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1.0 INTRODUCTION

This report assesses the performance of the 3601009, Ninth Flight,
Redesigned Solid Rocket Motors (RSRM) in respect to case hardware
and joint sealing issues as seen from post-fire assessment of the
case and seals. In addition, all the potential anomalies have been
classified and are summarized in section 5.0. '

Figure 1 illustrates the RSRM, consisting of the igniter joint, the
case field 3joint with the capture feature and the J-joint
insulation configuration, the nozzle-to-case joint with the 100,
7/8-inch radial bolts in conjunction with a wiper O-ring and
modified insulation design, and the forward-to-aft exit cone joint
(see Figure 2). Figure 3 shows the configuration of all the
internal nozzle Jjoints. Figure 4 shows a cross section of the S
& A with the Barrier Booster assembly and rotor shaft and SII seal
system.

2.0 SUMMARY
2.1 Post-Fire Case Assessment Summary

The post fire assessment of both motors showed the case segments
to be in good condition. Field joint fretting on this flight set
ranged from light (<0.003 inch deep) on most of the joints to
locally heavy (>0.005 inch deep) on three of the joints, figure 5
visually summarizes the fretting on all the joints. The LH aft
field joint is the most heavily fretted joint to date, this joint
had previously fretted areas from STS-27. No new fretting was
found in old fretting locations; however new frets were found at
the edges of repaired areas on both the LH center and aft field
joints. All fretting was mapped from the inner clevis leg. The
capture feature fretting was not mapped due the difficulty of
measuring the fretting in the capture feature region, but it is
assumed that the capture feature had similar damage as the inner
clevis leg. 'Listed below is a summary of fretting for each field
joint:

Field Joint Fretting

LH/FWD Light fretting from 43 to 63, 110 to 129, 172, 187, 207,
243, and 244 degrees.

REVISION : bocNo.  TWR-17548 |ver IT
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LH/CTR Intermittent light fretting around most of the joint with
concentrations of moderate (0.003 to 0.005 inch deep) and
heavy (>0.005 inch deep) fretting between 180 and 300

degrees. A 0.008 inch deep fret was found at 225
degrees.
LH/AFT Intermittent light fretting around most of the joint with

concentrations of moderate (0.003 to 0.005 inch deep) and
heavy (>0.005 inch deep) fretting from 135 through 0 to
9 degrees. Two 0.009 inch deep frets were found at 195,
and 350 degrees and a 0.011 inch deep fret at 278
degrees.

RH/FWD Light frets at 44 and 45 degrees and a 0.004 inch deep
fret at 180 degrees.

RH/CTR Light fretting from 156 to 187, 256 to 280, 298 to 315,
and 338 through 0 to 1 degrees. Moderate (0.003 to 0.005
inch deep) fretting at 118, 305, and 340 degrees. A
0.009 inch deep fret was found at 350 degrees.

RH/AFT  Light fretting at 30, 35, 42, and 55 degrees.

Heavy corrosion was found on the RH forward dome igniter inside
diameter and igniter chamber at the location of the blow hole in
the outer  joint putty lay up. The factory joint weather seals were
removed at KSC to prevent rusting of the outer clevis leg under the
pin retainer hat band. Medium corrosion was found under the LH
center aft factory joint weather seal, this weather seal had six
unbonds (Reference 1). Light corrosion was found on one additional
joint that did not have any unbonds in the weather seal. The
factory joint corrosion is summarized in Table 1. The factory
joint fretting and M-clip fretting is summarized in Table 2.

The stiffener rings and stiffener stubs suffered typical water
impact damage. The RH center stiffener stub suffered an outer
ligament crack. The LH center, LH aft, RH center, and the RH aft
stiffener rings were cracked. Based on the missing instafoam the
cavity collapse load center line was estimated to be 190 degrees
for both motors.

REVISION DQC NO. TWR~17548 l voL 11
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The Case Component Post Fire Assessment Team has identified six
observations, made during disassembly assessments, as "potential
anomalies™. The six potential anomalies were further classified
as two "remains observation" and four as "minor anomalies".

