of the amount
of grease in the port but it shoved a nominal condition. The excessive
amount of grease was present because the port plug had been removed in the
previous log. Thus the grease was put in the port as a normal preservative

operation during the disassembly effort.

Preliminary inspection of the O-rings showed a nominal condition. The A-2

O-ring Inspection Team also revealed no findings.

5.6.4.2 Stiffener-to-Stiffener Factory Joint

Intermittent spots of 1light to medium corrosion were observed on the

outside of the outer clevis leg between 271 to 137 degrees. Light
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corrosion was observed downstream of the secondary groove at 17 to 21, 32,
36 to 45, 84, and 147 to 175 degrees. Scratches were observed on the land

between the O-ring grooves at 358 degrees.

Insulation and Chemlok were on the land forwvard of the primary O-ring
groove and in contact with the forvard edge of the primary O-ring

intermittently throughout the circumference of the joint.

The initial inspection of the port hole was difficult because of the amount
of grease in the port but it showved a nominal condition. The excessive
amount of grease wvas present because the port plug had been removed in the
previous 1log. Thus, HD-2 grease was put in the port as a normal

preservative operation during the disassembly effort.

Preliminary inspection of the 0O-rings showed a nominal condition. The

O-ring Inspection Team also revealed no O-ring damage.

5.6.4.3 ET-to-Stiffener Factory Joint

Intermittent spots of light to medium corrosion were observed on the
outside of the outer clevis leg. Light corrosion wvas observed in the
clevis bottom at 101 to 107 degrees. Scfatches vere observed on the land
between the O-ring groove at 18, 24, 38, and 316 degrees. Scratches vere
also observed on the land forward of the primary O-ring groove at 38 and

316 degrees.
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Insulation and Chemlok were on the land forvard of the primary O-ring
groove and in contact with the forward edge of the primary O-ring

intermittently throughout the circumference of the joint.

The initial inspection of the port hole vas difficult because of the amount
of grease in the port, but it shoved a nominal condition. The excessive
amount of grease vas present because the port plug had been removed in the
previous log. Thus HD-2 grease was put in the port as a normal

preservative operation during the disassembly effort.

Preliminary inspection of the O-rings shoved a nominal condition. The

0-ring Inspection Team also revealed no O-ring damage.

5.7 Port Plug Evaluation

Only recently, a detailed evaluation of all port plugs and port plug seals
have been evaluated by the O-ring Inspection Team (see pages A-69 through
A-98, Appendix A). On past full-scale static tests (PV-1, QM-7, QM-6) the
emphasis was focused mainly on the custom and adjustable plugs which wvere
in the design and qualification phases. Inspection forms and engineering
evaluation 1limits have since been added to the PEEP and PEEL documents,
respectivel& (see References 17 and 18).'Since there are so many port plugs
in the RSRM, no attempt is made to discuss the post-test inspection
findings of each plug. However, it can be stated that no gross unexpected

conditions were encountered.

TWR-17591, Vol IV

94



Copies of the completed PFORs (Post Fire Observation Records) are presented

in Appendix A.

It should be noted that there were no port plugs installed in the 45 degree
leak check ports of the field joints, and the 262.5 degree leak check port
of the fixed housing-to-aft end ring (Nozzle Joint 5). There vere pressure
transducers installed in these ports. Also the leak check port plugs from

the igniter inner and outer joints were not received.

5.8 Seals Component Program Team Recommendations

The Seals Component Program Team has reviewed all observations presented in
this document and have determined that the following observations are
potential anomalies, classified as critical, major, minor, or observation,

as defined under Table 34 criteria.
5.8.1 Remains Observation

1. The aluminum oxide, combustion by-product particle observed

' between the forward wall of the primary O-ring groove and the
primary O-ring at seven degrees on -the center aft factory joint.
It vas determined that this particle fell into the joint during

disassembly and remains an observation.
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5.8.2 Minor Anomalies

1. The white colored material, which ran circumferentially found on
the aft edge of the forward field joint capture feature O-ring at
169 degrees. More thin lines of the white colored material were
found intermittently on the aft edge from 164 to 167 degrees.
Also small thin lines of the white colored material were found on
the capture feature metal to J-leg interface (aft of the capture
feature groove on the tang J-leg) at intermittent degree
locations. Lab analysis indicated the material was Teflon Tape

adhesive.

2. Thirty five of 100 nozzle-to-case Stat-0-Seals had unacceptable

flow line conditions.

5.8.3 Major Anomalies

There were no major anomalies.

5.8.4 Critical Anomalies

There were no critical anomalies.

5.9 RPRB Position

The RPRB has accepted as presented.
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Table 34

Criteria for Classifying "Potential Anomalies"

Remains
Observation

Anomaly

Minor

Major

Critical

Requires no
Specific
Action

Requires correc-
tive action,
but has no
impact on:

- Motor Performance
- Program Schedule

Does not reduce
usability of part
for its intended
function

Could cause damage
preventing reuse
of hardware in
combination with
other anomaly

Significant depar-
ture from the his-
torical database

Could cause failure
in combination w/
other anomaly

Could cause damage
preventing reuse
of hardware

Program acceptance
of cause, correct-
ive action, and

risk assessment re-

quired before sub-
sequent static test
or flight

Violates CEI Spec.
requirements

Could cause failure
and possible loss
of mission/life

Mandatory resolution
before subsequent
static test/flight

Note:

These criteria to be applied to the specific observed "potential

anomaly" as it relates to the observed article and as it relates to
subsequent articles.
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Morton Thiokol Inc.

Space Operations

Joint External Walk Around -Evaluallon Checkoff Worksheet

Motor No.: QM -3

Date: TAN) 1

1989

Time: /400

Inspector(s): DAVE RBOwsgLL L JEFF CU QQYI

LOwWELL NELSEN

Evidence of Combustion Product Leakage (SOOT)? Comment
Number
A. Forward Dome Factory Joint (Sta. 531.5, ______ yes _\{_ no
FDS, CLEVIS)
B. Forward Segment Factory Joint (Sta. 691.5, ______ yes _‘1 no -
FFS, CLEVIS)
C. Forward Field Jolnt (Sta. 851.5, FWD, CLEVIS) ___ yes _i no -
D. Forward Center Segment Factory Joint (Sta. —____ Yyes ___l__/__ no -
1011.5, FCS, CLEVIS)
E. Center Field Joint (Sta. 1171.5, CTR, CLEVIS) yes l/ no
F. Aft Center Segment Factory Joint (Sta. 1331.5, ___ yes Z no -
ACS, CLEVIS)
G. Aft Field Joint (Sta. 1491.5, AFT, CLEVIS) - Yyes l/ no -
H. Aft Segment Factory Joint (Sta. 1577.5, FSS, yes Z no
CLEVIS)
I. Aft Segment Factory Joint (Sta. 1697.5, ASS, —__ yes __l_/_ no -
CLEVIS)
J. Aft Dome Factory Joint (Sta. 1817.6, ADS, __ yes _K_ no —
CLEVIS)
K. Nozzle to Case Joint (Sta. 1875.2, NOZ, AFT) ____ yes _‘{ no -
If yes, record the indicated data below:
poc
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Morton Thiokol Inc.

Space Operations

External Igniter Interfaces - Evaluation Checkoff Worksheet

Motor No.: (DA -8 Date: JAN Qi 1QFQA |[Time: 140 o
inspector(s): DAVE ROWSELL.. TJEEF C_L)RRY LowE LL ME!CEQI
Evidence of Combustion Product Leakage (SOOT)? ’ Comment
Number

A. Adapter /| Forward Dome Interface (IGN, AFT) yes \V no

B. Adapter To Forward Dome Bolts (IGN, FWD) yes L no

C. Adapter / Chamber Interface (IGl, AFT) yes v no

D. Adapter To Chamber Bolts (IGl, FWD) yes no

E. S&A / Adapter Interface (S&A, AFT) yes ; no

F. S&A To Adapter Bolts (S&A, FWD) yes L~ no
If yes, record the indicated data below:

poc
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MORTON THIOKOL INC.

External Walk Around - Evaluation Checkoff Worksheet

Inspector(s): DAVE KowSELL | JEFF CUXKY,

Lol

MELSEN/

Motor No.: /- B

Date: 7/ J7S f"7

1.

2
3.
4

I. Hotspots (Heat Affected Paint)?

Aft Segment

. Aft Center Segment

Forward Center Segment

. Forward Segment

II. Loose or Cracked ETA bolts?

Il. Loose or Cracked Stiffener Ring Bolts?
IV. Additional Observations?

If yes, record the indicated data below:

Axial Degree
Segment Location Location
(1 - 4) Condition (In.) (Deg.)

yes
yes
yes
yes

yes

yes

yes

Axial
Length (in.)
It Applicable

no

no

no

no

no

e b kR

no

Circumferential
Width (In.) Degree Arc

If Applicable If Applicable

Notes / Comments

Note:

Rev.

Clarify any observations on an OCF if necessary

pnc
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Morton Thiokol, Inc.

Space Operations
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Morton Thiokol, Inc.

Space Operations
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Morton _Thiokol Inc.
Space Operations

Case Fleld Joint Condition - Evaluation Checkoff Worksheet

Motor No.: M-8 | Date: I /FR RXT

Joint: _[K[Forward (FwD) [J Center (CTR) [J Aft (AFT)

Inspector(s):  DAVE Kowseee, JTerF (URLY

Case Field Joint Observations: ’ Comment
/ Number

A. Soot In Proximity to / Past O-ring Groove (SPINS, SICOR Yes No

SOINT, SPINT, SIPOR, SPPOR SISOR, SPSOR)?

B. Sooted Grease (HAGRE)? Yes _L— No
C. Discolored Grease (DIGRE)? Yes " No
D. Volume 2 Filler Damage (V2FD)? Yes L—" No
E. Leak Check Port Obstructed (LPOBS)? Yes L—No
F. Vent Port Obstructed (VPOBS)? Yes —"No
G. Foreign material In the sealing area during motor operation Yes No /
(FMIJ)?
H. Rust on sealing surfaces (SSCOR)? Yes ‘/No
1. Rust on metal paris {PITCO)? Yes " No
J. Heat affected metal (HTAFF)? Yes Z‘/lo
K. Damaged metal sealing surface (SSMET)? Yes No

If any of the above conditions exist, record applicable dimensions below. Describe the observed con-
{ition using a comment number, a "T" if the condition is observed on the tang or a "C” if the condi-
.ion is observed on the clevis and any other information needed to describe the observation:

LA Jong Sliia [ne of white eetored /wczré/v'a/ LS *\Q’UV‘Q/D"'
——}[«( afd t?c/?e of 74//¢ Caﬁ%z/c f;’e\-/w/‘c O=rin cﬁz /é'?.(‘/@?/CKJ‘_
Mo 9//:',, Joenes ot whiie Co/of‘é’cl /’“a'éC‘f/’ﬂ/ were chn.;(
‘me'n\n(-l@m/// o dhe olt Ge/7c of he C&/ﬂ/’”‘(’ 'Cf“a\/uﬁc O

frorn (64 HFo 167 kg rces. The /0147 Heln [lae ¥ /éfo/e;j/a-_y
(e 's af/roxo'mafeﬂ O YOO fuely /Ovr7. 5~'5/Dcr_+ adies iee

_?ro‘..\_ {e5fon "a/)c . (F/u /.T)

NOTE & Tam Voul infogmarrons ( SEE ATTACHED FIGULES)
Small thin lines of the white colored material were found on the capture
feature metal to J-leg interface (aft of the capture feature groove on the
tang J-leg) at 153, 178, 180, 227, 228, and from 230 to 233 degrees. All
of the thin lines of the white colored material ran circumferentially on
the joint except for the lines of white colored material at 178 degrees.
Oon the clevis, the white colored material was found on the top of the J-leg
(near the inner clevis leg metal) at 138, 150, 152, 178, 180, and from 162
to 165, 167 to- 170, 230 to 234, and 252 to 254 degrees. As on the tang,
all of the thin lines of the white colored material ran circumferentially
on the joint except for the lines of white colored material at 178 degrees.

DoOC
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MORTON THIOKOL. INC.

Space Operations
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MORTON THIOKOL INC.
Space Operations

Field and Factory Joint - Evaluation Checkoff Worksheet

(] Forward Dome Factory Joint (531.8)
[X] Forward Flald Joint (851.5) |

[0 Center Field Joint (1171.5)

[0 Aft Field Joint (1491.5)

[0 Aft Segment Factory Joint (1697.5)

Inspector(s): DAUE kowSE LL, TCFr CURRY
Motor No.: (Y- § oate: § FEB 7
Joint:

[0 Forward Segment Factory Joint (891.8)

O Forward Center Segment Factory Joint (1011.8)
[ Aft Center Segment Factory Joint (1331.5)

[ Aft Segment Factory Joint (1577.5)

[ Aft Dome Factory Joint (1817.8)

I.  Rust on Metal Parts (Corrosion)?

. Metal Damage?

ill. Metal Slivers from pin holes?
V. Other?

Describe:

yeos

e no
yes L—"no

Clarify below or on an OCF, if necessary .o

_y[yu no

yes —"ho

t
P

if yes, record the data below:

Axial Degree

Location {In.) Location

If Applicable (Deg.)
Z51.5 SEE Berow/

Degree Arc

It Applicable

Length width

If Applicable It Applicable

Notes / Commaents:

Pinhole slivers were found™

in the bottom of the inner clevis 1leg pinholes in the following holes: .
52, 54, 58, 60, 62, 232, 282, 286, 288, 290, and 292. The slivers are case .
material (D6AC) and are typical. ( ‘ cTv

=
:y, &
¥
.

) Ccade ?

" REVISION

; \ “_l‘:A
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MORTON THIOKOL INC. /‘?"’"’8‘7

Space Operations

De'ailed Case Field Joint O-r.ng (Post-Removal} - Evaluation Checkoff Worksheet {Wasatch A-2 Bidg)

Inspector(s):  Rocky Ash . Sk Ede. D Gary Alegison

Motor Nec.: L (N9 i Date: 2-10-%9
Joint: (¥ Forward {J Center O ant '
PRIMARY O-RING Part No.: [:1175)90 ~2S _ Seriai No.: __ 0000 33|}
A. Erosion? — Yeos ﬁ No
B. Heat Attect? ' e Yeos No
C. Assembly/Disasssmbly Damage? ___Yes _/ No
D. Other? Describe: ____Yes _/ No
If any of the above conditions exist, record applicable dimensions below:
Condition ) Degree Maximum Circumferential Distance
(A, B, CorD) Location Depth Width CSVAP (Length)

SECONDARY O-RING Part No.: “2 15150-25 Sarial No.: Qo287

A. Erosion? Yes ‘No
B. Heat Affect? — Yes - No
C. Assembly/Disassembly Damage? — Yes No
D. Other? Dascribe: — Yes No
If any of the above conditions exist, record applicable dimensions below:
Condition Degree Maximum Circumferentia! Distance
(A, B, CorD) Location Depth Width CSVAP {(Length)
CAPTURE FEATURE O-RING Part No.: (D75 150~ 1] Serial No.: L :22& -
A. Erosion? : Yes __)L No -
B. Heat Affect?  __Yes _/ Ne
C. Assembly/Disassembly Damage? _____Yes __ No
D. Other? Describe: __\L Yes ______ No
If any of the above conditions exist, record applicable dimensions below:
Condition Degree Maximum Circumferential Distance
(A, B, C or D) .Location Depth _ Width CSVAP (Length)
L ndetermnable o0l 13.5¢
Notes / Comments:
REVISION o TWR-17591 | wvou 1y
. SEC ]PAGE A-9



S<

Morton Thiokol Inc.

e "t e
Space Operations

O-RING OBSERVATION CLARIFICATION FORJV !

Date: 2-10-%59 inspector(s):__<xrtt Ed(n‘ vk Asl . D Gaey VESuw
Motor No.: QM-%¥ , ,
DLeft (o) [JRight (B) Joint: __ FRwoD FiErD IOWNT
O-ring Location: [] Prima [ Secondary  [}2'Capture Feature [] Wiper

Part Number: ____ 1} TS5 150- |1
Serial Number: ONONO2H
Depth:
Description: Sce Lol

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detall as necessary to explain the observation.

ted 12.6° - .
1Y) - 3‘ 5
Civeonterenhal e—135 —> L= |
Sevadek ' ws= 00\
D= wdeterminable
DOC
REV. N6, TWR-17591 lvor IV

SEC I PAGE

A-10



Morton Thiokol Inc.
Space Operations

Case Fleld Joint Condition - Evaluation Checkoif Worksheet

Motor No.: (YM- 8 | Date: Qﬁ. 39

| Joint: ) Forward (FWD) [X] Center (CTR) [J Aft (AFT)

Inspector(s): L.ouwdell Nelsen)

Case Field Joint Observations: - Comment
Number
A. Soot in Proximity to / Past O-ring Groove (SPINS, SICOR Yes V_ No
SOINT, SPINT, SIPOR, SPPOR SISOR, SPSOR)? \/
B. Sooted Grease (HAGRE)? Yes No
C. Discolored Grease (DIGRE)? Yes L/ No
D. Volume 2 Filler Damage (V2FD)? Yes ; No
E. Leak Check Port Obstructed (LPOBS)? Yes ; No
F. Vent Port Obstructed (VPOBS)? Yes Vv No
G. Foreign material In the sealing area during motor operation Yes O No
(FMIJ)?
H. Rust on sealing surfaces {SSCOR)? Yes \/ No
. Rust on metal parts (PITCO)? 52 Yes ¢ No |
J. Heat affected metal (HTAFF)? Yes No
K. Damaged metal sealing surface (SSMET)? Yes V. No

if any of the above conditions exist, record applicablie dimensions below. Describe the observed con-
fition using a comment number, a »T" if the condition is observed on the tang or a *C" if the condi-
(ion is observed on the clevis and any other information needed to describe the observation:

. \/er7 iak ¥ Thing 1iNg 6§ corcosioN oN thea
lawd ' ® \3c{'u)cw'\'l/\£. O-ri{oa %roOUes ot ‘31{0

i /
CVeves S de. /‘7

Mkl [T TR T
taeding [I777/7

¢ primary 0-"1548
<« Se_cauﬂqry O- r"nu%

Toner Clevis \ea

REV. Ro. TWR-17591 !voL v
- SEC IPAGE

A-11




MORTON THIOKOL INC.