2.2 Postflight Seals Assessment Summary

The post-fire assessment of both motors showed the seals component
to be in good condition. There was no evidence of hot gas or soot
past the J-seal on the six field joints or past the polysulfide on
the two nozzle-to-case joints. The LH igniter joints showed no hot
gas or soot too the primary seals, while the RH igniter had a blow
hole in the inner and outer putty lay ups. The cadmium plating was
corroded on the 0.D. edge of the RH inner gasket because the outer
joint blow hole allowed hot combustion gases to come in contact
with the gasket retainer. There was no soot to the aft exit cone
primaries and there was no evidence of soot or hot gas past the
primary seals on any of the internal nozzle joints. Intermittent
aluminum oxidation (Al,0;) was found between the primary and
secondary seals on both aft exit cones. Overall the grease
application to all field and nozzle-to-case joints was nominal.

The Seals Component Post Fire Assessment Team has identified twelve
observations, made during disassembly assessments, as "potential
anomalies™. The twelve potential anomalies were further
classified as three "remains observation", and nine as "minor
anomalies".

3.0 POSTFLIGHT ASSESSMENT OBJECTIVES
Post fire assessment objectives are addressed in Reference 2.
4.0 CASE/SEALS POSTFLIGHT ASSESSMENT RESULTS

Design Engineering performed post fire evaluations of Flight
360L009 forward, center, and aft field joints, aft exit cone field
joints, nozzle-to-case joints, the igniter, and safe and arm joints
at Hangar AF. The safe and arm internal joints, internal nozzles,
and factory Jjoints were disassembled and evaluated at the
refurbishment facilities in Clearfield, Utah. This section
documents the postflight condition of Flight 360L009 case hardware,
sealing surfaces, and seals as noted during disassembly, and
discusses all observations assessed by the respective Component
Program Teams (CPT).

- In an attempt to standardize and document the evaluation of flight
motors, a standard evaluation plan has been written (see References
3, 4, 5, and 6). Appropriate procedures contained in this plan
were used to evaluate the case and seals in the RSRM. The intent
of this plan is to ensure that all pertinent evaluation points of

3

REVISION ) DocNo.  pwR-17548 L"°L II
SEC I PAGE

FORM TC 7994-310 (REV 2-88)

3



[ J
122i¢¢916276?comnmmnom

SPACE OPERATIONS

Flight 360L009 were examined and documented in a consistent and
complete manner. Also, to accurately document the magnitude of the
types of damage that are seen, postfire assessment definitions are
as follows:

Postfire Assessment Definitions

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

Scratch: Width less than 0.005 inch and depth less than 0.005

inch.

Nick: Width less than 0.020 inch, but greater than 0.005 inch;
and depth less than 0.010 inch, but greater than 0.005
inch.

Gouge: Width greater than 0.020 inch and depth greater than
0.010 inch.

Circumferential or
Radial Flowline: Visible evidence of incomplete flow or knit of
the material.

(1) Closed: Tightly adhered, not separable, does not open
when lightly probed. '

(ii) Separable: Visually appears closed. Separates when
lightly probed.

(iii) Open: Obvious separation or gap.
Hard Inclusion: Foreign material enclosed in the seal
material.

Porosity or

Soft Inclusgion: An air pocket enclosed in the seal material.
Extrusion Damage: Seal material pinched and/or cut due to an over

£fill condition.

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

Erosion: Seal material missing due to hot (gas
impingement or blow by.

Light Corrosion: Can be wiped off Dby hand. Surface
discoloration.
REVISION DOCNO. M _.17548 | voL 1T
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Medium Corrosion: Can not 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.

Light Fretting: Pits less than or equal too 0.003 inch deep.

Medium Fretting: Pits less than or equal too 0.005 inch deep but
greater then 0.003 inch deep.

Heavy Fretting: - Pits greater than 0.005 inch deep.

The left motor will be discussed first, then the right motor. The
evaluation will start at the igniter and proceed down the motors
to the aft exit cones.

4.1 Left Motor Disassembly Evaluation
4.1.1 External Walk Around

The external walk around assessment revealed no signs of hot gas
leakage past any joints. There was missing instafoam on the center
and forward stiffener rings and the ETA ring at approximately 190
degrees and the K5NA was cracked on the center and aft rings at
this same location.

4.1.2 Safe and Arm Joint

There was soot on the I.D. edge of the retainer but not on either
face of the gasket. There was no signs of blow by past the primary
seal. There was no corrosion or damage found to the joint or the
seals at the time of disassembly.