Space Operations

Field and Factory Joint - Evaluation Checkoft Worksheet

inspector(s): s e | ] (\)&\ senN

Motor No.: M-

pate: -7~ 39

Joint:

[0 Forward Dome Facto}y Joint (531.5) [J Forward Segment Factory Joint (691.5)

[J Forward Field Joint (851.5)
m Center Field Joint (1171.5)
[ Att Field Joint (1491.5)

] Aft Segment Factory Joint (1897.5)

[] Forward Center Segment Factory Joint (1011.5)
[0 Aft Center Segment Factory Joint (1331.8)

[0 Aft Segment Factory Joint (15877.8)

[0 Aft Dome Factory Joint (1817.6)

Ly

. Rust on Maetal Parts (Corrosion)? (1) no
il. Metal Damage? —_— Yes Z no
Clarity below or on an OCF, If necessary )
il. Metal Slivers from pin holes? _\Z yes no
IV. Other? —_— Yes Z no
Describe:
if yes, record the data below: ]
Axial Degree ‘ ‘
Location (In.) Location Degree Arc Length Width
if Applicable (Deg.) it Applicable If Applicable If Applicable
L LS 124° ey ki —
31715 23" ~ 0.60" -

———————
—————————

T

Notes / Comments:

. ’ [
Sce Tuble B-tIl of TwWR-16473 , Vol. Y For Corros‘,o,‘\j'_i-:l;{.i
I Hustrationn . (PFoR used ) | |

AN

" REVISION

.:“':‘_“F . .
13 =
B II

FEN Roc__TWR-17591  wou IV

f . I
! 8EC PAGE A-12



H 5"5._
MORTON THIOKOL INC.

Detnil« 3 Case Fisld Joint O-ring (Post-Removal) - Evaluation Ciieckof! Worpohut (Wasatch A-2 Bldg)

inspector(sj: |+ hgm_ WYY ?rka N i <ot Fdeo } D, far~ [’Ets‘n/

M.tor No.: (& ' L Date: 2 - 9- £9
Joint: [J Forward & Center ] &t
PRIMARY O-RING " PartNo.: JUTSIEm .25 Serisl No.: ODOO 334
A. Erosion? Yes _/ No
B. Heat Affect? ' Yes . No }

C. Assembly/Disassembly Damage? Yes _ 7 No

D. Other? Describe: Yes _ 1~ No
it any of the above conditions. exist, record applicable dimensions below: »

Condition ’ Degree Maximum Circumferential Distance
(A, B, Cor D) Location Depth Width CSVAP (Length)
SECONDARY O-RING Part No.: _ VTS SN-25  SerisiNo.: ___OONA333

A. Erosion? ‘ Yes _'{_ 'h!o'

B. Heat Affect? —_ Yes No

C. Assembly/Disassembly Damage? e Yes No

D. Other? Describe: — Yes No
If any of the above conditions exist, record applicable dimensions below: .

Condition Degree Maximum Circumferential Distance
(A, B, Cor D) Location Depth Width CSVAP (Length)

CAPTURE FEATURE O-RING Part No.: ___1\V751500)- 11  Serial No.:  mA~>"N5)

A. Erosion? Yes No .
B. Heat Affect? Yeos : No
C. Assembly/Disassembly Damage? Yes Y_ No

D. Other? Describe: Yes No
If any of the above condlitions exist, record applicable dimensions below:

K |

Condition Degree Maximum Circumferential Distance
(A, B, Cor D) Location Depth ~ Width CSVAP (Length)
47° indeYerrimable o) 12,5 *

R 345, X° L0\ 001 150

Notes / Commaents:

REVISION o, TWR-17591 | wvou v
SEC IPAGE A-13




Morton Thiokol Inc.

Space Operations

O-7ING C BSERVATION CLARIFICATION FORM

Date: 2-9-Y9
Motor No.: QM -%
Clreft (A) ORight (R)

SE

} e g{)ﬁu"?/-;

Inspector(s):__‘Socky fish | ooty ":Aowfbﬁc
. CALy A ELSe
Joint: _ CTR. P iEeD SOUNT

O-ring Location: [J primary [ Secondary [ Capture Feature [ Viper
Part Number: 7siso-(|

Serial Number: OCOONS|

Depth:

Description: See  Relow

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as necessary to explain the observation.

15.7° .

‘ . . 35"‘ % L= 13.5
Circumberentia\ pe— 150 —{
Scratch w= 00!
D= wdeteminable
270 2459
Scratches g .;57[}][ W= Ol
@. - D= 0Ol
REV. R TWR-17591 v IV
SEC lPAGE
A-14



Morton Thiokol Inc.
Space Operations

Case Fleld Joint Condition - Evaluation Checkoff Worksheet

Motor No.: & mM—-¢

Joint: ] Forward (FWD) [J Center (CTR) 4 Aft (AFT)

| Date: Z2 -L—-§F

Inspector(s): &. (34 ker

Case Fleld Joint Observations:

A.

@MmMOoOO®

ReTx

Soot In Proximity to / Past O-ring Groove (SPINS, SICOR
SOINT, SPINT, SIPOR, SPPOR SISOR, SPSOR)?

Sooted Grease (HAGRE)?

Discolored Grease (DIGRE)?

Volume 2 Filler Damage (V2FD)?

Leak Check Port Obstructed (LPOBS)?

Vent Port Obstructed (VPOBS)?

Foreign material In the sealing area during motor operation

(FMI)?

Rust on sealing surfaces (SSCOR)?

Rust on metal parts (PITCO)?

Heat affected metal (HTAFF)?

Damaged meta! sealing surface (SSMET)?

Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

ik R Iy

Z 2
o o

If any of the above conditions exist, record applicable dimensions below. Describe the observed con-
fition using a comment number, a "T" If the condition is observed on the tang or a "C" if the condi-
tion is observed on the clevis and any other information needed to describe the observation:

REV.

RS TWR-17591  lver IV
SEC

| PAGE

A-15



S&

MORTON THIOKOL INC.
Space Operations

Field and Factory Joint - Evaluation Checkoff Worksheet

Inspector(s): K @a ,kER,

Motor No.: § #71-§ Date: 2~/ ~§F

Joint:

[] Forward Dome Factory Joint (§31.5) [] Forward Segment Factory Joint (691.5)

(O Forward Field Joint (851.5) ' [0 Forward Center Segment Factory Joint (1011.8)
[J Center Field Joint (1171.5) [ Aft Center Segment Factory Joint (1331.8)

Aft Field Joint (1491.5) [0 Att Segment Factory Joint (1577.5)

O Aft Segment Factory Joint (1687.5) [0 Att Dome Factory Joint (1817.6)

. Rust on Metal Parts (Corrosion)? —_— Yes - ho
. Metal Damage? — Yes ___ no

Clarify below or on an OCF, if necessary .o
Il. Metal Slivers from pin holes? __‘_/yn —__ hno
Iv. Other? ‘/yn —____ no

Describe: /7’),'55, 0(11 Griﬂ e /;1 C/ew's ool

If yes, record the data below:

Axial Degree
Location (In.) Location Degree Arc Length Width
If Applicable (Deg.) if Applicable If Applicable If Applicable
g/ == Y2 ‘
232 Lo

|
—————

!
————————
—————

Notes /| Commaents: A K L
T Piulele shvee Fimd o Ve ol ede of vhe seemdedrs'|
6-rivg at (36 degrees, Piuhole sliver {elf YHare om e

oh'sass:,m(ley ¢ |

&

B
»

W
E
o

£ ey 2% TWR-17591  lver 1V

"~ REVISION
! 8EC IPAce_ -
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MORTON THIOKOL INC. ‘
Space Operatlons :

Detailed Case Field Joint O-ring (Post-Removal) - Evaluation Checkoff Worksheet (Wasatch A-2 Bidg)

Inspector(s): ji)a,, ol Blew D . Gapy /AJetSou

Motor No.: (YK~ L | Date: 2/2 /89
Joint: _ [] Forward L] Center &1 Aft T
PRIMARY O-RING Part No.: IW75/80 25 Serial No.: _ 5000 356

A. Erosion? Yes _Lé_ No

B. Heat Affect? ' __Yes _ No }

C. Assembly/Disassembly Damage? e Yes __,4 No

D. Other? Describe: — Yes _i~ No
If any of the above conditions exist, record applicable dimensions below:

Conditlon ) Degree Maximum Circumferential ' Distance
(A, B, Cor D) Location Depth Width CSVAP (Length)
SECONDARY O-RING Part No.: (W 75150 -2S Serial No.: SO0 5]

A. Erosion? — Yes L No

B. Heat Affect? Yes __z No

Yes +~~ No
Yes 1+~ No

C. Assembly/Disassembly Damage?
D. Other? Describe:
it any of the above conditions exist, record applicable dimensions below:

Conditlon Degree Maximum Circumferential Distance
(A, B, CorD) Location Depth Width CSVAP {Length)
CAPTURE FEATURE O-RING Part No.: _/is25/1 Dt/ - Serial No.: _ 0 re .

A. Eroslon? . Yes t” No

B. Heat Affect? Yes </ No

C. Assembly/Disassembly Damage? e Yeos ___«/- No

D. Other? Describe: e Yes <« No
If any of the above conditions exist, record applicable dimensions below:

Condition Degree Maximum Circumfierential Distance
(A, B, Cor D) Location Depth Width CSVAP {Length)
Notes / Commaents:

REVISION o, TWR-17591 | vou v
sgC IPAGG E

A-17




Morton Thiokol Inc.
Space Operations

‘Nozzle-to-Case Joint Condition - Evaluation Checkoff Worksheet

Motor No.: A #l- B lDate: /o FER BT
Joint; Nozzle-to-Case (NOZ)

Inspector(s): DAVE }?OW.SEL {

Case Field Joint Observations: Comment
: L Number
A. Soot in Proximity to / Past O-ring Groove (SPINS, SICOR Yes No
SOINT, SPINT, SIPOR, SPPOR SISOR, SPSOR)?
B. Sooted Grease (HAGRE)? ‘ Yes —No
C. Discolored Grease (DIGRE)? Yes L No
D. Polysulfide Past Wiper O-ring (PSEX)? L~ Yes ____ No ]
E. Leak Check Port Obstructed (LPOBS)? Yes — No
F. Vent Port Obstructed (VPOBS)? Yes — No
G. Foreign mateiial in the sealing area during motor operation Yes L%
(FMLJ)? ' v
H. Rust on sealing surfaces (SSCOR})? Yes \A
. Rust on metal parts (PITCO)? Yes {— No
J. Heat affected metal (HTAFF)? Yes _L— No
K. Damaged metal sealing surface (SSMET)? Yes No

If any of the above conditions exist, record applicable dimensions below. Describe the observed con-
dition using a comment number, an "F" if the condition is observed on the aft dome or an "A" if the
condition is observed on the fixed housing and any other information needed to completely describe
the observation and its location:

| PolysuLFIDE  GoT PAST THE wirER 0-RIMG 7HHOVGH  THE
VENT SLelS 360 DEGREES ALovMD THE Jow7 . (Psex’)

MOTE S RADIAL BoltT HOLE PLUG wAS SmASHED JNTO THE
Bortom OF THE 354.L DeGRee RADIAC Jot7 HOLE .
THE PG APPEARED TO BE N THIS (pAIDITION Before
DISASSEmBLY | A HEAVY RUB MARKI wAS Foewn oV
THE PRuULARY D-RING AT 384, 6 DEGREES

DOC

REV. No.  TWR-17591 lyo IV

SEC | PAGE A-18




MORTON THIOKOL INC.
Space Operations

S¢

Detailed Nozzle-to-Case Joint O-ring (Post-Removal) - _—_Evaluation Checkoff Worksheet (Wasatch A-2 Bidg)

inspecter(s): Sypmw DV, Rocky ASH, D Gaet Maicod

Motor No.: thjg [ pate: 2-/¥-89
Joint: Nozzle-to-Case-
PRIMARY O-RING =~ Part No.: __JU 7580/ /5  Serial No.: _000cxto ¥
A. Erosion? Yes / No
B. Heat Affect? Yes Z No
C. Assembly/Disassembly Damago? z Yes —— No
D. Other? Describe: Yeos _L/_ No
It any of the above conditions exist, record applicable dimensions below:
Condition Degree Maximum Circumferential Distance
(A, B, Cor D) Location Depth Width CSVAP (Length)
C (32,7 o.0P3 _e-002, g.oso

SECONDARY O-RING

Part No.: /75 80/ -/4 ~ Serial No.: _ 00000 Y

A. Erosion? Yeos __L No
B. Heat Affect? —_ Yes _6 No
C. Assembly/Disassembiy Damage? — Yes _ ¥V No
‘D.  Other? Describe: : . — Yes __Z No
If ?a‘ny of the above conditions exist, record applicable dlmono.lor;s bolcw:' ‘ '
Condition Degree Maximum Circumferential Distance
(A, 8, CorD) Location Depth Width CSVAP (Length)
WIPER O-RING Part No.: _/(/7580/ ~/% Serial No.: OO0 Y
A. Erosion? ’ Yes l/ No
B. Hemt Affect? —_ Yss z No
C. Assembly/Disassembly Damage? V. Yes
D. Other? Describe: » —_ Yes _V No
if any of the above cenditions exist, record applicable dimensions below:
Condition Degree Maximum Circumferential Distance
(A, B, CorD) Location Depth Width CSVAP {Length)
C 255.21° o.op3 .03 0-0%0
c 314.9 0.002 0.00( —Q:-9¥0
C . 3-"'/.'3‘ _ D.008 0.02S 0. 050
REVISION o, TWR-17591 | vou 1v

sEc [ PAGE -
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S¢

Morton Thiokol Inc.

Space Operations

O-RING OBSERVATION CLARIFICATION FORM A/
2 son)

Date: 2 -/5-89 Inspector (s) :M&GALMM

Motor No.: O/‘!?
Oveft (A) [JRight (B) Joint: _A0ZZL€ [/ CcASE
O-ring Location: rimary [] Secondary  [] Capture Feature [ Wiper
Part Number: (2 73 30) = /.S

Serial Number: OQXX0OY

Depth;

Description: CsEE _getow)

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as necessary to explain the observation.

72 132.7° 730°
CIRCUMFERENM /4L
5 % |

pee 7% SCRATH

L= 0.050

/ W= 0.002

‘ 02 0.003

LR L

poc )
REV. Ro.  TWR-17591  lver IV

SEC l PAGE
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Morton Thiokol Inc. S&
Space Operations

O-RING OBSERVATION CLARIFICATION FORM
4]57-454

Date: __2-/¥-89 Inspector(s):__Scefr LY&E MM’_M&V
Motor No.: -

Olreft (a) O mghg (B) Joint: _449_;1.5%:4;_(
O-ring Location: [ Primary [ Secondary Capture Feature [FWiper
Part Number: __ /¢ 2.C80/ -9 '

Serial Number:_oyexxx¥o? .

Depth;

Description: (SE££ Aswow)

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as necessary 1o explain the observation,

8¢ S L
Oiq6008L SCRATCH
e\‘f/ L > 0.0Y0
: "/ R p.003
}‘ 72 D= ¢o0-c03
g') s 35°¢
270 S16.4° Q"
RADIAL CuUT
= L= 0.0Y0
, [ Jolt W 2 0.001
> 0 R 0.002
270° 354.3¢ o"

e
2
DQIhJD
nnng
Sag |3
© 0q |&
Q »r Gy
RS
o
x

REV. Nor  TWR-17591  |ve IV
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Morton Thiokol Inc.
Space Operations

Nozzle-To-Case Radial Bolt Stat-O-Seals - Evaluation Checkoff Worksheet

Motor No.: Q 1-8 [ Date: 2-21Y-39

Joint: Nozzle-To-Case Radlal Bolt (NOZ, STAT)

PIN JUZS53724Y~-02 Lot Number _£C L 0003

Inspector(s): SCOTT _ELEN , Lon) MYER, GARy NELSCY

Bolt Stat-O-Seal Observations: Comment
Number

A. Eroded Stat-O-Seals (SORE)? —— VYes _ﬁ No

B. Heat Affected Stat-O-Seals (HASOR)? ___Yes _ ¢y No _____

C. Cuts, Assembly/Disassembly Damage (SCUT, SDMG, SDIS)? _|/_ Yes ____ No ___

it any of the above conditions exist, describe below:

C: Sepacation of circumferenral €low mark

C: Ci "‘“”(14:#3-. ‘_‘.
¢

-~ Lg /?0" (SDV“‘(j)

+
’ al teor Tu <cq/ at Pc'/'a.'neﬁ/r‘u“eﬁ l"-\i"'-ﬁcl
af flows mok cpen ndecn

e , ;
C! Kdial { (e vueys b C"/Pu") wheo

C‘lf(t"bvl(ﬁ'u‘tu-( ( ‘[ J ce ~ [ =~ 30°
pesrg i e deom (§peng &8
probed (5o 5) )

Nete: 35 out af 100 shaf-o-tcals hacd unacceptable Elow [; it
‘ne  coudst "y

REV. No.  TWR-17591 lyow 1V

SEC | PAGE
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Morton Thiokol Inc.
Space Operations

Ignition System Sealing Surface Condition - Evaluation Checkoff Worksheet

Motor No.: C?M— 2 ‘ Date: 1/7/7?

Joint: ) S&A to Adapte (S&A) [ Adapter to Case (IGN) J Adapter to Chamber (IGl)

Inspector(s): &, Abawy Y. D. EnazSLIl

Commaent
. Number
A. Soot in Proximity to / Past O-ring Groove (SPINS, SPPOR, Yes t/ No
SPSOR)?
B. Sooted Grease (HAGRE)? Yes i No
C. Discolored Grease (DIGRE)? Yes . No
D. Leak Check Port Obstructed (LPOBS)? Yes W~ No
E. Foreign material in the sealing area during motor operation Yes i~ No
(FMIJ)?
F. Rust on sealing surfaces (SSCOR)? Yes v _ No
G. Rust on metal parts (PITCO)? Yes E No
H. Heat affected metal (HTAFF)? Yes No
. Damaged metal sealing surface (SSMET)? Yes Ve No
J. Damaged metal other than sealing surface (DAMML)? Yes v No

if any of the above conditions exist, record applicable dimensions below. Describe the observed
condition using a commerit number, a "FWD" if the condition is observed on the S&A on the S&A
joint or the adapter on the Inner and outer joints or a "AFT” if the condition is observed on the
adapter on the S&A joint, the chamber on the inner joint or the dome on the outer joint and any other

information needed to describe the observation:

DOC

REV. no.  TWR-17591

| vor IV

SEC ‘ PAGE
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Morton Thiokol Inc.
Space Operations

Motor No.: (?M—g Date: 1/7/77 Time: 0900
inspector(s): (. Abawi , D Rowsell

Corresponding Comment Number

270 DEG

LEAK TEST HOLE

FLUOROCARBON
RUBBER SEALS

180 DEG ~ 0 DEG

INDEX HOLE -
90 DEG

Observation Drawing Worksheet - Igniter S&A Gasket (Forward Face)

REV. Noo  TWR-17591 |VOL W
SEC ‘PAGE A-24




S
‘Morton Thiokol Inc. <
Space Operations

Motor No.: M-8 Date: Z/?A'¢ Time: D00
Corresponding Comment Number Inspector(s): &.Apaw i y b Qopje”
_ 90 DEG
INDEX HOLE

FLUOROCARBON
RUBBER SEALS
180 DEG 0 DEG
LEAK TEST HOLE
270 DEG B
Observation Drawing Worksheet - Igniter S&A Gasket (Aft Face)
poc
REV. No. TWR-17591 lvo 1V
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Morton Thiokol Inc.
Space Operations

Detailed Igniter Gasket - Evaluation Checkoff Worksheet

Motor No.: QM-¥ Date: 2-9-§7

Gasket: O Inner (1GY) [0 outer (IGN) [@S&A (S&A)

PIN: vs1325-0/ SIN: coox23z

Inspector(s): s, £asA , Kocwy HsH#

Comment
Number
I. Soot Past Seals (SPINS, SPPOR, SPSOR)? _____ yes __b{_ no
Il. Foreign Materlal (FMIJ)? _____ yes v, no
I, Seal Damage (PCUT, PDIS, PDMG, SCUT, __ yes z no
SDIS, SDMG)?
IV. Heat Affected Seals or Retainer (PORE, HAPOR _____ vyes _l/_ no
SORE, HASOR, HTAFF)?
V. Rust (SSCOR, PITCO)? _____ yes _9 no
VI. Metal Damage (SSMET, DAMML)? ____ yes v no
If yes, describe below:
REV. Re°  TWR-17591 lvo IV

SEC l PAGE p_26 |




Morton Thiokol Inc.
Space Operations ,

Ignition System Sealing Surface Condition - Evaluation Checkoff Worksheet

Motor No.: QV\—'% lDale: | MAR 1489

Joint: [ s&A to Adapter (S&A) &Adapter to Case (IGN) [ Adapter to Chamber (iGl)

Inspector(s): (  ARAW) |

Comment
Number
A. Soot Iin Proximity to ! Past O-ring Groove (SPINS, SPPOR, Yes / No
SPSOR)?
B. Sooted Grease {HAGRE)? Yes 5 No
C. Discolored Grease (DIGRE)? Yes No
D. Leak Check Port Obstructed (LPOBS)? Yes v’ No
E. Foreign material in the sealing area during motor operation Yes ; No
(FMIJ)?
F. Rust on sealing surfaces (SSCOR)? Yes 6 No
G. Rust on metal parts (PITCO)? Yes No
H. Heat affected metal (HTAFF)? Yes v~ No
I. Damaged metal sealing surface (SSMET)? Yes Vv No
J. Damaged metal other than sealing surface (DAMML)? Yes v No
If any of the above conditions exist, record applicable dimensions below. Describe the observed

condition using a comment number, a "FWD" if the condition is observed on the S&A on the S&A
joint or the adapter on the inner and outer joints or a "AFT" if the condition is observed on the
adapter on the S&A joint, the chamber on the inner joint or the dome on the ouler joint and any other
information needed to describe the observation:

A blowhele Ywroug s the PU'H’\I occured ax S de reeS.
No scet was -?ouwd OoN cither side ot dhe aasku\--
Heavy seo ¥ deposits were found oN Yhe %aSKL“‘
INSTde ed e

REV Elgc TWR-17591 IVOL v
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Morton Thiokol Inc.

Space Operations

Motor No.:

(il =P Date:

2c Mo | 167 | Time:

Corresponding Comment Number

!
' Inspector(s): L\}\")‘“L 6.12’4’VL pt{éa b‘{SLL
7t

4

Naw [ llovs

REV.

Observation Drawing Worksheet - Igniter Outer Gasket (Aft Face)

270 DEG
FLUOROCARBON
RUBBER SEALS
180 DEG
ReS TWR-17591 v v

SEC | FAGE A- 28




Morten Thiokol Inc.
Space Operations

Detailed Igniter Gasket - Evaluation Checkoff Worksheet

QLW -

Motor No.:

Date: Zo>

* Gasket: Oinner Gy K Outer (GN) [ S&A (S&A)

A'DVJ 789

PIN: [L5(FZE-0l SIN: oo F0OR N\

Inspector(s): L g Spesr QL@(/Q ,.[%L ,OOM {‘LJ’QNA
Y y T [ i i

I Soot Past Seals (SPINS, SPPOR, SPSOR)? _yes /L

. Foreign Material (FMIJ)? _yes  _

IIl. Seal Damage (PCUT, PDIS, PDMG, SCUT, L yes  ____
SDIS, SDMG)?

IV. Heat Aftacted Seals or Retainer (PORE., HAPOR _____ vyes ._L/_.
SORE. HASOR, HTAFF)?

V. Rust (SSCOR, PITCO)? _ yes

VI. Metal Damage (SSMET, DAMML)? _ yes _

If yas, describe below:

Pr\ mav

5&(,0&1&7 <enl AL+ side m&_‘( @ _775‘70

) o N
PRIMARY. 237 i
o= D: .02

Ast Sioe
O .
O O

Commaent
Number
no
no
no !
no
no
no

seal AR} s\d Missing aderal and o ik @ 337°

- Wz -0t
o Missina NMareruc
= L: .07
Wa 2|
SECONDARY 359°  P°=7
N\C‘(
L: 'O|O
D“\ st
W: .olo

[s]oled

REV. ~no. TWR-17591

lvor 1V
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Morton Thiokol Inc.
Space Operations

Ignition System Sealing Surtace Condition - Evaluation Checkoff Worksheet

Motor No.: RW-% " | pate: 5-5-%1

Joint: [] S&A to Adapte: (S&A) [ Adapter to Case (IGN) EAdapter to Chamber (IGl)

Inspector(s): & Rake~

A. Soot in Proximity to ' Past O-ring Groove (SPINS, SPPOR, Yes “
SPSOR)?

B. Sooted Grease (HAGRE)? Yes «

C. Discolored Grease (DIGRE)? Yes s

D. Leak Check Port Obstructed (LPOBS)? Yes A

E. Foreign material in the sealing area during motor operation Yes -
(FMIJ)?

E. Rust on sealing surfaces (SSCOR)? Yes v

G. Rust on metal parts (PITCO)? v~ Yes

H. Heat affected metal (HTAFF)? Yes v

. Damaged metal sealing surface (SSMET)? Yes v

J. Damaged metal other than sealing surface (DAMML)? Yes ;

Comment

No

No
No
No
No

No

If any of the above conditions exist, record applicable dimensions below. Describe the observed
condition using a commert number, a "EWD" if the condition is observed on the S&A on the S&A
joint or the adapter on the inner and outer joints or a "AFT" if the condition is observed on the
adapter on the S&A joint, the chamber on the inner joint or the dome on the outer joint and any other

information needed to describe the observation:

1 \;ak* cnrface corvrOSion  On .qéapl-er- aX 0.0 °{: TInne~
gd\$k€+, A owk ‘/ﬁ' ime whde  avound  ewtire armnmfercnce,
poc
REV. Ro.  TWR-17591 o1V
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Morton Thiokol Inc.

Space Operations

Detailed Igniter Gasket - Evaluation Checkoff Worksheet

Motor No.: QM’?

Gasket: %ner gy  [Oouter (IGN) [JS&A (S&A)

Date: 5/3.97/539

PIN: JUS) QM -0F S/N: _ooocnSY

nspectort®) Racku Ash —(Uayne Speccu.
3 _ d

Comment
: Number h
I.  Soot Past Seals (SPINS, SPPOR, SPSOR)? __yes / no
. Foreign Material (FMIJ)? __yes % no
Ill. Seal Damage (PCUT, PDIS, PDMG, SCUT, ___ yes no
SDIS, SDMG)?
IV. Heat &ffected Seals or Retainer (PORE, HAPOR ____  vyes _K no
SORE, HASOR, HTAFF)?
V. Rust (SSCOR, PITCO)? _____yes v, no
V. Metal Damage (SSMET, DAMML)? __yves _ no
If yas, describe below:
REV. No.  TWR-17591 oo 1V
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 Morton Thiokol Inc.
Space Operations

Ignition System Stat-O-Seals - Evaluation Checkoff Worksheet

Motor No.: QW\-S’ Date: 6"’-5‘—87‘
Joint: Adapter/Chamber (IGl) Case End: STAT
PIN _UWTS 374 -0/ Lot Number _ _Ecc oo’
Inspector(s): K. Rake~
Bolt Stat-O-Seal Observations: Comment
Number
A. Eroded Stat-O-Sealis (SORE)? Yes +~  No
B. Heat Affected Stat-O-Seals (HASOR)? Yes “~ No
C. Cuts, Assembly/Disassembly Damage (SCUT, SDMG, SDIS)? >/Yes No 1
If any of the above conditions exist, describe below:
1. T:) PFM\ ais h—sScM\ga C“W’“a.: weas Seen o all stat-Oas5a/d
REV. oS TWR-17591 [ 1V

SEC l PAGEA_32



Morton Thiokol Inc.
Space Operations

Nozzle Joint Condition - Evaluation Checkoff Worksheet

inspector(s): K. Bake”, 5. Cvtr*"‘a'v L Nelsen
Motor No.: QM-¥

| pate: 2-6-37

Joint: O Throat/Fwd Exit Cone (4)
' O Fixed Housing/Aft End Ring (5)
DA Fwil Exit Conel/Aft Exit Cone (1)

O Fwd End Ring/Nose Inlet (2)
[ Nose Inlet/Throat (3)

Case Field Joint Observations: Comment
Number
A. Soot in Proximity to / Past O-ring Groove (SPINS, SICOR Yes ~ No
SOINT, SPINT, SIPOR, SPPOR SISOR, SPSOR)?
B. Sooted Grease (HAGRE)? Yes ¢~ No
C. Discolored Grease (DIGRE)? Yes ¥ No
D. Leak Check Port Obstructed (LPOBS)? Yes " No
E. Vent Port Obstructed (VPOBS)? Yes r No -
F. Foreign material in the sealing area during motor operation Yes +~ No
(FMIJ)?
G. Rust on sealing surfaces (SSCOR)? Yes ~ No
H. Rust on metal parts (PITCO)? Yes «~  No
R Heat affected metal (HTAFF)? Yes - No
J. Damaged metal sealing surface (SSMET)? Yes No

completely describe the observation and its location:

If any of the above conditions exist, record applicable dimensions below. Describe the observed con-
dition using a comment letter, an "F” if the condition is observed on the forward end of the joint or
an "A” if the condition Is observed on the aft end of the joint and any other information needed to

REV.

Re° TWR-17591 lvor 1V
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MORTON THIOKOL INC.

Space Operations

Detailed Nozzle Joint O-ring (Post-Removal) - Evaluation Checkoff Worksheet (Wasatch A-2 Blidg)

Uinspector(s):  Rpvcky Ash St Fden  Wagne Spearg— . 1. Ghly abrew
Motor No.: (1M - X ’ ' ' J [pate:  72-3-99
Joint: (M Fwd Exit Cone/Aft Exit Cone O Fwd End Ring/Nose Inlat

O Throat/Fwd Exit Cone {J Fixed Housing/AFt End Ring
(O Nose Inlet/Throat
PRIMARY O-RING Part No.: _ 075150 -03 Serial No.: __CCxueon ] 1

A. Erosion? —_ Yes No

B. Heat Affect? —__ Yes No

C. Assembly/Disassembly Damage? — Yes No

D. Other? Describe: —_ Yes No
If any of the above conditions exist, record applicable dimensions below:

Condition Degree Maximum Circumferential Distance
(A, B, CorD) Location Depth Width CSVAP (Length)
SECONDARY O-RING Part No.: _ [UT5150- Serial No.: ___ € (2%
(If Applicable)

A. Erosion? — Yes _,é No

B. Heat Affect? — Yes No

C. Assombly/Disassembly Damage? —— Yes % No

D. Other? Describe: e Yes No
If any of the above conditions exist, record applicable dimensions balow: .

Condition Degree Maximum Circumferentiat Distance
(A, B, Cor D) Location Depth Width . CSVAP (Length)
Notes / Comments
REVISION o TWR-17591 l voL 1y
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Morton Thiokol Inc.
Space Operations

Nozzle Joint Condition - Evaluation Checkoff Worksheet

Inspector(s): LOWELL NELSE N, K. RgKer

Motor No.: Q M -Q |Da‘9=2,l$_/89

Joint: [ Throat/Fwd Exit Cone (4) ngd End Ring/Nose Inlet (2)
: (] Fixed Housing/Aft End Ring (5) Nose Inlet/Throat (3)
[J Fwd Exit Cone/Aft Exit Cone (1)

Case Field Joint Observations: Comment
/ Number
A. Soot in Proximity to / Past O-ring Groove (SPINS, SICOR Yes No i B
SOINT, SPINT, SIPOR, SPPOR SISOR, SPSOR)? /
B. Sooted Grease (HAGRE)? Yes No 4
C. Discolored Grease (DIGRE)? Yes +~_ No
D. Leak Check Port Obstructed (LPOBS)? Yes v No
E. Vent Port Obstructed (VPOBS)? Yes ~_No  __
F. Foreign material In the sealing area during motor operation Yes v No
(FMIJ)? - ——
G. Rust on sealing surfaces (SSCOR)? Yes / No
H. Rust on metal parts (PITCO)? v Yes No 2.,
. Heat affected metal (HTAFF)? Yes - No
J. Damaged metal sealing surface (SSMET)? Yes v No

If any of the above conditions exist, record applicable dimensions below. Describe the observed con-
dition using a comment letter, an "F" If the condition is observed on the forward end of the joint or
an "A" if the condition Is observed on the aft end of the joint and any other information needed to
completely describe the observation and its location:

—1. Vefj Sma // /Orchl,{rC /’-3"‘?‘1' '/J'/t—-ouJL\ 2TV, Sta~ted
at 355 de f‘ef; < the~ Flowed C{rcum(éycnﬁ-ia\a

to SAY Aeﬁmes to  allew presswrs T reeci~
oy o—kmc\\ qroove . RTV DBack (il fooked

nga %OD&

2 \N\{’\"K\ c‘..\ECo\\Or&)V"eV\ b;g b‘zar-"é ‘F lc‘\v\tae__

. ®

oY WO de\j\rccs ko |$0 J-e:Jr:,es A
Seom— 24D c\earces o 2%0 &e{]rces,,

- ReC  TWR-17591 oo 1V
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MORTON THIOKOL INC.
Space Operations

Detailed Nozzle Joint O-ring (Post-Removal) - Evaluation Checkoff Worksheet (Wasatch A-2 Bidg)

Inspector(s): |, QE(M éle? Eca: Ky &_‘_I: '_’D. Csﬂ;g v AJ£LS o~/
Motor No.: Qm -B ’ [Dato: 2-17-29

(A, B, Cor D) Location Depth Width

Joint: [0 Fwd Exit Cone/Aft Exit Cone B Fwd End Ring/Nose Inlet
[J Throat/Fwd Exit Cone [ Fixed Housing/AFt End Ring
O Nose Inlet/Throat
PRIMARY O-RING Part No.: jU 75|50~ 07 Serial No.: ©CoDo0/4
A. Erosion? Yes __‘/_. No
B. Heat Affect? Yes |~ No
C. Assembly/Disassembly Damage? Yes _ .~ No
D. Other? Describe:  Yes ____ No
If any of the above conditions exist, record applicable dimensions below:
Condition Degree Maximum Circumferential Distance
(A, B, Cor D) Location Depth Width CSVAP {Length)
D 297° }ndc{ﬂ/m;niuc o0 | z_b_ 2
SECONDARY O-RING Part No.: [U5150 — OH Serial No.: _ DOCOD 20
(It Applicable)
A. Erosion? e Yoo No
B. Heat Affect? — Yes No
C. Assembly/Disassembly Damage? — Yes No
D. Other? Describe: — Yes  "_ |~ No
It any of the above conditions exist, record applicable dimensions below:
Condition Degree Maximum Circumferential Distance
CSVAP (Length)

Notes / Co_mmonto

REWVISION

o, TWR-17591 | veu v
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Morton Thiokol Inc.
Space Operations

S's

O-RING OBSERVATION CLARIFICATION FORM é
Date: . - 17-89 Inspector(s): L aywe ’Dpﬂrﬂg M ka.,', Ash ;D . 64& Aj
Motor No.:
ClLeft (A) [JRight (B) Joint: _Fwd_ £ d Ring / Nose

O-ring Location: £ Primary [0 Secondary  [] Capture Feature [ Wiper
Part Number: _JU75(50 D7

Serial Number: _ 00004

Depth;
Description: _ <wpe Be loww

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.

Show as much detail as necessary to explain the observation.

o’ 297" 270°
L = ool
D = mdekermacble
f 2. 7" l L=2.67"
[o]e]e]
REV. No.  TWR-17591 lvoe 1V
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Morton Thiokol Inc,
Space Operations

Nozzle Joint Condition - Evaluation Checkoif Worksheet

inspector(s): LLOWELL NELSEI_\)’. Ke.”a BakKe—

Motor No.: QM - & | pate: R lS!S 9

Joint: {J Throat/Fwd Exit Cone (4) ) Fwd End Ring/Nose Infet (2)
[J Fixed Housing/Aft End Ring (5) Kuose Inlet/Throat (3)
[ Fwd Exit Cone/Aft Exit Cone (1)
Case Field Joint Observations: Comment
Number
A. Soot in Proximity to / Past O-ring Groove (SPINS, SICOR Yes ‘/ No
SOINT, SPINT, SIPOR, SPPOR SISOR, SPSOR)?
B. Sooted Grease (HAGRE)? _ Yes L~ No
C. Discolored Grease (DIGRE)? Yes ¢~ No
D. Leak Check Port Obstructed (LPOBS)? Yes «~ No
E. Vent Port Obstructed (VPOBS)? Yes L No ——
F. Foreign material In the sealing area during motor operation Yes A/No
(FVU) ?
G. Rust on sealing surfaces (SSCOR)? Yes / No
H. Rust on metal parts (PITCO)? Yes " No
I.  Heat affected metal (HTAFF)? Yes “ No
J. Damaged metai sealing surface (SSMET)? Yes [ No

If any of the above conditions exist, record applicable dimensions below. Describe the observed con-
dition using a comment letter, an "F" if the condition is observed on the forward end of the joint or
an "A" if the condition is observed on the aft end of the joint and any other information needed to
completely describe the observation and its location:

DOC

REV. No.  TWR-17591 lvo 1V
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&
MORTON THIOKOL INC.
Space Operations

Detailed Nozzie Joint O-ring (Post-Removal) - Evaluation Checkoff Worksheet (Wasatch A-2 Bidg)

Inspector(s): _Rocky Ash  Layne SPﬁf-ﬂ ScotrEden D. Gaty Aeison
Motor No.:

Qm—% [ Date: 2 -)7-%9
Joint: Fwd Exit Cone/Aft Exit Cone O Fwd End Ring/Nose Inlet
[J Throat/Fwd Exit Cone (O Fixed Housing/AFt End Ring
MNou inlet/Throat
PRIMARY O-RING Part No.: __JUTSISO- 1O Serial No.: __ Yy YyyYn\19
A. Erosion? Yes _\L No
B. Heat Atfect? Yes _/  No
C. Assembly/Disassembly Damage? Yes AL No
D. Other? Describe: AL Yes _____ No
If any of the above conditions exist, record applicable dimensions below:
Condition Degree Maximum Circumfarential Distance
(A, B, C or D) Location o Depth Width CSVAP (Length)
b 704  ndeleminable 00\ _ 4.8
D 2€.%° OO\ o LCO
SECONDARY O-RING Part No.: __|1)75150-09 Serial No.: __ OCYXXOOIR

(It Applicable)

A. Eroslon? Yeos ,[ No

B. Heat Affect? — Yes _\/ No
C. Assembly/Disassembly Damage? Yes _ ./ No
D. Other? Describe: . Yes No
it any of the above conditions exist, record applicabie dimensions below:
Condition Degree Maximum Circumferentlial Distance
(A, B, CorD) Location Depth Width CSVAP (Length)
D 219.7° L0\ L0 380

Notes / Co_mmonu

AEVISION

o TWR-17591  [vo 1y
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Morton Thiockol Inc. S
Space Operations

O-RING OBSERVATION CLARIFICATION FORM

Date: 2-171-%¥9 Inspector(s): 5
Motor No.: - .