4.1.2.1 Safe and Arm Device Internal Joints

Assessment of the safe and arm device found raised metal on the
primary seal surface and the lead-in thread of the 198 degree SII
port. Circumferential galling was found on the land between the
primary and secondary seal surfaces of both SII ports. Also,
deformations of the sealing washer of both SII’s were found. The
leak test pressure path for the 18 degree SII port was blocked with
grease. Copper particles were found in the grease on the high
pressure side of the rotor shaft secondary O-rings, this
contamination is introduced into the cavity between the primary and
secondary O-rings during the leak test of the rotor shaft seals.
A small nick was present in the rotor housing bore primary seal

REVISION 0OCNO.  pyRr-17548 [voo 771
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surface, the nick is located approximately 0.120 inch into the
bore.

4.1.3 Outer Igniter Joint (Adapter-to-Forward Dome)

No blow paths through the zinc chromate putty were present and
there was no evidence of hot gas leakage past the primary seal or
damage observed on the joint or gasket seals. A 0.005 inch diameter
by 0.002 inch high raised area was found on the outboard primary
seal cushion of the forward face at 173 degrees. The 115 degree
Igniter Pressure Transducer (IPT) dual seal plug secondary O-ring
(Figure 6) had an I.D. circumferential cut that was caused by
excessive grease in the dove tail groove (Reference 7).

4.1.3.1 Igniter/Case Hardware

No damage was found on the forward dome igniter boss, igniter
adapter, igniter chamber. Two areas of medium corrosion were
present in the igniter through hole at 285 and 324 degrees.

4.1.4 Inner Igniter Joint (Adapter-to-Chamber)

No blow paths through the zinc chromate putty were present and
there was no evidernce of hot gas leakage past the primary seal.
The inner bolts were removed before the igniter was removed from
the forward dome, this allowed the chamber to fall into the forward
segment. When the chamber fell it pivoted about the 270 degree
location and sheared metal of the aft face of the gasket retainer
at this location. No damage observed on the gasket seals. Twenty
two of the Packing with Retainers from the inner joint bolts were
damaged during disassembly. There was soot on the-tips and up to
the primary seal on all special transducer bolts.

4.1.5 Forward Field Joint

There was no sign of hot gas or soot past the J-leg. The grease
coverage was per design and no corrosion was found on any of the
sealing surfaces. The joint was slightly contaminated with debris
and water from hydrolase operations which remove the Jjoint
protection system. .

No seal damage was observed at the time of disassembly, and the V-
2 filler was properly installed with no visible damage. Detailed
assessment of the O-rings revealed no damage.

4,1.5.1 Forward Field Joint Case Hardware

Assessment of the metal components found light fretting at 43, 57,
62, 110 to 129, 172, 187, 207, 243, and 244 degrees. No medium

REVISION DOCNO.  mum_17548 [voo 17
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or heavy fretting was found. Figure 7 gives a detailed view of
the fretting.

4.1.6 Center Field Joint

There was no sign of hot gas or soot past the J-leg. The grease
coverage was per design and no corrosion was found on any sealing
surfaces. The joint was slightly contaminated with debris from
hydrolaze operations which remove the joint protection system.

No seal damage was observed at the time of disassembly, and the V-
2 filler was properly installed with no visible damage. Detailed
assessment of the O-rings revealed no damage.

4.1.6.1 Center Field Joint Case Hardware

Asgsessment of the metal components found intermittent 1light
fretting from 10 to 300 degrees. Concentrations of medium and
heavy fretting were found from 180 to 300 degrees. Omne 0.008 inch
deep fret was located at 225 degrees. Figure 8 gives a detailed
view of the fretting.