OLeft (A) [JRight (B) Joint: __Nase, Inlet / Themat

O-ring Location: Primary [] Secondary [ Capture Feature [ Wiper

Part Number: =

Serial Number: oo rmig

Depth;

Description: ee. Relmu)

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detall as necessary to explain the observation.

o o4 90
CJ‘TCUYW(‘ffcn‘“a-l L= L+ 8
aCratch le 4.8 =T
A —‘—l W= .col
D= indetemnabld
o) 79.5° ac®
Diagove! @\ L= 100
SCX‘OA‘C/L\@ \4/ = OO\
D= . 00\
@ =10
REV. RoS  TWR-17591 lvoe v
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Morton Thiokol Inc. S
Space Operations

O-RING OBSERVATION CLARIFICATION FORM

Date: 2-177-%9 Inspector(s): en)
Motor No.: {OM-% . QAnyY AELSo

ClLeft (A) ClRight (B) Joint: __ Alme TInlet / Thvpot

O-ring Location: [] Primary Secondary [J Capture Feature [ Wiper

Part Number: nWaIs1sfH-09

Serial Number:_OOOOOIR

Depth;

Description: See  Relow

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as necessary to explain the observation.

150° _219.7° 2x°

L—‘—— -3%0
w: \OO)

// D= 00!
e~ 330 5] ‘

REV. No. TWR-17591 lvo IV
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Morton Thiokol Inc.
Space Operations

Nozzle Joint Condition - Evaluation Checkoff Worksheet

Inspector(s): IKELLY PAKER, Lowell NELSEN

Motor No.: QM- R | Date: /1Y (RT
Joint: Throat/Fwd Exit Cone (4) [J Fwd End Ring/Nose Inlet (2)
[ Fixed Housing/Aft End Ring (5) O Nose Inlet/Throat (3)

[] Fwd Exit Cone/Aft Exit Cone (1)

Case Field Joint Observations: Comment
Number

A. Soot in Proximity to / Past O-ring Groove (SPINS, SICOR \/ Yes No [
SOINT, SPINT, SIPOR, SPPOR SISOR, SPSOR)?

B. Sooled Grease (HAGRE)? _ Yes v/ No

C. Discolored Grease (DIGRE)? Yes v/ No '

D. Leak Check Port Obstructed (LPOBS)? Yes ; No

E. Vent Port Obstructed (VPOBS)? Yes v, No

F. Foreign material in the sealing area during molor operation Yes \j No
(FMIJ)?

G. Rust on sealing surfaces (SSCOR)? Yes \/ No

H. Rust on metal parts (PITCO)? Yes ; No

1. Heat alfected metal (HTAFF)? Yes ; No

J. Damaged metal sealing surface (SSMET)? Yes ; No

If any of the above conditions exist, record applicable dimensions below. Describe the observed con-
dition using a comment letter, an "F" If the condition Is observed on the forward end of the joint or
an "A" if the condition is observed on the aft end of the joint and any other information needed to
completely describe the observation and its location:

l. Grease poyetrated +he RTV bondline at
205 ° kel cveated a RTV yoeid Yo ‘he
PP""\OJ_Y O—PTUa. Socot did not reech

the y 1
d pr«Mo\r\f o-Y i Ua- See Cbservatxion
("O\UOIM% Workshest,
- PSS TWR-17591 lvor 1V
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Morton Thiokol Inc.
Space Operations

Motor No.: Qp\_g Date: Q\ll'-\ l%ﬂ Time: OO
Corresponding Comment Number / Inspector(s): KELLY BAKER Lowsgel
NELSEN
RTv vou D
JAos ®

THROAT ASSEMBLY
SooT PATRH

TERMwATE D
HRERE.
FORWARD EXIT
CONE

CARBON CLOTH
PHENOLIC

CARBON CLOTH
PHENOLIC

GLASS CLOTH PHENOLIC *

GLASS CLOTH
PHENOLIC

Observation Drawing Worksheet - Throat/Forward Exit Cone Joint

DOC

RS°  TWR-17591 lvoe IV
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&
MORTON THIOKOL INC.
Space Operations

Detailed Nozzie Joint O-ring (Post-Removal) —-Evaluatlon Checkoff Worksheet (Wasatch A-2 Bidg)

Inspector(s): Sco? EDEN), WAYNE SPERRY . GA-‘T_{_AM
Motor No.: QM- 4 Date: 2-/5-89

Joint: [J Fwd Exit Cone/Aft Exit Cone ] Fwd End Ring/Nose Inlet
[ Throat/Fwd Exit Cone [ Fixed Housing/AFt End Ring
' O Nose inlet/Throat
PRIMARY O-RING Part No.: _/U7S5/50-0Ql Serial No.: __ 0000020
A. Erosion? —Yos _ 3/ No
B. Heat Affect? —Yes _y No
C. Assembly/Disassembly Damage? —Yes _3y/ No

D. Other? Describe:
If any of the above conditions exist, record applicable dimensions beliow:

Yes v No

Condition Degree Maximum Clrcumferential Distance
(A, B, Cor D) Location Depth Width CSVAP (Length)
SECONDARY O-RING Part No.: /(U 75/50-02 Serial No.: _OoO0QO 20
(If Applicable)

A. Erosion? ' Yo _/ Mo

B. Heat Affect? . Yes _|£_ No

C. Assembly/Disassembly Damage? ——Yes _\/ No

D. Other? Describe: —___Yes _4/ No
it any of the above conditions exist, record applicable dimensions below:

Condition Degree Maximum Circumferential Distance
(A, B, CorD) Location Depth Width CSVAP (Length)

Notes / Co_mmcnto

DOC

no. TWR-17591 | vo v
sec | PAcE A_44
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Morton Thiokol Inc.
Space Operations

-—

Nozzle Joint Condition - Evaluation Checkoff Worksheet

Inspector(s): KEL-L-Y RAKE R7 LowdELL NELSEN

Motor No.: QM - R [pate: 2/ (Y |9
Joint: 0 Throat/Fwd Exit Cone (4) {JFwd End Ring/Nose Inlet (2)
Fixed Housing/Aft End Ring (5) O Nose Iniet/Throat (3)

[0 Fwd Exit Cone/Aft Exit Cone (1)

Case Field Joint Observations: Comment
Number
A. Soot in Proximity to / Past O-ring Groove (SPINS, SICOR Yes v No
SOINT, SPINT, SIPOR, SPPOR SISOR, SPSOR)?
B. Sooted Grease (HAGRE)? : Yes No
C. Discolored Grease (DIGRE)}? Yes No
D. Leak Check Port Obstructed (LPOBS)? Yes No
E. Vent Port Obstructed (VPOBS)? Yes No
F. Foreign material in the sealing area during motor operation Yes lj No
(FMIJ)?
G. Rust on sealing surfaces (SSCOR)? Yes \/ No
H. Rust on metal parts (PITCO)? Yes v~ _ No
. Heat affected metal (HTAFF)? Yes [V No
J. Damaged metal sealing surface (SSMET)? Yes v No

If any of the above conditions exist, record applicable dimensions below. Describe the observed con-
dition using a comment letter, an "F" if the condition is observed on the forward end of the Joint or
an "A” if the condition is observed on the aft end of the Joint and any other information needed to
completely describe the observation and its location:

REV. P3°  TWR-17591 o 1V
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MORTON THIOKOL INC.
Space Operations

Detailed Nozzle Joint O-ring (Post-Removal) - Evaluation Checkoff Worksheet (Wasatch A-2 Bidg)

Inspector(s): WAYNE SPERRY , SCOTT” FHEN, D. Gany A crgon

Motor No.: QM-’ Date: 2-/5-£9
Joinl’ [TFwd Exit Cone/Aft Exit Cone [ Fwd End Ring/Nose Inlet
[3Throat/Fwd Exit Cone [@Fixed Housing/AFt End Ring
O Nose iniet/Throat
PRIMARY O-RING Part No.: 75/50-0S Serlal No.: m%?_
A. Erosion? Yes No
B. Heat Affect? ) Yeos : No

C. Assembly/Disassembly Damage? . Yeos No

D. Other? Describe: Yes __; No
If any of the above conditions exist, record applicable dimensions below:

Condition Degree Maximum Circumferential Distance
(A, B, CorD) Location Depth Width CSVAP {Length)
SECONDARY O-RING Part No.: /{75 /S0-04 Serial No.: _00000/9
(If Applicable) /

A. Erosion? Yeos v No

B. Heat Affect? Yes 2 No

C. Assembly/Disassembly Damage? Yes L~ No

D. Other? Describe: Yeos |~ No
If any of the above conditions exist, record applicable dimensions below:

Condition Degree Maximum Circumfarential Distance
(A, B, CorD) Location Depth Width CSVAP (Length)
Notes / Cqmmontc
REVISION %o, TWR-17591 | wvoL v
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Fix EC HousinNe/Arr eno aiNé Stal-0O-Seals - Evaluation Checkoff Worksheet

| Date: 2-2Y-%9

Motor Ne.: Quw-§
JOINt: FIXED HCUSINE JAFT EAR RIWé (sTAT)
PIN U785 387%-01 Lot Number &ct opio
inspector(s): Sco7?i EQEL, Rocky ASHK
Bolt Siat-O-Seal Observations: Comment
Number
A. Eroded Stat-O-Seals (SORE)7 Yes Y No
B. He.! Atlected Stal-O-Seals (HASOR)? Yes v No
C. Cuts, Assembly/Disassembly Damage (SCUT, SDMG, SDIS)? v Yes No
It sny of the above condilions exist, dessribe below:
All 72 stat-o-seals had exteusive dmuu...uy seal o(aw\qic.,
DoC
REV RS°  TWR-17591 lvo, 1V
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Morton Thiokol Inc.
—~ Space Operations

sase Factory Joint Condition - Zvaluation Checkoff Worksheet
Inspector(s): ,4/,;” Qr///g//a .
Motor No.: (/- | Date: <) /Kt | Time: Z47)

Joint:

1 Aft Dome Factory Joint (1817.6, ADS) (O stitt.-To-Stiff. Factory Joint {(1697.5, ASS)

1 ETA-To-Sliff. Factory Joint (1577.5, FSS){] Aft Center Segment Factory Joint (1331.5, ACS)
 Fwd Segment Factory Joint (691.5. FFS) (J Forward Center Segment Factory Joint (1011.5, FCS)
XFwd Dome Factory Joint (531.3. FDS)

Case field joint observations: Comment
Number
A. Soot in Proximity to / Past O-ring Groove (SFINS, SICOR _ Yes 7‘& No
SOINT. SPINT, SIPOR. SPPOR SISCR, SPSOR)?
3. Sooted Grease (HAGRE)? ves X _ No o __
C. Discclored Grease (DIGRE)? ___ Yes i No  __
D. Leak Check Port Obstructed (LPC8S)? Yes _ No -
E. Foreign material in the sealing area during motor operation _____ Yes é No B
(FMI) 2 7%
F.  Rust on sealing surfaces (SSCOR)? Yes z No T
- G. Rust on metal parts (PITCO)? __ Yes g No -
i. Heat affected metal (HTAFF)? ____ Yes X_No ____
Damaged metal sealing surface (SSMET)? vyes _X_ _ No -

if any of the above conditions exist. record applicaule dimensions below. Describe the observed con-
dition using a comment number. a "T" if the conditlion is observed on the tang or a "C" if the condi-
tion is observed on the clevis and any other information neeced to cescribe the cbservation:

P

73" !

TWR-17591 Lol IV
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Morton Thiokol Inc.
Space Operations

Factory Joint - Evaluation Checkotf Worksheet

Inspector(s): 4/4,4 éfjgjo _ _
Motor No.: @/M‘-( ‘ Late: /"//)7/@'“. ,//-TIMCJ LID
Joint: ’
[J Aft Dome Factory Joint (1817.5, ADS) [ Stiff.-to-Stiff. Factory Joint (1697.5, ASS)
[J ETA-to-Stiff. Factory Joint (1577.5, FSS)[] Aft Center Segment Factory Joint (1331.5. ACS)
{1} Fwd Segment Factory Joint (691.5, FFS) ] Forward Canter Segment Factory Joint (1011.3. FCS)
X Fwd Dome Factory Joint (531.5, FCS)
. Corrosion On Metal Parts (PITCO)? yes 25 no
ll. Sealing Surfaca Corrosion (SSCOR)? yes no
ll. Metal Damage (DAMML)? yes no
IV. Sealing Surface Metal Damage (SSMET)? yes A no
V. Meial Slivers In Pin Holes (MSIPH)? yes no
Vi, Other? yes no
Describe: .
If yes. record the data below. Describe the observed condition using the observation code A‘%“i\’
of the corresponding condition from above and the letter C" if the condition is observed
on the clevis or "T" if the condition is observed on the tang {i.e. PITCO-T). Fieid joint
tang and clevis zones are mapped out on the second page of this form.
Comment Description Degree Degree Zone e
Number (Use symbois Start Stop (See zone
trom above) Location Location description) »
(Deg.) {Deg.) T
Notes / Comments:
(] See attached sheet(s)
)
2% TWR-17591  [,q IV
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VIORTON THIOKOL INC.

Cetailed Case Factory Joint O-ring (Post-Removal) - Evaluation Checkoff Worksheet (‘Wasatch A-2 Bidqg)
Inspector(s):  Racky Bsh \A)a\inf Specr%]i, Adan [Pdlegn

Motor No.: (W -9 | ate: 4L/25/99
Factory Joint: 7
M?r:orward Dome Factory Joint {531.5) O Forward Segment Factory Joint (691.5)
(] Forward Canter Segment Factory Joint (1011.5) (] Att Canter Segmaent Factory Joint (1331.5)
(] Aft Segment Factory Joint (1577.5) O ant Segmaent Factory Joint (1697.5)
(] Aft Dome Factory Joint (1817.6)
PRIMARY O-RING Part No.: __ U750 - 25 Serial No.: __(YOCO2(pF
A. Erosion? Yes v/ No

B. Heat Aftect?
C. Assembly/Disassembly Damage?
D. Other? Describe:

If any of the above conditions exist, record applicable dimensions below:

Yes \/__ No
Yes »/ _ No

Yes \/_ No

Condition Degree Maximum Clircumferential Distance
(A, B, Cor D) Location Depth Width CSVAP ' {Length)
SECONDARY O-RING Part No.: }\)75150‘9—5 Seriat No.: __ QOO0 S

A. Erosion? : Yeos V4 No

B. Heat Affect? . Yes v/ Neo

C. Assaembly/Disassembly Damage?
0. Other? Describe:

Yes No
Yes No
If any of the above conditions exist, record a‘pplicablo dimensions below:

Condition Degree Maximum Circumferential Distance
(A, B, CorD) Location Depth Width CSVAP (Length)

Notes / Comments

REVISION

S, TWR-17591 | vou 1y
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Morton Thivokol Inc.
Space Operations

Ccase Factory Joint Condition - Zvaluation Chackoff Warksheeat

inscectaris): A7 Carts/e

Motor No.: /K | Date: “HR24/57 | Time: 2350

Jaint:

T Aft Dome Factory Joint (1817.5, ADS) O stitf. -To-Stiff. Factory Joint (1697.5, ASS)

(1 ETA-To-Stiff. Factory Joint (1577.3, FSS)(J Aft Center Segment Factory Joint (1331.5, ACS)

,"X. Fwd Sagment Factory Joint (631.5, FFS) D Forward Cantar Segment Factory Jeint (1011.5, FCS)
] Fwd Dome Factory Joint (531.5, FDS)

Casa field joint observations: ‘Comment
. o _ X Number
A. Soot in Proximity to / Past O-ring Groove (SPINS, SICCR Yes _ No
SOINT, SPINT, SIPOR, SPPOR SISCR, SPSOR)? C
B. Sooted Grease (HAGRE)? Yes No _
C. Discolored Grease (DIGRE)? — VYes 1No
D. Leak Check Port Obstructed (LPOBS)? __ VYes X/ No o 1
E. Foreign material in the sealing area during motor operation Yes 25 No -
(FMIJ)? S A
F£. Rust on sealing surfaces (SSCOR)? Yes _>_< ‘No _i‘ﬁk
5. PRust on metal parts (PITCC)? — VYes X _ No - ‘
4. Heat affected metal (HTAFF)? ___ VYes X_No ____
Damaged metal sealing surface (SSMET)? Yes Z No —_

if any of the above conditions exist, record applicauvie dimensions below. Describe the observed can-
dition using a comment number, a "T" if the condition is observed on the tang or a "C” if the condi-
tion is observed on the clevis and any other information neeced to describe the observation:

] - ' ¢ TWR-17591 |y v
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Morton Thiokol Inc.
Space Operations

Factory Joint — Evaluation Checkoff Worksheet

Inspector(s): 1///4;7 (2/‘//{/&’ . .
Motor No.: @W‘g ‘ Late: Q/M/ﬁ .

Joint:

[J Aft Dome Factory Joint (1817.6, ADS)  [J Stiff.—to-Stiff. Factory Joint (1697.5, ASS)

[0 ETA-to-Stiff. Factory Joint (1577.5, FSS)[J Aft Center Segment Factory Joint (1331.5, ACS)

ﬂf Fwd Segment Factory Joint (691.5, FFS) {J Forward Canter Segment Factory Joint {1011.5. FCS)
[} Fwd Dome Factory Joint (531.5, FDS) '

7/{”_«1'2340

. Corrosion On Metal Parts (PITCO)? ____ yes __)i_ no
. Sealing Surfaca Corrosion (SSCOR)? ______ yes _X_ "no
. Metal Damage (DAMML)? __yes X no
IV. Sealing Surface Metal Damage (SSMET)? —__ yes 2 no
V. Metal Slivers In Pin Holes (MSIPH)? ___ yes l_’L na
VI. Other? —yes X _ o
Describe: ' o )

If yes, record the data below. Describe the observed condition using the observation code :
of the corresponding condition from above and the letter “C" if the condition is observed .
on the clevis or "T" if the condition is observed on the tang (i.e. PITCO-T). Field joint

tang and clevis zones ara mapped out on the second page of this form.

Comment Description l Degree Degree o Zone
Number {(Use symbols Start Stop (See zone
from above) Location Location L description) ‘
" (Deg.) (Deg.) PR T ’;“T

PRV

Notas / Comments:

[ See attached sheet(s)
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MORTON THIOKOL INC.

retailed Case Factory Joint O-ring (Post-Removal) - Evaluation Checkoff Worksheet (Wasatch A-2 Bldg)

Inspector(s): [ Jaune. vy | PDCk«q /"Sl\ ’hid-m B ltega

Motor No.: QM',% [ | pate: 4-Z25--59

Factory Joint:

[ Forward Dome Factory Joint (531.5) K] Forward Segment Factory Joint (691.5)

(O Forward Center Segment Factory Joint (1011.5) [J Att Center Segment Factory Joint (1331.5)
(] Aft Segment Factory Joint (1577.5) [] Aft Segment Factory Joint (1697.5)

[] Aft Dome Factory Joint (1817.6)

PRIMARY O-RING Part No.: [475IS0-25 Serial No.: _cooo24 7

A. Erosion? » . Yes v~ No

B. Heat Affect? _ Yes —7 No

C. Assembly/Disassembly Damage? e Yes __; No

D. Other? Describe: — VYes L No
if any of the above conditions exist, record applicable dimensions below:

Condition Degree Maximum Clrcumferential Distance
(A, B, Cor D) Location Depth Width CSVAP : {Length)
SECONDARY O-RING Part No.: (75150 -25 Serlal No.: o2 |

A. Erosion? ' : Yes _;4_ No

B. Heat Affect? : e Yes v No

C. Assembly/Disassembly Damage? . Yes No

D. Other? Describe: _ Yes :5 No
If any of the above conditions exist, record applicable dimensions below:

Condition Degree Maximum Circumferential Distance
(A, B, CorD) Locatlon Depth Wwidth CSVAP {Length)
Notes /| Comments
REVISION %% TWR-17591 _ |ve1v
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Morton Thiokol Inc.
Space Operations

~ase Factory Joint Condition - Zvaluation Checkaft Warksheet

Inspector(s): %ﬂ 4:4/% /5/(?

Motor No.: (M=% | Date: ;5‘/9/3‘4 | Time: /AU
Joint: T
7 Aft Dome Factory Joint (1817.6, ADS) (I Stiff.-To-Stiff. Factory Joint (1697.5. ASS)

] ETA-To-Stitf. Factory Joint (1577.3, FSS)(J Aft Center Segment Factory Joint (1331.5. ACS)
T} Fwd Segment Factory Joint (691.5, FFS) EForward Caenter Segment Factcry Joint {1011.5. FCS)
] Fwd Come Factory Joint (531.5, FDS)
Case field joint observations: -Comment
) Number
A. Soot in Proximity to / Past O-ring Groove (SPINS, SICOR __ Yes ’Z_ No
SOINT, SPINT, SIPOR. SPPCR SISCR, SPSCR}?
8. Sooted Grease (HAGRE)? _ Yes _X__ No -
C. Discelored Grease (DIGRE}? __ VYes No -
D. Leak Check Port Obstructed {LPOBS)? ____ Yes i No - .
£. Foreign material in the sealing area during motor operation  ___ Yes _K_ No - ”‘
(FMIJ)? e
F. Rust on sealing surfaces (SSCCR)? ___ Yes ’K_ No _S‘&'g
G. Rust on metal parts (PITCO)? __ Yes § No .
4. Heat affected metal (HTAFF)? __ VYes No .
Damaged metal sealing surface (SSMET)? ___ Yes 7>L No -

If any of the above conditions exist, record applicavie dimensions below. Describe the qbserved con-
dition using a comment numger, a “T if the condition is observed on the tang or a »C” if the condi-
tion is opserved on the clevis and any other information neeced to describe the observation:

zocC

3 TWR-17591 LY
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Morton Thiokol Inc.
Space Operations

Factory Joint - Evaluation Checkoff Worksheet

Inspector(s): ///4@/%%&’ ) o
Motor No.: &/M-—Z' l Late: 'S‘/f/gi__ -

Joint:

[0 Aft Dome Factory Joint (1817.6, ADS) [ stitf.-to-Stiff. Factory Joint (1697.5, ASS)

[] ETA-to-Stiff. Factory Joint (1577.5, FSS)[J Aft Center Segment Factory Joint (1331.5, ACS)

O Fwd Segment Factory Joint (691.5, FFS)ﬂForward Center Segment Factory Joint (1011.5, FCS)
] #Fwd Dome Factory Joint (531.5, FCS)

I. Corrosion On Metal Parts (PITCO)? _____ Yes _x_ no

Il. Sealing Surfaca Corrosion (SSCOR)? _____ yes _’K_ no

. Metal Damage (DAMML)? ____ yes 7& no

IV. Sealing Surfacs Metal Damage (SSMET)? . Yes _’& no

V. Maetal Slivers In Pin Holes (MSIPH)? ____ Yes A__ ne

vi. Other? ___yes 7X_ no
Describe: L

If yes, record the data below. Describe the observed condition using the obsérva_tioh code
of the corresponding condition from above and the letter "C” if the condition is observed
on the clevis or "T" if the condition is observed on the tang (i.e. PITCO-T). Field joint

tang and clevis zones are mapped dut on the second page of this form.

iy 3

Aot

Comment Description Degree Degree =+% "d70ne
Number (Use symbols Start Stop (See zone
from above) » Location Location o description)
(Deg.) ' (Deg.)  .» iEF
Notes / Comments:
{J see attached sheet(s)
poc
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MORTON THIOKOL INC.
Space Operations

Detailed Case Factory Joint O-ring (Post-Ramoval) - Evaluation Checkoff Worksheet (Wasatch A-2 Bldg)

Inspector(s): R\rk\; Ash . Wowue Shetr :Drm PU»“Q“U‘L
Motor No.: (WP ¢ | cate:  5/i0 /89

Factory Joint:

] Forward Dome Factory Joint (531.5) J Forward Segmaent Factory Joint (691.5)
%’omard Canter Segment Factory Joint (1011.5) [0 At Center Sogment.Factory Joint (1331.5)
(] Aft Segment Factory Joint (1577.5) O ane Segment Factory Joint (1697.5)
(] Aft Domae Factory Joint (1817.6)
PRIMARY O-RING Part No.: _[[375]5(-25 Serial No.: _(0no 29 3
A. Erosion? Yes No
8. Heat Affect? ' e Yes Ne
C. Assembly/Disassembly Damage? — Yes No
D. Other? Describe: — VYes No
If any of the above conditions exist, record applicable dimensions beilow:
Condition Degree Maximum Circumferential Distance
(A, B, Cor D) Location Depth Width CSVAP (Length)
SECONDARY O-RING Part No.: __|1)75150-25 Serial No.: __ OO0Q0 250
A. Erosion? - Yes _ v/ No
B. Heat Affect? : e Yes No
C. Assembly/Disassembly Damage? — Yes No
D. Other? Describe: — Yes No
If any of the above conditions exist, record applicable dimensions below:
Condition Degree Maximum Circumferential Distance
(A, B, Cor D) Location Depth Width CSVAP (Length)
Notes / Comments
REVISION %o, TWR-17591 | ver 1y
SEC ]PAGE
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Morton Thivkol Inc.
o Space Operations

~asa Factory Joint Condition - =.;aluaticn Checkoff Worksheet
Inscectar(s): /4/,/4 (L7
Maotor No.: (D/bl—{ | Date: “///‘-//(? | Time: 20O
Joint: -

] Fwd Dome Factory Joint {(531.5, FDS)

] Aft Dome Factory Joint (1817.8, ADS) [ stiff. -To-Stiff. Factory Joint (1697.5. ASS)
(0 ETA-To-Stiff. Factory Joint (1577.3, FSS)X Aft Center Segment Factory
T Fwd Segment Factory Joint (891.3, FFS) [0 Forward Canter Segment Fa

Jaint (1331.5, ACS)
ctory Jaint (1011.5, FCS)

Case field joint observations:

A. Soot in Proximity to / Past O-ring Groove (SPINS. SICCR
SOINT, SPINT, SIPOR, SPPOR SISCR, SPSOR)?

8 Sooted Grease (HAGRE)?

C. Discolored Grease (DIGRE}?

D. Leak Chack Port Obstructed (LPCBS)?

E \Foreign material in the sealing area during motor operation
(FMIY?

F. Rust on sealing surfaces (SSCOR)?

G. Rust on metal parts (PITCO)?

4. Heat affected metal (HTAFF)?
Damaged metal sealing surface (SSMET)?

IR

Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

No

No
No
No
No

No
No
No
No

b fe TRk 1<
I

Camment
Number

0 '
7/> C’) - L)?)U’Coﬂi}on n C}gy,} T entie (/'f(,l)lﬂé‘(aw

if any of the above conditions exist, record applicaule dimensions beiow. Des
dition using a comment number. a "T" if the condition is observed on the tang or a "Cc”
tion is observed on the clevis and any other information needed to describ

D F-C: Mt $orelsn mattlsl hefvicen _Q)qurd wall of gfobvf and /)("n.an/ Ovﬂ'nj i

aribe the observed con-
it the condi-
e the observation:

(T ¢ bt crmea syt b S0 LTHHE CoeynkLeT
]_ . 1(1! e - —_
Rev. DOC
. NO. TWR-17591 VOL IV
SEC

Page A-57



Morton Thiokol Inc.
Space Operations

Factory Joint - Evaluation Checkoff Worksheet
Inspactor(s): //4/, Qr//s/f o . :
Motor No.: (Y/M“4 ‘ Unle:%y/éC . s 730

Joint:

[ Aft Dome Factory Joint (1817.6, ADS) O stiff.-to-Stiff. Factory Joint (1697.5, ASS)

[ ETA-to-Stiff. Faclory Joint (1577.5, FSS)E Aft Canter Segment Factory Joint (1331.5, ACS)

(0 Fwd Sagmaent Factory Joint (691.5, FFS) (] Forward Canter Segment Factory Joint (1011.5. FCS)
(] Fwd Dome Factory Joint (531.5, FCS)

. Corrosion On Metal Parts (PITCO)? _X yes __ no

. Sealing Surfaca Corrosion (SSCCR)? ___ yes _X‘ no

M. Metal Damage (DAMML)? __yes _X no

IV. Sealing Surface Metal Damage (SSMET)? - Yes _2_<_ no

V. Metal Slivers In Pin Holes (MSIPH)? __Yyes 7&_ no

Vi, Other? ___yes _L no
Describa: o

If yes, record tHe data below. Describe the obsarved condition using the observation code
of the corresponding condition from above and the letter "C" if the condition is observed
on the clevis or "T" if the condition is obsarved on the tang (i.e. PITCO-T). Field joint

tang and clevis zones ara mapped out on the second page of this form.

Comment Description Degree Degree Zone
Number (Use symbols Start Stop (See zone
from above) Location Location © . description)
(Deg.) (Deg)
/=C 0 360 A
/-7 %, 360 - _B

.INotas / Commants:

{7 See attached sheet(s)

ooC

NO. TWR-17591 ver 1V
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IVIOR TON | HIUKOL IHC.
Space Operations

Detailed Case Factory Joint O-ring (Post-Removal) - Evaluation Checkoff Worksheet (Wasatch A-2 Bidg)

Inspector(s): ”RQ(;LJ ]-\:;k‘ Weapo e Dau }u«“‘t‘lhi
Motor No.: (gn’\—%’l ! ‘ Jd Date: ‘]‘%(8/?‘7

Factory Joint:

(] Forward Dome Factory Joint (531.5) (] porward Segment Factory Joint (691.5)
(] Forward Center Segment Factory Joint (1011.5) Aft Center Segment Factory Joint (1331.5)
[C] Aft Segment Factory Joint (1577.5) [J Aft Segment Factory Joint (1697.5)
[] Aft Dome Factory Joint (1817.6)
PRIMARY O-RING Part No.: _ |\ D105 Serial No.: oo ayr -y
A. Erosion? - — Yes _\/__ No
B. Heat Affect? _ Yes No
C. Assembly/Disassembly Damage? " Yes No
D. Other? Describe: — Yeos No
if any of the above conditions exist, record applicable dimensions below:
Condition Degree Maximum Clrcumferential Distance
(A, B, CorD) Location Depth width CSVAP : (Length)
SECONDARY O-RING Part No.: _|UT7D150-25 Serial No.: __(x0O 24|
A. Erosion? Yes _)4_ No
B. Haeat Affact? ‘ : ______Yes _/ No
C. Assembly/Disassembly Damage? . Yes _L No
D. Other? Describe: e Yes _L No

If any of the above conditions exist, record applicable dimensions below:
Condition Degree Maximum Circumferential Distance
(A, B, CorD) Location Depth width CSVAP (Length)

Notes / Commaents

REVISION | . NG _TWR-17591  |ver1v
SEC IPAOE
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Morton Thiokol Inc.
Space Operations

case Factory Joint Condition - Zvaluation Checkoff Worksheet

Inspectorts): /17]‘/4ﬂ C;MT/W //6‘/?" /@OV@P//

Moter No.: &Mw{{ ’ | Date: 3/)/??{ | Time: /<37

Joint: '

] Aft Dome Facto-y Joint (1817.5, ADS) (O stitf. -To-Stiff. Factory Joint (16397.5, ASS)

X ETA-To-Stiff. Factory Joint (1577.5, FSS)(J Aft Center Segment Factory Joint {1331.5, ACS)
Fwd Segment Factory Joint (681.5, FFS) [ Forward Center Segment Factory Joint (1011.5, FCS)
Fwd Dome Factory Joint (531.3, FDS)

O 3R

Case field joint observations: Comment
Number
A.  Scot in Proximity to / Past C-ring Groove (SPINS. SICOR __ Yes A No
SOINT, SPINT, SIPOR, SPPOR SISCOR, SPSOR)?
8. Sooted Grease (HAGRE)? ____ Yes No -
C. Discclored Grease (DIGRE)? ____ Yes - No -
D. Leak Check Port Obstructed (LPOBS)? ____ Yes . No
E. Foreign material in the sealing area during motor operation ___ Yes ﬁ No -
(FMIJY 2 l
F. Rust cn sealing surfaces (SSCOR)? __ Yes _X_ No -
G. Rust on metal parts (PITCO)? X Yes ____ No Lz
Y. Heat affected metal (HTAFF)? —_Yes X No —-—
Damaged metal sealing surface (SSMET)? __Yes X No

If any of the above conditions exist, record appiicavie dimensions below. Describe the observed con-
dition using a comment numter. a "T" if the condition is observed on the tang or a "C” if the condi- -
tion is observed on the clevis and any other information needed to describe the observation:

/) La Trm, OV ond 5/00/7} Ji5hF 70 mce) {/m_aorrosl’on oh quibrcless /f},
2) Liht Cortesin iy cle's botbm af 011000

jojole]

2% TWR-17591 oo, 1V
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Morton Thiokol Inc.
Space Operations

Factory Joint - Evaluation Checkoff Worksheet

memscorer s Lorlide, Line Koyse//

Motor No.: (:Q/MY \U"“’: '}/j;/ﬁ ______ -_

Joint:

[0 Aft Dome Factory Joint (1817.6, ADS)

[ Fwd Segment Factory Joint (691.5,
[J Fwd Dome Factory Joint (531.5, FCS)

X ETA-to-Stiff. Factory Joint (1577.5, FSS) [ Aft Center Segment
FFS) O] Forward Center Segment Factory Joint (1011.5, FCS)

[ stiff.-to-Stiff. Factory Joint (1697.5, ASS)
Factory Joint (1331.5, ACS)

V.

i1,
v,

Vi,

Corrosion On Metal Parts (PITCO)? _2{_ yes _____no

Sealing Surfaca Corrosion (SSCOR)? _____ yes __/5_ no

Metal Damage (DAMML)? X _ yes _____no

Sealing Surface Metal Damage (SSMET)? ____ Yes _2§_ no

Metal Slivers In Pin Holes (MSIPH)? ___yes _X_ no

Other? ______yes __X_‘ no
Describe: ‘

If yes, record the data below. Describ

of the corresponding condition from above and the letter

e the observed condition using the observation cpde

»c" if the condition is observed

on the clevis or "T" if the condition is observed on the tang (i.e. PITCO-T). Field joint

tang and clevis zones ar

e mapped out on the second page of this form.

Comment Description Degree Degree Zone
Number (Use symbols Start Stop (See zone
from above) Location Location description)
(Deg.) (Deg.)
) DIm-C Twsar st Y M
2 21/ —c [0/ /02 o
ES omml-C . [2.224.37 24 Val
3 ol < 3K, 36 £
Notes / Commaents:
[) Tt HEAT 41 @, it 7o mddivm
2) L HT CotTTSITN
2) SLralhes
] see attached sheet(s)
REV. 0% . TWR-17591 e, 1V
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NMORTON THIOKOL INC.

Detailad Casa Factory Joint O-ring (Post-Removal) - Evaluation Checkoff Worksheet (\Wasatch A-2 8idg)

inspector(s):{ laue  Sherry  Recks Azt | . Gane AMerson

Motor Nao.: E)m-ﬂ" | Date: B/e/X9
Factory Joint:
] Forward Dome Factory Joint (531.5) d Forward Segment Factory Joint (£91.5)
[[] Forward Center Segment Factory Joint (1011.5) [C] Aft Center Segment Factory Joint (1331.85)
] Aft Segment Factory Joint (1577.5) [J Aft Segment Factory Joint (1697.5)
(J Att Dome Factory Joint (1817.6)
PRIMARY O-RING Part No.: [UW 75190 -25 ‘Serial No.: OOCO 2 O
A. Erosion? . ' Yes . Neo

B. Heat Affect?
C. Assembly/Disassembly Damage?
D. Other? Describe:
If any of the above conditions exist, record applicable dimensions below:

Yas v~ No
Yes ¢~ No

Yeas i No

Condition Degree Maximum Circumferential Distance
(A, B, CorD) Location Depth Width CSVAP : (Length)
SECONDARY O-RING Part No.: (175150 -25 Serial No.: _(2X00O 2 202
A. Erosion? : Yes r~  No
B. Heat Affect? . Yes v~ No
C. Assambly/Disassembly Damage? Yes L~ Neo
D. Other? Describe: Yes L~ No
If any of the above conditions exist, record applicable dimensions below:
Condition Degree Maximum Circumfersntial Distance
(A, B, Cor D) Location Depth Width CSVAP (Length)
Notes / Comments
4
poc
REVISION No. TWR-17591 | veu 1v
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Aorion Thiokol Inc.