4.1.7 Aft Field Joint

There was no sign of hot gas or soot past the J-joint. The grease
coverage was per design and no corrosion was found on any sealing
surfaces. The joint was slightly contaminated with debris and
water from hydrolaze operations which remove the joint protection
system. No seal damage was observed at the time of disassembly and
the V-2 filler was properly installed with no visible damage. No
damage was observed on the three O-rings during detailed
assessment. ‘

4.1.7.1 Aft Field Joint Case Hardware

Assessment of the metal components found light fretting around the
entire circumference except between 9 to 46, and 56 to 116 degrees.
Medium and heavy fretting was present from 135 through zero to nine
degrees. Two heavy frets of 0.009 inch deep fret are located at
195 and 350 degrees. Also, a 0.011 inch deep fret was found at 278
degrees. Figure 9 gives a detailed view of the fretting. This
joint, both clevis and tang had flown on RSRM-2 (STS-27), had been
previously fretted and repaired. Fretting was found at the edges
of repaired areas but not in any areas were metal was removed.

4.1.7.2 ET Attach Stubs

No damage was found on the ET attach forward or aft stubs or bolt
holes.

REVISION oocnNo.  TWR-17548 |vou 17

SEC I PAGE

FORM TC 7994-310 (REV 2-88)

7



[ J
'722£6¢2téz>f?cam%mmna~

SPACE OPERATIONS

4.1.7.3 Stiffener Rings
No damage was found on the forward stiffener ring.

‘The center stiffener ring had 12 bolts missing from 172 to 194
degrees when it was still installed on the motor. Post-removal
assessment found the web buckled at 182 degrees, cracked at 196
degrees, and a deformed bolt hole at 180 degrees.

The aft stiffener ring had four missing bolts from 202 to 208
degrees, four missing between 212 and 218 degrees, seven missing
between 182 and 194, and one each at 176 and 178 degrees when it
was still installed on the motor. Post-removal assessment found
the web cracked at 194 degrees, web buckled and missing material
at 181 degrees, and a web buckle at 219 degrees.

4.1.7.4 Stiffener Stubs

The forward stiffener stub, forward stiffener ring stub, and center
stiffener ring stub were not damaged.

The aft stiffener ring stub showed deformed bolt holes from 174 to
180 degrees and from 190 to 202 degrees.

4.1.8 Nozzle~to—-Case Joint

There was no evidence of hot gas or soot past the polysulfide. The
grease application was per specification. There was no corrosion
found on either the fixed housing or the aft dome. No polysulfide
extruded past the wiper O-ring. No radial bolt hole disassembly
plugs were damaged during the disassembly process.

Detailed assessment of the O-rings found no damage to any of them.
Detailed assessment of the Packing with Retainers found one with
disassembly damage.

4.1.8.1 Nozzle-to-Case Joint Hardware

The aft dome nozzle boss and the fixed housing showed no signs of
metal damage or corrosion on the mating or sealing surfaces.

4.1.9 Aft Exit Cone Joint (Joint 1)

No pressure paths were found through the RTV, therefore no pressure
or soot reached the primary O-ring. Light corrosion was found on
the aft exit cone flange between 112 and 117 degrees on the 0.D.
of the flange. Medium corrosion was found on the I.D. of the
flange between 26 and 49 degrees.

REVISION 00CNO.  mym_17548 | VoL IT
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No damage to the primary or secondary O-rings were observed at the
time of disassembly. Detailed assessment of the O-rings found no
damage on the primary O-ring. The secondary had two nicked areas
at 111 and 190 degrees. This damage was caused by the disassembly
clips that keep the O-ring from falling out of the groove during
joint separation. ‘

4.1.10 Forward End Ring-To-Nose Inlet Housing (Joint 2)

Scalloped shaped sooting was observed around the full circumference
of the joint about half way between the edge of the aluminum
housing and the primary O-ring groove situated between bolt holes.
Typical -light sooting was observed up to the primary O-ring at 24
through 36, 72 through 78, 96 through 114, 186 through 192, 204
through 246, 276 through 282, 288 through 318, and 330 through 336
degrees. No soot or evidence of blowby was observed past the
primary O-ring. Typical light corrosion was observed on both
mating surfaces. No damage to the primary or secondary O-rings was
found during detailed assessment and the sealing surfaces suffered
no assembly or disassembly damage. No port plug, O-ring, or port
hole damage was observed. The port hole had nominal grease
coverage.

4.1.11 Nose Inlet Housing-To-Throat Support Housing (Joint 3)

No pressure paths through the RTV were observed. No damage was
found on the primary O-ring, the secondary O-ring, or sealing
surfaces during the initial assessment. No corrosion was observed
on the mating surfaces. No damage to the primary or secondary
O-rings was found during detailed assessment. No port plug, O-
ring, or port hole damage was observed. The port hole had nominal
grease coverage.