.. Space Operations

sase Factory Joint Condition - Zvaluation Checkoff Worksheet
tone A Larl G L 4vE Rwisel!
Moter No.: o/ e | Date: £5 &7 | Time: 22470

Joint:

] Aft Dome Factory Joint {1817.6. ADS) EStiff.—To—Sliff. Factory Joint (1697.3, ASS)

[ eTA-To-Stiff. Factory Joint (1577.5, FSS)[J Aft Center Segment Factory Joint (1331.5. ACS)

T Fwd Segment Factory Joint (691.5, FFS) O Forward Center Segment Factory Joint (1011.5. FCS)
] Fwd Come Factory Joint (531.3. FOS)

Case field joint observations: Comment
Number
A. Soot in Proximity to / past O-ring Groove (SFINS, SICOR ___Yes A No
SOIMT, SPINT. SIPOR, SPPOR SISOR, SPSOR)? ‘ i
3. Socoted Grease (HAGRE}? I Yes . No I
c. Discclored Grease (DIGRE)? ___ Yes _x’_ No -
. Leak Check Port Obstructed (LPOBS)? __ Yes > No I
£ Foreign material in the sealing area during motor operaticn _'X__ Yes No _!__
(FMI)? ‘ ~
“£.  Rust on sealing surtaces (SSCOR)? __Yes X__ No .
A. Rust on metal parts (PITCO)? X Yes No 2
4. Heat affected metal (HTAFF)? - Yes X No I
Damaged metal sealing surface (SSMET)? ____ Yes X No .

If any of the above conditions exist, record applicavle dimensions betow. Describe the observed con-
dition using a comment number, a "T" if the condition is observed on the tang or a "C" if the condi-
tion is observed on the clevis and any other information neeced to describe the opservation:

DNFMO-C: Fker on Jnd betneen O-ting GIOOVE
2) Light dansHam o Sccondaty grooved /52327344554
e

' 23¢ TWR-17591 lose 1V
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Morton Thiokol Inc.
Space Operations

Factory Joint - Evaluation Checkotf Worksheet

Y A I

Motor No.: @Mv\'_/ l Late: ﬁ/i,_/gz L _

Joint: i

(O Aft Dome Factory Joint (1817.8, ADS) HStifi.—to—Sliﬂ. Factory Joint (1697.5. ASS)

[0 sTA-to-Stiff. Factory Joint (1577.3. FsS) ([0 Aft Center Segment Factory Joint (1331.5, ACS)

0 Fwd Segment Factory Joint (691.5, FFS) [ Forward Center Segment Factory Jaint (1011.5. FCS)
[ Fwd Dome Factory Joint (531.5, FCS)

. Corrosion On Metal Parts (PITCO)? _Av_ yes . no

. Sealing Surfaca Corrosion (SSCOR)? ______yes _X_ no

1. Metal Damage (DAMML)? X_yes ___no

V. Sealing Surface Metal Damage (SSMET)? ____yes _9(!_ no

V. Metal Slivers In Pin Holes (MSIPH)? ____yes no

Vvi. Other? ___yes i no
Describe:

If yes, record the data below. Describe the observed condition using the observation code
of the corresponding condition from above and the letter "C" if the condition is observed
on the clevis or "T" if the condition is observed on the tang (i.e. PITCO-T). Field joint

tang and clevis zones are mapped out on the second page of this torm.

Comment Description Degree Degree Zone
Number (Use symbols Start Stop (See zone
from above) Location Location description)
(Deg.) (Deg.)

/ fro-¢ 22/ /32 M

2 Biito-c [D-21.32 =55, )05 O

> DMunl-C . _35% 35y £

Notes / Comments: ST v DCM&% %7?"3-‘ aber2? JLTLNS,

/> ﬁmm."#éf'lfmc"’l"’” C’o‘/ﬁ/f'y\?;, -
- oL 1350 v ST CimG
/\ﬂﬁm%ﬁ/}é/}fcd a v

[

2y Sruiih

SGLIOItY glbw'é % (T

T cae attached sheet(s)
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Datailed Case Factory Joint Q-ring (Post-Removal) - Evaluation Checkoff Worksheet- (‘\Wasatch A-2 Bldqg)

Inspector(s): K K ! e SAPQT(“, ' D, A4y ﬂ)aca/
Motor No.: RN~ d T Date: =2 —IC -%9

Factory Joint:

(] Forward Dome Factory Joint (531.5) (J Forward Segmaent Factory Joint (691.5)

(] Forward Canter Segment Factory Joint (1011.5) [ At Center Segment Factory Jeint (1331.5)
[ Aft Segmaent Factory Joint (1577.5) i At Segmant Factory Joint (1697.5)

(] Aft Dome Factory Joint (1817.6)

PRIMARY O-RING Part No.: __ U5 15p-25 ! Serial No.: OO 392
4 ) Yes / No

Yes t  No
Yes No
—5

Yes No

A. Erosion?

B. Heat Atfect?

C. Assembly/Disassembly Damage?
D. Other? Describe:
-{ If any of the above conditions exist, record applicable dimensions balow:

Condition Degree Maximum Clreumferential Distanca
(A, B, Cor D) Location Depth Width CSVAP : (Length)
SECONDARY O-RING Part No.: _ Y\ 151580-25  Sserial No.: __ O 27k

A. Erosion? : Yes _/ No

B. Heat Affect? ___ Yes No

C. Assambly/Disassembly Damage? —_ Yes No

D. Other? Describe: —__ VYes No
If any of the above conditions exist, record applicable dimensions below:

Condition Dagree Maximum Circumferential Distance
(A, 8, Cor D) Location Depth Width CSVAP (Length)

Notes / 'Comments

N TWR-17591 | vottv

REVISION

SEC ] PAGE €5
A-



Morton Thiokol Inc.
Space Operations

case Factory Joint Condition - Zvaluation Checkoff Worksheet
nsvecorsl Fn (e . e Bl
Motor No.: ()Y -X | Date: j/yff | Time: (2336

Joint:
XAH Dome Factory Joint (1817.8, ADS) [ stiff. -To-Stift. Factory Joint (16397.5, ASS)

[ ETA-To-Stiff. Factory Joint (1577.5, FSS){J Aft Center Segment Factory Joint (1331.5, ACS)

T Fwd Segment Factory Joint (691.5, FFS) CiForward Center Segment Factory Joint (1011.5, FCS)
J Fwd Dome Factory Joint (531.5, FDS) )

Case field joint observations: Comment
Number
A. Scot in Proximity to / Past O-ring Groove (SPINS, SICOR ___ Yes x No
SOINT, SPINT, SIPOR, SPPOR SISOR, SPSCR)?

B. Sooted Grease (HAGRE)? _—_ Yes 3 No -

C. Discolored Grease (DIGRE)? __ VYes X No -

D. Leak Check Port Obstructed (LPOBS)? _____ Yes X_ No -

E. Foreign material in the sealing area during motor operation __ Yes x No -

(FMi1J)? :

F. Rust cn sealing surfaces (SSCOR)? _____ Yes ES No -
| G. Rust on metal parts (PITCC)? X Yes No AN
"H. Heat affected metal (HTAFF)? ___ Yes Pa No -

Damaged metal sealing surface (SSMET)? ______ Yes X _ No -

If any of the above conditions exist, record appiicaule dimensions below. Describe the observed con-
dition using a comment number, a "T" if the condition is observed on the tang or a "C” if the condi.
tion is observed on the clevis and any other information needed to describe the observation:

DL — TP milen medim Corrosn on pde 58 UBr clevis e j

DOC
NO. TWR-17591 VvOL IV
SEC Page A-66

Rev.




Morton Thiokol Inc.
Space Operations

Factorv Joint — Evaluation Checkoff Warksheet

Inspector(s)://///,, QP//SK %VZ’__%WS(_'//'
Motor No.: @ﬂvy \ Date: 5/5"/?_7__-_4.__

Joint:

O Fwd Dome Factory Joint (§31.5, FCS)

B Aft Dome Factory Joint (1817.5, ADS) [ Stiff.~to-Stiff. Factory Joint (1697.3, ASS)
[0 ETA-to-3tiff. Factory Joint (1577.5, FsS) (0 Aft Center Segment Factory Joint (1331.5, ACS)
O Fwd Segment Factory Joint (691.5, FFS) [ Fonward Center Segment Factory Joint (1011.5, FCS)

I. Corrosion On Metal Parts (PITCO)? X yes ____ no

II. Sealing Surfaca Corrosion (SSCOR)? ___ yes _2{__ no

M. Metal Damage (DAMML)? _A yes _____ no

IV. Sealing Surface Metal Damage (SSMET)? ___ yes _x_ no

V. Metal Slivers In Pin Holes (MSIPH)? ____ yes _x__ no

Vi. Other? __yes X no
Dascribe:

tang and clevis zones are mapped out on the second page of this form.

Comment Description Degree Degree
Number (Use symbols Start Stop
from above) Location Location
(Deg.) (Deg.)

LroHWL  Tftmitton entec Gramketenee

e

If yes, record the data below. Describe the observed condition using the observation code
of the corresponding condition from above and the letter "C" if the condition is observed

an the clevis or "T" if the condition is observed on the tang (i.e. PITCO-T). Fieid joint

Zone
(See zone

description)

A

E

2z OmuL-C G 22836, 3.2 A0 RS

204 B3 34
3 LAwLT o 24

AR

Notes / Comments:
Jy miedim Eim

}> '>/Cf21 Thes

2) & s 1 15 down Wi o bt surkee B chamler cotare

[J See attached sheet(s)

0o  TWR-17591
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Detailad Case Fac!ory Jeint O-ring (Post-Removal) - Evaluation Checkoff Worksheet (‘Wasatch A-2 8idg)

inspector(s): [R¢ K\l AS\" havae th'{LL\/ , D 8And A)ELQ’/J
Motor No.: (M —Q ' ! ' ¢ Date: 3 -, _??
Factory Joint:
[J Ferward Domae Factory Joint (531.5) {(J Forward Segment Factory Joint (691.5)
[J Forward Canter Segment Factory Joint (1011.5) [ At Center Segment Factory Joint (1331.5)
(] Aft Segment Factory Joint (1577.5) (J Aft Segmaent Factory Joint (1697.5)
[ Aft Dome Factory Joint (1817.6)
PRIMARY O-RING Part No.: __|\) ]5190-28  Serial No.: ___OCxz{Q7]
A. Erosion? ' — Yes _ 3/ No
B. Heat Affect? — .. Yes v No
C. Assambly/Disassembly Damage? — VYes N No
D. Other? Describa: —— Yas _ \/ No
If any of the above conditions exist, record applicable dimensions balow:
Condition Degree Maximum Clrcumferential Distance
(A, B, C or D) Location Depth Width CSVAP . (Length)
SECONDARY O-RING Part No.:  {UI75i50-F5 Serial No.: ___COryn 29|
A. Eresion? : Yes v~ No
B. Heat Affact? _ __ Yes No
C. Assembly/Disassembly Damage? —_ Yes No
D. Other? Describe: — VYes No
If any of the above conditions exist, record applicable dimensions below:
Condition Degree Maximum Circumferential Distance
(A, B, Ceor D) Location Depth width CSVAP {Length)
Notes / Comments
AEVISION Q. TWR-17591 | vou 1v -
SEC 'PAGE
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Morton Thiokol Inc.
Space Operations

Detailed Port Plug O-ring (Post-Removal) - Evaluation Checkoff Worksheet

Motor No.: (N M — 8

. | pate: 3-!3-187

Joint: [X] S&A to Adapter (S&A) [C] Adapter to Case (IGN)

] Adapter to Chamber (IGl)

Plug: [ Leak Check(LEAK) Degree /< b

inspector(s): Scot Eden) Rocky Ash, GARY NEISON

PRIMARY O-RING Comment
Part No.: Lot No.: Number
A. Erosion (PORE)? —__ Yes — No

B. Heat Affect (HAPOR)? — Yes No __

C. Cuts, Assembliy/Disassembly Damage (PCUT, PDMG, PDIS)? Yes e No __

If any of the above conditions exist, record below:

SECONDARY O-RING (or Shoulder

Part No.: lUSoaaE?—(iS Lot Z\lo.: ECLo0I13 Szm?:,m
A. Erosion (SORE)? ______ Yes %No

B. Heat Affect (HASOR)? - s Y No __

C. Cuts, Assembly/Disassembly Damaga (SCUT, SDMG, SDIS)? __\/:s _ No _|

If any of the above conditions exist, recaord below:

[ 0-rimg had o.bd. Circom Lerential P MpresSioN

CLOSURE SCREW O-RING Comment
Part No.: Lot No.: Number
A. Erosion (CORE)? Yes No
B. Heat Affect (HACOR)? Yes No
C. Cuts, Assembly/Disassembly Damage (CCUT, CDMG, CDIS)? Yes No
If any of the above conditions exist, record below:

. RS TWR-17591 lvor 1V

SEC
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Space Operations

Detailed Port Plug O-ring (Post-Removal) - Evaluation Checkoff Worksheet

Motor No.:E—M -8

[oate:_5-13-839

Joint: MS&A to Adapter {S&A) E] Adapter to Case (IGN) D Adapter to Chamber {IGI)
Prug: 4 Leak Check(LEAK) _ Degree 30 [

Inspector(s): S o 4+t Eégw Roclqy
PRIMARY O-RING 4

Al CARY NELSOM

Comment
Part No.: Lot No.: Number
A. Erosion (PORE)? _ Yes __ No
B. Heat Affect (HAPOR)? __ Yes _ No ____
C. Cuts, Assembly/Disassembly Damage (PCUT, PDMG, PDIS)? ____ Yes No ___
If any of the above conditions exist, record below:
SECONDARY O-RING (or Shouider) Comment
Part No.: ~ Lot No.: \/ Number
A. Erosion (SORE)? —Yes _V No
B. Heat Affect (HASOR)? _____ Yes ___\/No -
C. Cuts, Assembly/Disassembly Damag2 (SCUT, SDMG, SDIS)? __\é Yes ___No _L__
If any of the above conditions exist, record below:
" SCC_ O—PTQ% ObS((\I‘\.""OU ‘CO('M,
CLOSURE SCREW O-RING Comment
Part No.: Lot No.: Number
A. Erosion (CORE)? ____ Yes No
B. Heat Affect (HACOR)? __ Yes ____ No _
C. Cuts, Assembliy/Disassembly Damage (CCUT, CDMG, CDIS)? Yes No __
If any of the above conditions exist, record below:.

Rev. P9°  TWR-17591 lvor 1V
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Morton Thiokol Inc.
Space Operations

O-RING OBSERVATION CLARIFICATION FORM

Date ﬁ’-'\g - 39 Inspector(s) Scotd Eden , Roc Ky /S«S_L\_r
Motor No. GARY l\)e =19 !

Joint (Orélug;and Degree): 30k MY 2 A
O-Ring Location: [J Primary Secondary [ Capture Feature Owiper [ Closure
Part Number: -

Serial or Lot Number:
Description: e belowd.

Note o Nery liahY Coad ~x Qycase.

w o U <i7¢ A -rina S uas Ty s ta lled

{ Too  larae ‘" d\(o\Mu“'cr‘\_ O—FTM&

FOS;+;GU(dU oA Fhrcoad aide

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as necessary to explain the observation.

REFERENCE

H!IIHIII
T

o)
N

\

ks

" 0.0, EXTRUSION 1.0, EXTRUSION

28°  TWR-17591 lvow 1V

REV.
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Morton Thiokol Inc.
Space Operations

Detailed Port Plug O-ring (Post-Removal) - Evaluation Checkoff Worksheaet

Motor No.: /DM - R | Date: 32-123-89
Joint: (C] s&A to Adapter (S&A) [ Adapter to Case (IGN) [0 Adapter to Chamber (IGI)

Prug. [ Leak Check(LEAK) Degree SIT S ot [X° a wd 19%°

Inspector(s): S c ot 4 Eden) . Qork\71 /\(\A/ C-ARY Melson

PRIMARY O-RING Comment
Part No.: () SORAR— 'X Lot No.: Number
A. Erosion (PORE)? Yes l/ No

B. Heat Affect (RAPOR)? Yes \/_ No

C. Cuts, Assembly/Disassembly Damage (PCUT, PDMG, PDIS)? Yes Vv No

If any of the above conditions exist, record below:
MOTE- This sbservations i1s Lor beoth SEL PIVgS,
Primary Scals.

SECONDARY O-RING (or Shouider)

Comment
Part No.: | W50 @K =R KX Lot No.: Number
A. Erosion (SORE)? Yes \/ No
B. Heat Affect (HASOR)? Yes v~ No
C. Cuts, Assambly/Disassembly Damaga (SCUT, SDMG, SDIS)? Yes L~ No

If any of the above conditions exist, record below:

NoTE® This obsc vakioN 15 Lor bethh STIXT
]’\U%S, SCConGr\/ ScalsS.

CLOSURE SCREW O-RING

Comment
Part No.: Lot No.: Number
A. Erosion (CORE)? Yes No
B. Heat Affect (HACOR)? Yes No
C. Cuts, Assembly/Disassembly Damage (CCUT, COMG, CDIS)? Yes No
If any of the above conditions exist, record below:
REV. Ro°  TWR-17591 lvow 1V

SEC | PAGE A-77



Morton Thiokol Inc.
Space Operations

Case Joint Plug and Plug Hole - Evaluation Checkoff Worksheet

Motor No.: (dm-Y

l Date:

2 ~b-7F

Inspector(s): K. f3a k_

Joint:
Forward Field Joint (851.5, FWD)
[ Aft Field Joint (1491.5, AFT)

[0 Center Fieid Joint (1171.5, CTR)
[} Nozzle-to-Case Joint (1875.2, NOZ)

Plug: [X] Vent Port (VENT) [] Leak Check (LEAK) | Degree Locatlon: /3¢
PIN: (wle42s—03 Lot Number: Ectope L
Plug, plug hole observations: Comment
Number
I. Soot Past Seals(SPINS, SICOR, SOINT, Yeos — No
SPINT, SIPOR, SPPOR SISOR, SPSOR)? o
. Forelgn Material (FMIJ)? Yes No
l. Heat Affected Plug (HAPOR, HASOR, HACOR)? Yes 1~ No
IV. Rust on sealing surfaces (SSCOR)? Yes « " No
V. Rust on metal parts (PITCO)? Yes " No
Vl. Damaged metal sealing surface (SSMET)? Yeos +~ No
VIl. Damaged metal other than sealing surface (DAMML)? Yes “~ No
/M. Plug hole damage, deformed threads (DBHOL)? Yes l/No
if any of the above conditions exist, describe below:
REV. RS.  TWR-17591 lvo 1V

8EC
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Morton Thiokol Inc.
Space Operations

Detaile& Port Plug O-ring (Post-Removal) - Evaluation Checkoff Worksheet
Motor No.: ((yit-& | Date: & FER &7

omt: [REwp _[lctrn [larr  []NOZ
plug: K] Vent Port(VENT) [ Leak Check(LEAK) _ Degree /55
inspector(s):  redt Ldece ,  ALocky sl Corrny  ffeloory
PRIMARY O-RING ’ ’ ’ ’

: Comment
Part No.: _[(15022% = d¢  LotNo: _FCL oo Number
A. Erosion (PORE)? Yes L No
B. Heai Affect (HAPOR)? Yes L—"No
C. Cuts, Assambly/Disassembly Damage (PCUT, PDMG, PDIS)? L— Yes No {
If any of the above conditions exist, record below:
{. EX‘{’(‘USI'O 1) ID’“’"’G' c
7 ¢ gr(CarecTE® )
Sce ATTHCHED Cl4@ica7/ Y SHEET

SECONDARY O-RING (or Shoulder) Comment
part No.: [0Sc2z2.¥ - IS Lot No.: £CL 055 o Number
A. Erosion (SORE)? Yes No

Heat Affect (HASOR)? Yes " No

Cuts, Assembly/Disassembly Damage (SCUT, SDMG, SDIS)? Yes No
if any of the above conditions exist, record below:
Part No.: |p5C22.% - 25 Lot No.: ECL /S P Number
A. Erosion (CORE)? Yes €~ No
8. Heat Affect (HACOR)? Yes Lt~ No
C. Cuts, Assembly/Disassembly Damage (CCUT, CDMG, CDIS)? Yes " No
If any of the above conditions exist, record below: .

Mot ¢ ©-R2ulG LS s Frenccd O THEHD Srpe o
g Groare .
REV. R3°  TWR-17591 lvo IV
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Morton Thiokol Inc.
Space Operations

O-RING OBSERVATION CLARIFICATION FORM

Date & B 57 Inspector(s) S‘Cr'%'/ Eoleat , /ézc.éq /% /1 ” Gﬂ”b/ //6407?
Motor No. _(ui1=-& 4 4
Joint (Or Plug and Degree): 13S °  FuD FIELD

O-Ring Location: Primary []Secondary [ Capture Feature [Qwiper [Closure

Part Number: _/UTO 22 -4
Serial or@mber: lel é"f’()(/

Description:
Typica/ Q1. & /o> Extrosies Q/awa/ae (ﬂa§fa%)

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.

Show as much detail as necessary to explain the observation.

PRIMARY
()
T ! REFERENCE
i ' ,
|
t b t
b ! ‘w
Y

0.0. ExTausios X.0. ExTRusicw

REV. R3¢ TWR-17591 |\,c,L v
- SEC lPAGE A-75




Morton Thiokol Inc.

Space Operations

Case Joint Plug and Plug Hole - Evaluation Checkoff Worksheet

Motor No.: éPm - B)

| Date: 2 ~6-§9

Inspector(s): & Rake

Joint:

[ Forward Fleld Joint (851.5, FWD)
] Att Field Jolnt (1491.5, AFT)

[A center Fleld Joint (1171.5, CTR)
[] Nozzle-to-Case Joint (1875.2, NOZ)

Plug: X vent Port (VENT) [ Leak Check (LEAK) | Degree Location: ['55'
P/N: ST 25 -03 Lot Number: Eeccocoy
Plug, piug hole observations: Comment
: ) Number

1. Soot Past Seals(SPINS, SICOR, SOINT, Yes v No

SPINT, SIPOR, SPPOR SISOR, SPSOR)? o
. Foreign Material (FMIJ)? Yes No
. Heat Affected Plug (HAPOR, HASOR, HACOR)? Yes <« No
V. Rust on sealing surfaces (SSCOR)? Yes % No
V. Rust on metal parts (PITCO)? Yes v No
Vl. Damaged metal sealing surface (SSMET)? Yes i~ No
Vil. Damaged metal other than sealing surface (DAMML)? Yes ~ No
JZlll. Plug hole damage, deformed threads (DBHOL)? Yes L~ No
If any of the above conditions exist, describe below:

poc
REV. NO. TWR-17591 |VOL vV
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-Morton Thiokol Inc.
Space Operations

Detaile& Port Plug O-ring (Post-Removal) - Evaluation Checkoff Worksheet

Motor No.: W\ - |pate: ( FEB §F
Joint: [1Fwo [Kctr [laFrr []NOZ
Plug: X Vent Port(VENT) [] Leak Check(LEAK) Degree /35 °
Inspector(s): S f1 Ede Loc &y /]i-/; (—exi'y /(/t’/j’c?{1
_ ' ' ' /
oo, [080028-4  tathe: ECCrOf Normoer
A. Erosion (PORE)? ) ____ Yes __‘{ No :
B. Heai Affect (HAPOR)? _ Yes _ Y No ___
C. Cuts, Assembly/Disassembly Damage (PCUT, PDMG, PDIS)? ____ Yes __'_/_/ No _/.
If any of the above conditions exist, record below:
[. .D. ctncd 0.0, C-':"cuu/\ﬂ're, nylr'a./ }.«hprfss;o-x\ (Ex?éCTC'D>

SECONDARY O-RING (or Shoulder) Comment
Part No.: {05022~ 19 Lot No.: ZCL 003D Number
A. Erosion (SORE)? —_ Yes / No

Heat Affect (HASOR)? __ Yes ; No ____

Cuts, Assembly/Disassembly Damage (SCUT, SDMG, SDIS)?  __ Yes _ L7 No
If any of the above conditions exist, record below:

!

CLOSURE SCREW O-RING - Comment
3art No.: _|US0Z2%-25 Lot No.: ECL cxO/5 S Number
A. Erosion (CORE)? _ _Yes _ Y No
B. Heat Affect (HACOR)? Yes _‘f No
C. Cuts, Assembly/Disassembly Damage (CCUT, COMG, CDIS)?  ______ Yes ____'/ No ___
If any of the above conditions exist, record below:

REV. B3°  TWR-17591 lvor 1V
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Morton Thiokol Inc.
Space Operations

Case Joint Plug and Plug Hole - Evaluation Checkoff Worksheet

Motor No.: (XM =—F

Date:

z-4-5F

Inspector(s): k. Raker

Joint:

(O Forward Field Joint (851.5, FWD)
B Aft Field Joint (1491.5, AFT)

(O center Field Joint (1171.5, CTR)
[J Nozzle-to-Case Joint (1875.2, NOZ)

Plug: <] Vent Port (VENT) [] Leak Check (LEAK) | Degree Location: /35
PIN: [ UTb4zs-03 Lot Number: Ectoool
Piug, plug hole observations: Comment
Number

I Soot Past Seals(SPINS, SICOR, SOINT, Yes “No

SPINT, SIPOR, SPPOR SISOR, SPSOR)?
Il.  Foreign Material (FMIJ)? Yes _“" No
I, Heat Affected Plug (HAPOR, HASOR, HACOR)? Yes +~ No
IV. Rust on sealing surfaces (SSCOR)? Yes &~ No
V. Rust on metal parts (PITCO)? Yeos +~ No
Vi. Damaged metal sealing surface (SSMET)? Yes +~ No
Vil. Damaged metal other than sealing surface (DAMML)? ” Yes ~ No .
/i, Plug hole damage, deformed threads (DBHOL)? Yes +~ No
If any of the above conditions exist, describe below:
1. tblrmaﬁ: 4o Lt bYy25-0| dur.‘,\a irsh\larion . looks

na: /nsta Hation teo ( Sﬂl'wp ed ou? oF 7,#00 re
olwfl’\\j 7‘0/‘}‘,-‘41‘*»{ OFCN\/'/»—‘ s,
poc
REV. NO. TWR-17591 IVOL v
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Morton Thiokol Inc.
Space Operations

Detallea Port Plug O-ring (Post-Removal) - Evaluation Checkoff Worksheset

Motor No.:  (ll-D

| pate: & 2R K2

Joint: 1Fwo  [1cTR  [Kl aFT . [ NOZ

Plug: _ m Veant Port{(VENT) [:f Leak Check(LEAK) Degree

/35 °

Inspectér(s): Seetf Eden /ché\/ ‘/754 .
/

PRIMARY O-RING '

Gary /(/5/50:'7
7

{

g Comment
Part No.: (L5022 f—‘{?/ Lot No.: LCtL CC‘O]V L Number
A. Erosion (PORE)? Yes No
B. Heai Affect (HAPOR)? Yes i~ No
C. Cuts, Assembiy/Disassembly Damage (PCUT, PDMG, PDIS)? Yes No /.
if any of the above conditions exist, record below:

. Exﬁfc(ec( Ek‘l""’g:c"ﬂ DALAGE
see FATTICAED SHEET
SECONDARY O-RING (or Shoulder) Comment
Part No.: 1US022% -/5 Lot No.: LCL.COYD e Number
A. Erosi SORE)? Y N
rosion ( ) es o
Heat Affect (HASOR)? Yes No
Cuts, Assembly/Disassembly Damage (SCUT, SDMG, SDIS)? Yes L~ No
If any of the above conditions exist, record below:

Part No.: [US022K~25 Lot No.: ECL _pol5 P Number
A. Erosion (CORE)? Yes ¢~ No
B. Heat Affect (HACOR)? ves _<~ N
C. Cuts, Assembly/Disassembly Damage {CCUT, CDMG, CDIS)? Yes v~ No

If any of the above conditions exist, record below:
Lere . p-zindg s PooiTion€d o
(Z)Zo oveET,

LG

siDE o DrErns

DOC
REV. No.

TWR-17591

lvov. vV
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Morton Thiokol Inc. S5&
Space Operations

O-RING OBSERVATION CLARIFICATION FORM

Date - r s 87 Inspector(s) 52074/ Ec/cov ) /@2{ éq 45 4 /, 65"”‘/ /(/54""7
Motor No. _(ostl~ 8 ’ / 4 ‘
Joint (OrcPlug and Degree): /357 AET FIELCD

O-Ring Location: JMPrimanj [:]Secondi'!ry [] Capture Feature [JWiper []Closure
Part Number: _/0Jo 22 & —

Serial o@umber: sl O8O ‘/

Description: i .
7@/‘9& r(// Fx/)@c led  xfre/Seem  Lhrree P <

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as necessary to explain the observation.

e

O. Q. Cifldm (e.re.ln C‘{

ax /v-u.s 7o

DoC

REV. NO. TWR'17591 IVOL IV
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Morton Thiokol Inc.

Space Operations

Casge Joint Plug und Plug Hole - Evaluation Checkoft Worksheet

Motor No.: :/)2[4[1 ‘K)

| pate: I13FLR 55

Inspector(s): VAV 1D JloroSELe—

Joint:

[] Forward Field Joint (851.5, FWD)
[] Aft Fieid Joint (1491.5, AFT)

] center Field Joint (1171.5, CTR)
{X_Nozzle-to-Case Joint (1875.2, NOZ)

Plug: [ Vent Port (VENT) [J Leak Check (LEAK) | Degree Location: 43 B
PIN: VLY 1S -03 Lot Number: gec oocof
Plug, plug hole observations: Comment
Number
1. Soot Past Seals(SPINS, SICOR, SOINT, Yes . L’%
SPINT, SIPOR, SPPOR SISOR, SPSOR)? /
Il. Foreign Material (FMIJ)? Yes No
1. Heat Affected Plug (HAPOR, HASOR, HACOR)? Yes \-//No
IV. Rust on sealing surfaces (SSCOR)? Yes 41‘/»9/
V. Rust on metal parts (PITCO)? Yes No
Vi. Damaged metal sealing surface (SSMET)? Yes x/,Nﬁ
Vll. Damaged metal other than sealing surface (DAMML)? Yes
/1. Plug hole damage, deformed threads (DBHOL)? Yes No
If any of the above conditions exist, describe below:
DOC
REV. ReC  TWR-17591 oo 1V
SEC IPAGE A-81
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Morton Thiokol Inc.
Space Operations

Detailea Port Plug O-ring (Post-Removal) - Evaluation Checkoff Worksheet

Motor No.: /Y- & | Date: [P FEB &0

Joint: [1Fwp [JctrR [larr (X[ NOZ

| Plug: K1 Vent Port(VENT) [J Leak Check(LEAK) _ Degree _4.3.2 °

Inspector(s):  Sewds {(cdew focly el (aon, Melox
PRIMARY O-RING y / / / / /

Part No.: [()Sc728 - Lot No.: 20l coo3

~
A. Erosion (PORE)? Yes “”  No
B. Heai Affect (HAPOR)? Yes " No
C. Cuts, Assembly/Disassembly Damage (PCUT, POMG, PDIS)? L~ Yes No

1f any of the above conditions exist, record below:

). TYPrieAC O-Dz; LD pcprrecent s 1RC  FATROS 1006 (foecr(b>

Comment
Number

Lo

SECONDARY O-RING (or Shoulder)

| Part No.: JU5022¥ - |S Lot No.: LeCO05¢&
A. Erosion (SORE)? Yes T
Heat Affect (HASOR)? Yes " No

Cuts, Assembly/Disassembly Damage (SCUT, SDMG, SDIS)? Yes L No
If any of the above conditions exist, record below:

[ Mele . Kadia/ Flow 1898k meero [ IHARCFRE L EIACE Pﬂoezem)

?ao//a / /‘7[10' AR NoT C’/"E‘/ﬁ/‘
Sce ATTACHER CLAEIFICAT 1 r/ SHEFET

t

Comment
Number

b

CLOSURE SCREW O-RING

Part No.: _JU8072% -25 Lot No.: (e OO/% ' e ﬁﬁ:;?:rm
A. Erosion (CORE)? 4 ___ Yes ““No
B. Heat Affect (HACOR)?  Yes _L-Ne ____
C. Cuts, Assembly/Disassembly Damage (CCUT, CDMG, cDiIS)? _____ VYes _ﬂo -
It any of the above conditions exist, record below:
REV. 00C  TWR-17591 |VOL v

SEC l PAGE A-82
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Morton Thiokol Inc.
Space Operations

O-RING OBSERVATION CLARIFICATION FORM

Date |2 (CR X7 Inspector(s) 50:‘/74 LEdea /(/c;c‘{x/ /%/’, g"”%’ /{/”é"’i_
Motor No. [17111"3:’ ! 4 ’ /

Joint (q::ﬂﬁﬁ‘and Degres): /3,0 AfedlE 70 CASE

O-Ring Location: []Primary mSecondary (] Capture Feature [JWiper (] Closure

Part Number: _ (L0228 =15

Serial or k6t Number: ZC( oo5¢

Description:

Aol Flew i@k onl SccontofiRY" C-@iAd
AN V™ BRI FLUG

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as necessary to explain the cbservation.

NOTES

L/\o o. o0
! w=ao- oo
| D20 col
Figure B-3
po¢
REV. no.  TWR-17591 IVOL v
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€ I A-82



Morton Thiokol Inc.
Space Operations

Nozzle Joint Plug and Plug Hole — Evaluation Checkotf Worksheet

Inspector(s): 47 ¢0 S (BRev8 Lo i

MNELSEAS -

Motor No.: &4 - 8

bate: /5 [/ZR ST

O Throat/Fwd Exit Cone (4)
[ Fixed Housing/Aft End Ring (5)
)szd Exit Cone/Aft Exit Cone (1)

Joint:

[0 Fwd End Ring/Nose Inlet (2)
[ Nose Inlet/Throat (3)

) Lul
) T 7/V
Degree Location: 242,95 PIN: [USQ/I52-C2 g CElLocoy
O-ring: P/N: 1050228 -25 L/N: ECCOO/2
Plug, plug hole observations: Comment
/ Number
I. Soot Past Seals(SPINS, SICOR, SOINT, Yes No
SPINT, SIPOR, SPPOR SISOR, SPSOR)?
H. Foreign Material (FMIJ)? Yes ‘//No
Il. Heat Affected Plug (HAPOR, HASOR, HACOR)? Yes No
IV. Rust on sealing surfaces (SSCOR)? Yes (‘/Néo
V. Rust on metal parts (PITCO)? Yes No
VI. Damaged metal sealing surface (SSMET)? Yes «— Nog
Vvil. Damaged metal other than sealing surface (DAMML)? Yes //No
VIll. Plug hole damage, deformed threads (DBHOL)? Yes No
If any of the above conditions exist, describe below:
poc
REV. ReC  TWR-17591 lvor 1V
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Morton Thiokol Inc.

Space Operations

Detailed Port Plug O-ring {Post-Removal) - Evaluation Checkoff Worksheet

Motor No.:

Wl-¢© | ate: 4 1728 K7

Joint:

- [ Throat/Fwd Exit Cone (4) (] Fwd End Ring/Nose Inlet (2)
[J Fixed Housing/Aft End Ring (5) ) Nose Inlet/Throat (3)
[i Fwd Exit Cone/Aft Exit Cone (1)

Plug: ] Leak Check(LEAK) Degree Z&2 . 3°
inspector(s):_Seold {dem Il Asli, Gewy Lelsol
PRIMARY O-RING ‘ / / ’ Comment
Part No.: Lot No.: Number
A, Erosion (PORE)? __ Yes __ No
B. Heat Affect (HAPOR)? ____ Yes ___ No ___
C. Cuts, Assembly/Disassembly Damage (PCUT, PDMG, PDIS)? ___ Yes — No ___
if any of the above conditions exist, record below:
SECONDARY O-RING (or Shoulder) Comment
Part No.: IL)SOZZ%- 25 Lot No.: ECL 0Ly 2— ‘/ Number
A. Erosion (SORE)? ___Yes _ L7 No
B. Heat Affect (HASOR)? _Yeées _ L~ No _____
C. Cuts, Assembliy/Disassembly Damage (SCUT, SDMG, SDIs)? ¥ VYes _ No /e
If any of the above conditions exist, record below:
/. L.D. COTT o C’)w?//\//)
(s215)
SCe ATACHED  LAPIFICATTOR) SHEcT™
CLOSURE SCREW O-RING Comment
Part No.: 1ot No.: Number
A. Erosion (CORE)? —_ Yes __ No
B. Heat Affect (HACOR)? ) ___Yes ____ No _____
C. Cuts, Assembly/Disassembly Damage (CCUT, CDMG, CDIS)? Yes __ No _____
If any of the above conditions exist, record below:
REV. RS°  TWR-17591 lvor 1V
SEC
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Morton Thiokol Inc. =3
Space Operations

O-RING OBSERVATION CLARIFICATION FORM

pate _ £ 1B ST Inspector(s) _>cc7 ¥ Ldea  Kocdy S5k Gary /(/f Yo
Motor No. (i€~ e l i i 4
Joint (O(ﬂyg\,and Degree): 262.37 1)

O-Ring Location: []Primary/m\Secondary [J Capture Feature [JWiper ] Closure
Part Numbes: | (/5022R-2 5

Serial o@ﬁhmber: ecoorz

Description:

[.D. tor— (Sce BEtow)

e . podinde s Prsiruca€d OM THE THEEALD Sl
e e UG (PUE . AAST THRCAD VT 26
LWRS  SHAR

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as necessary to explain the observation.

b— 0. 150 —~4

DOC

RS TWR-17591 lvo. 1V

REV. SEC l PAGE A-8€




Morton Thiokol Inc.
Space Operations

Nozzle Joint Plug and Plug Hole - Evaluation Checkoff Worksheet

Inspector(s): k( U\I/ P)q Ker ” Low(/! ’U(/Sctd

Motor No.:

Date: 2 - /S - §¥9

Joint: [ Throat/Fwd Exit Cone (4)
O Fixed Housing/Aft End Ring (5)
[0 Fwd Exit Cone/Aft Exit Cone (1)

3] Fwd End Ring/Nose Inlet (2)
] Nose iInlet/Throat (3)

Degree Location: 26235 PIN: (hspl§4-02 S/N: Etoool
O-ring: P/N: %) SDZZR -25 L/N: ECcL o006
Plug, plug hole observations: Comment
Number

. Soot Past Seals(SPINS, SICOR, SOINT, Yes ~ No

SPINT, SIPOR, SPPOR SISOR, SPSOR)?
iI. Foreign Material (FMIJ)? Yes v No
. Heat Affected Plug (HAPOR, HASOR, HACOR)? Yes ~" No
IV. Rust on sealing surfaces (SSCOR)? Yes L No
V. Rust on metal parts (PITCO)? Yes ‘/ No
VI. Damaged maetal sealing surface (SSMET)? Yes « No
Vil. Damaged metal other than sealing surface (DAMML)? Yes " No
VIll. Plug hole damage, deformed threads (DBHOL)? Yes \/ No
If any of the above conditions exist, describe below:
ﬁr?akhva'] 'KO’TMC =3 St n- b3

poc _
REV. P3¢ TWR-17591 |VOL v
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‘Morton Thiokol Inc.
Space Operations

Detailed Port Plug O-ring (Post-Removal) - Evaluation Checkoff Worksheet

Motor No.: (- % l Date: |7 FEB &9
Joint: - O Throat/Fwd Exit Cone (4) B4 Fwd End Ring/Nose Inlet (2)
[0 Fixed Housing/Aft End Ring (5] ] Nose Inlet/Throat (3)

(] Fwd Exit Cone/Aft Exit Cone (1)

Plug: [ Leak Check(LEAK)  Degree 265.3°

Inspector(s): 3(‘/-/4@_:/&“ Foe £, 50, Gary /./p/fom

PRIMARY O-RING ’ ’ / Comment
Part No.: Lot No.: Number
A. Erosion (PORE)? Yes No

B. Heat Affect (HAPOR)? Yes No

C. Cuts, Assembly/Disassembly Damage (PCUT, PDMG, PDIS)? Yes No

If any of the above conditions exist, record below:

SECONDARY O-RING (or Shoulder)

Part No.: 1050222 -25 Lot No.: ECLOCO B ﬁﬁm?;m
A. Erosion (SORE)? Yes / No
B. Heat Affect (HASOR)? ____ Yes L~ No
C. Cuts, Assembly/Disassembly Damage (SCUT, SDMG, SDIS)? Yes l/No

If any of the above conditions exist, record below:

Here ! ATl WHS PrisironC D OV FHOEAD IDE PF ALUG G RooVE

CLOSURE SCREW O-RING Comment
Part No.: ot No.: Number
A. Erosion (CORE)? Yes ) No

B. Heat Affect (HACOR)? Yes No

C. Cuts, Assembly/Disassembly Damage (CCUT, CDMG, CDIS)? Yes No

If any of the above conditions exist, record below:

DO
REV. P9C  TWR-17591 |VOL v
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Morton Thiokol Inc.
Space Operations

Nozzle Joint Plug and Plug Hole - Evaluation Checkoff Worksheaet

inspector(s): Y. Bc\ke'ﬁ L. '/VC'SCIJ

Motor No.: @III-’{ / Date: 2-/§ —§7
Joint: O Throat/Fwd Exit Cone (4) [ Fwd End Ring/Nose Iniet (2)
(O Fixed Housing/Aft End Ring (5) BEJd Nose Inlet/Throat (3)

O Fwd Exit Cone/Aft Exit Cone (1)

Degree Location: 265 P/N: NSO |S4-D2 SIN: FcL ooold

O-ring: PIN: JuSD228-25" L/N: Ect o001
Plug, plug hole observations: Comment
Number
I.  Soot Past Seals(SPINS, SICOR, SOINT, Yes ~" No
SPINT, SIPOR, SPPOR SISOR, SPSOR)? o
il. Foreign Material (FMIJ)? Yes No
Il. Heat Affected Plug (HAPOR, HASOR, HACOR)? Yes " No
IV. Rust on sealing surfaces (SSCOR)? Yes % No
V. Rust on metal parts {PITCO)? Yes +~~ No
Vi. Damaged metal sealing surface (SSMET)? Yes v No
VI, Damaged metal other than sealing surface (DAMML)? Yes v No
VHI. Plug hole damage, deformed threads (DBHOL)? Yes — No
if any of the above conditions exist, describe below:
Brrnkﬂvq 'fc'c}',b.e oAl 17 ,u~)bs
REV. Ro.  TWR-17591 Ivo,_ v
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Morton Thiokol Inc.

Space Operations

Detailed Port Plug O-ring (Post-Removal) - Evaluation Checkoff Worksheet

Motor No.:

(- 8 [ pate: /7 /7R K57

Joint:

- (] Throat/Fwd Exit Cone (4) O Fwd End Ring/Nose Inlet (2)
[ Fixed Housing/Aft End Ring (5) @'Nose Inlet/Throat (3)
[ Fwd Exit Cone/Aft Exit Cone (1) )

Plug: [l Leak Check(LEAK) _ Degree  Z¢5 °

Inspector(s): 5(0// &/5‘1.1 /?Oc,éi/ //§/, 6(1;'\/ /(ééou\
PRIMARY O-RING ’ ! ’ /

Comment
Part No.: Lot No.: Number
A. Erosion (PORE)? ___ Yes _ No
B. Heat Affect (HAPOR)? ___ Yes " No ____
C. Cuts, Assembly/Disassembly Damage (PCUT, PDMG, PDIS)? __ Yes — No __
If any of the above conditions exist, record below:
SECONDARY O-RING (or Shoulder) Comment
Part No.: 105022525 Lot No.: £(LCC/3 / Number
A. Erosion (SORE)? . Yes _~ __ No
B. Heat Affect (HASOR)?  Yes _“"No ___
C. Cuts, Assembly/Disassembly Damage (SCUT. SDMG, SDIS)? L~ Yes __ No _/_'__
If any of the above conditions exist, record below:

[. 1L.D. ClIRcwsr FERCKI(AC SCRATCH
(5 D/5>
S€E ATTRCHED @B (LARTCAT7on/  Skice 7
!
CLOSURE SCREW O-RING Comment
Part No.: .ot No.: Number
A. Erosion (CORE)? __ Yes ___ No
B. Heat Affect (HACOR)? _ Yes ____ No ____
C. Cuts, Assembly/Disassembly Damage (CCUT, CDMG, CDIS)? _____ Yes __ No ____
If any of the above conditions exist, record below:
REV. __ Ro.  TWR-17591 lvou. v
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Morton Thiokol Inc.
Space Operations

O-RING OBSERVATION CLARIFICATION FORM

Date (7 (¢ 57 Inspector(s) Sc("/é/’ E‘E_/e.‘,, L (N-é\/ //5// . 6/1:1;/ /(/féOl’{
Motor No. (it -% ’ ’ i 7
Joint (Or Plug and Degree): 2657 Jos v 7(3)

O-Ring Location: []Primary [X Secondary [J Capture Feature [JWiper [ Closure
Part Number: /(25022% -25

Serial or Lot Number: 7 (¢ ©O0O/5

Description:

[.D., 180t fFEREATIAC  SCRATUL (Sce Betereo)
NCTe 2 Lt Ue)s PoSirion€d O TaReaD SIDE OF
PG GrReove

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as necassary to explain the observation.

Z.9. Cincum FERENVT/IAL
SCRAYe M

L= o.150
Ww=x o.0012
0 £ 0.00}

DocC

23 TWR-17591 lvor 1V

REV.
T SEC I PAGE A-01]




Morton Thiokol Inc.
Space Operations

Nozzle Joint Plug and Plug Hole - Evaluation Checkoff Worksheet

Inspector(s): K Bkkv\‘ L. MC\SCN
Motor No.: & W\ — ? ’

Date: 2-/5 ~ 9

&1 Throat/Fwd Exit Cone (4)
] Fixed Housing/Aft End Ring (5)
O Fwd Exit Cone/Aft Exit Cone (1)

Joint:

0 Fwd End Ring/Nose Inlet (2)
{0 Nose Inlet/Throat (3)

Degree Location: 2815 PIN: U SDISI-P2 SIN: EcL opor
O-ring: PIN: \Mspatk -2~ L/N: FcL oo/l
Plug, plug hole observations: Comment
Number
1. Soot Past Seals(SPINS, SICOR, SOINT, Yes L~ No
SPINT, SIPOR, SPPOR SISOR, SPSOR)? o
I. Foreign Material (FMIJ)? Yes No
il. Heat Affected Plug (HAPOR, HASOR, HACOR)? Yes “  No
- IV. Rust on sealing surfaces (SSCOR)? Yes ~ No
V. Rust on metal parts (PITCO)? Yes +~ No
VI. Damaged metal sealing surface (SSMET)? Yes ‘/No
Vil. Damaged metal other than sealing surface (DAMML.)? Yes L No
VIIl. Plug hole damage, deformed threads (DBHOL)? Yes " No
If any of the above conditions exist, describe below:
brsak h ey ’*‘”‘Y\Ae w0 s 35 .-k
BV RS°  TWR-17591 o 1V
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Morton Thiokol Inc.
Space Operations

Detailed Port Plug O-ring (Post-Removal) - Evaluation Checkolf Worksheet

Motor No.: itl- & I Date: /5 FEB X9
Joint: . B Throat/Fwd Exit Cone (4) (0 Fwd End Ring/Nose Inlet (2)
[ Fixed Housing/Aft End Ring (5) (0 Nose Intet/Throat (3)

] Fwd Exit Cone/Aft Exit Cone (1)
Plug: _[X Leak Check(LEAK)  Degree 26525 ™

Inspector(s): S.. 7/ E{pm wgne Sjﬂcr‘fy I (‘741‘7/ /(/F%f’"?
PRIMARY O-RING 7 ! !

Comment
Part No.: Lot No.: Number
A. Erosion (PORE)? Yes No
B. Heat Atfect (HAPOR)? Yes No
C. Cuts, Assembly/Disassembly Damage (PCUT, PDMG, PDIS)? Yes No
if any of the above conditions exist, record below:
SECONDARY O-RING (or Shoulder) Comment
Part No.: [U50228-25 Lot No.: ECLCOlT Number
A. Erosion (SORE}? Yes ‘/No
B. Heat Affect (HASOR)? Yes “— No
C. Cuts, Assembly/Disassembly Damage (SCUT, SDMG, SDIS)? Yes «—No

If any of the above conditions exist, record below:

Uil p-2iale cwAS PrsiiroM €D on/ FHREAD SIPE o AU GrODVE.

CLOSURE SCREW O-RING

Comment
Part No.: .ot No.: Number
A. Erosion (CORE)? Yes No
B. Heat Affect (HACOR)? Yes No
C. Cuts, Assembly/Disassembly Damage (CCUT, coOMmMG, CDIS)? Yeas No
If any of the above conditions exist, record below:
REV. No.  TWR-17591 lvo 1V
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Space Operalions

Table D-Ii
Detalled Port Plug O-ring or Small O-ring (A-2) - Evaluation Checkolf Worksheet

Inspector(s): Scor7 Locn) Rocwy Lecn
Motor No.: [M-Z

Side: [JLeft (o) [ Right (8)|Joint: Forward q/m/c,y/ e

10"'3 LY Tiune ‘B2

ﬁ
Plug: (] vent Port (ZLoak Check . D—Famducor O Spocl‘l Bolt Plug
(] Special Bolt [ Degree Q /0100269~ 0)  ECLOVLI.

PRIMARY O-RING N/A: Vv ‘ Comment
Part No.: Lot No.: Number
A, Erosion (PORE)? — Yes _ No

B. Heat Affect (HAPOR)? — Yes No _
C. Cuts. Assembly/Disassembly Damage (PCUT, POMG, PDIS)? ___ Yes ___  No _

If any of |he above conditions exist, record below:

SECONDARY O-RING (or Shoulder) N/A: Comment
Part No.: /()Sna2a& -/S5 Lot No.: ECeo037 Number
A. Erosion (SORE)? _____ Yes No
B. Heat Affect (HASOR)? — Yes :ﬁ No _
C. Cuts, Assembly/Disassembly Damage (SCUT, SOMG, SDIS)? __L Yes _ No _ |

It any of the above conditions exist, record below:
l) I.9. cireumtapential cuf
LR 0.490
b%r0.030

Aores 0'/»10’ 'ao.n' )‘l'anea/ Ok ﬂ"‘td./ t‘i/e
Clhisel ;Ou e o ,-/u heao ©.0,
Shard Ic;f»’ftuufl

CLOSURE SCREW O-RING
Part No.:

A. Erosion (SORE)?

o Yes No
B. Heat Alfect (HASOR)? Yes No
C. Cuts, Assembly/Disassembly Damage (SCUT, SOMG, SDIS)? Yes No
If any of the above conditions exist, record below:
poe ‘
REV. NO.  TWR-17591 IvoL v
T SEC lmoe
A=94
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Morton Thiokol Inc.
Space Operations

O-RING OBSERVATION CLARIFICATION FORM

Date H "95"86’ Inspector(s) SCO 4+t Edcﬂl ROQk y A

Motor No. -

Joint (Or and Degree): O° FwD FACBRY Jo NT

O-Ring Location: []Primary MSecondary [J Capture Feature [JWiper [ Closure
Part Number: =1

Serial or Lot Number: ECL OO37

Description: See below.

NoTE O~ (1 Pos]-}iowcol (e R &) ~U e = (A .

Cliscld govae O Pplug O.D.
g Y -

Sketch observation below or attach worksheets and list baelow. Indicate orientation and dimensions.
Show as much detail as necessary to explain the observation.

I.0. CIRCUMFERENTIAL

REFERENCE
cuT

L= 0.%%80
D2 0.0/5

rin

DOC

NO. TWR-17591 |VOL v

REV.
I SEC ] PAGE A-95
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Spdce Operations

Table D-H

Detailed Port Plug O-ring or Small O-ring (A-2) - Evaluation Checkolf Worksheet
inspector(s): Scor7 LDV, Locky Ash

Motor No.: QM5 lDatO' 1Y Tiune ‘89
Side: [JLelt (A) [ Right (B)|Joint: Canten - Forwavel cy//cy/ se9 /L
Plug: (J vent Port

(¥ Leak Check [ Transducer [J specisl Bolt Plug 7
[(] Special Boit (] Degree 0°

/U/00269 -0/

£€CL 002
PRIMARY O-RING N/A: v _ Commaent
Part No.: Lot No.: Number
A. Erosion (PORE)? ____Yes ___ No
B. Heat Alfect (HAPOR)? —_Yes = No __
C. Culs, Assembly/Disassembly Damage (PCUT POMG, PDIS)? __  VYes Ne __
If any ol the above conditions exist, record below:
SECONDARY O-RING (or Shoulder) N/A: Comment
Part No.: /Y5028 -/5 Lot No.: Fceoo , Number
A. Erosion (SORE)? —_Yes _V No
8. Heat Affect (HASOR)? ____Yes _v  No ____
C. Cuts, Assembly/Disassembly Damage (SCUT, SOMG, SDIS)? ¥ Yes ___ No _ ] _
If any of the above conditions exist, record below:

l) I.0. c.‘l‘cumpuenf':'-./ cult
L 0.8/0
B R0p.0320

WOTE.: Sharp last tHreaol

Da—\ ‘n IUIL Md(
"Z, prositioned on ldl‘f flu‘ec\J
O

isel
CLOSURE SCRE® O- RING Erlay N/A v Commaent
Part No.: Lot No.: Number
A. Erosion (SORE)? . Yes No
B. Heat Affect (HASOR)? Yes No
C. Cuts, Assembly/Disassembly Damage (SCUT, SOMG, SDIS)? Yes No
If any of the above conditions exist, record below:
ooc
REV. NO.  TWR-17591 IvoL v
8EC IPAO! A-96



Morton Thiokol Inc.
Space Operations

O-RING OBSERVATION CLARIFICATION FORM

pate L}—RO -84 Inspector(s) Scott Edcﬂ . Rec k| As hh
Motor No. QM- X o _ i
Joint (Or@ and Degree): O (TR AFT FACTORY J01NT

O-Ring Location: []Primary Socondary [] Capture Feature [JWiper ] Closure
Part Number: =1

Serial or Lot Number: ECL 0037

Description: S¢ce  below.

Node . O-r pDos tianed on lasd -l—larzn_é_j_;u:l'

1S opePed o) lastk -!-—kf‘gg_o\.
bloa annd o-risma Ihed Little +0 MO

"ar9cse . Chhisel Gaovag o~on +op OD.
Ut pluag, u_ Y '

Sketch observation below or att‘ach washeets and list below. Indicate orientation and dimensions.

Show as much detail as necassary to explain the observation.

T.4. CirumFeeEnrsne.

REFERENCE
! cuvr
=~ [.300
0z 0.030
DOC
REV. No. TWR-17591 lvor IV
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Morton Thiokol Inc.
Space Operations

O-RING OBSERVATION CLARIFICATION FORM

pate 2-15 -8 lnspector(s)-s—ﬁc_ﬁ'_viﬁ.&_,_g_q_m_l’l_a__
MotorNo aAM-¥ GARY keL’ioL\

Joint (Or Rfugyand Degree): c vy JoiNts
O-Ring Location: [JPrimary MSecond DCapture Feature' [ JWiper [ Closure

Part Number: 14700
Serial or Lot Number: _Se¢ De §C.E &;};mu)
Description:
) (%l ()
ET /ST, F STtE/ST(F STIF/AFT DoME
PART HH [0 En 2R 15 USRS -5 [VE0QIE- 1S
Lo #| ECLOOY] ECl ooy EFCLOOS3 |

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as .necessary to explain the observation. )

Relled lasé partral thasad
— A CSG& Qw) Olf':; ﬂ:t ‘oq*";“d on_fast LY/ 4 ﬂm/ shl/ "/Jlﬁg E! g&q aoe.T

8: (2 et “:l Rolled fast partial thereaol

C: (ec 8clow) Rolled @JL&ML_LE%A_@“@M’@_A@J
P ~iap (Very 2/ P4t emsian

{ tvres plygs M ; ou =Aa

thocad side. Plug A haol no a'qm-d' grease . ﬁlu?_r 85C had g /-:‘/Zl‘n

I.0. CIRCUMFERENTINL CleT

L > 0.%0
O & 0.040

I-0. CIRCUMFERE/ I C c«r

L= 0. v
DR 0.020

L. 0. C1RCOMFERENTIAL cC)y

L= 1130
* 0.020 —

No.  TWR-17591 lvo 1V
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