4.1.12 Forward Exit Cone-To-Throat Support Housing (Joint 4)
Assessment of the joint revealed no pressure paths through the RTV

backfill. The primary O-ring had a gouged area at 175 degrees,
which measured 0.190 in. long by 0.140 in. wide by 0.010 in. deep.

This gouge was caused during disassembly of the joint. The
secondary O-ring was not damaged, and the sealing surfaces suffered
no assembly/disassembly damage. No corrosion was found on the

joint sealing surfaces. No port plug, O-ring, or port hole damage
was observed.

4.1.13 Fixed Housing-To-Aft End Ring (Joint 5)

Detailed assessment revealed no anomalies to the joint. No damage
was found during assessment of the primary or secondary O-rings,
assessment of the sealing surface revealed no signs of damage.
There was typical intermittent light corrosion of the I.D. lip of
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the aft end ring. No port plug, O-ring, or port hole damage was
observed. All Packing with Retainers had typical disassembly
damage.

4.1.14 Factory Joints
4.1.14.1 Forward Dome-to-Cylinder Factory Joint

No heavy corrosion was observed. Fretting was observed
intermittently over the entire circumference of the joint. No M-
clip fretting was observed. No O-ring damage was observed. No
port plug, O-ring, or port hole damage was observed. The port hole
had grease in it from assembly.

4.1.14.2 Forward Cylinder-to-Cylinder Factory Joint

Heavy corrosion  was observed intermittently the entire
circumference of the joint. No joint fretting was observed. M-
clip fretting ‘was observed intermittently the entire 0.D. of the
tang. No O-ring damage was observed. No port plug, O-ring, or
port hole damage was observed. The port hole had grease in it from
assembly.

4.1.14.3 Center Forward Cylinder-to-Cylinder Factory Joint

No heavy corrosion was observed. Fretting was observed at 1 and
at 210 degrees. No M-clip fretting was observed. No O-ring damage
was observed. No port plug, O-ring, or port hole damage was
observed. The port hole had grease in it from assembly.

4.1.14.4 Center Aft Cylinder-to-Cylinder Factory Joint

Medium to heavy corrosion was observed downstream of the tang
sealing surface at 191 intermittently through 231, 322, 326 through
337, and 345 through 0 through 45 degrees. Heavy corrosion was
also observed on the tang inside chamfer at 36 intermittently
through 79 degrees and on the outside chamfer at 8 and 14 degrees.
No 3joint fretting was observed. M-clip fretting was observed
intermittently the entire circumference of the outer tang surface.
No O-ring damage was observed. No port plug, O-ring, or port hole
damage was observed.

4.1.14.5 ET-to-Stiffener Factory Joint.

Heavy corrosion was observed intermittently on the tang 0.D. and
on the inner surface of the outer <clevis leg the entire
circumference of the joint. Fretting was observed at 82, 130, 138,
and at 150 degrees. M-clip fretting was observed at 162, 166, 168,
198, 232, 238, 244, 258, 302, 310, 312, 246, and 250 degrees. No
O-ring damage was observed. No port plug, O-ring, or port hole
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damage was observed. Nominal grease coverage was observed in the
port plug hole.

4.1.14.6 Stiffener-to-Stiffener Factory Joint.

Heavy corrosion was observed intermittently on the tang 0.D. and
on the inner surface of the outer clevis leg the entire
circumference of the joint. Fretting was observed at 6, 222, 244,
346, 348, and 358 degrees. M-clip fretting was observed at 174 and
208 degrees. No O-ring damage was observed. No port plug, O-ring,
or port hole damage was observed. Nominal grease coverage was
observed in the port plug hole.

. 4.1.14.7 Aft Dome-to-Stiffemer Factory Joint.

Heavy corrosion was observed at 168 through 170 degrees on the tang
sealing surface. Fretting was observed at 14, 190, 194, 224, 230,
234, 238, 250, 254, 282, and 294 degrees. M-clip fretting was
observed intermittently the entire circumference of the tang 0.D.
No O-ring damage was observed. No port plug, O-ring, or port hole
damage was observed.

4.1.15 Miscellaneous Hardware

Corrosion pits were being found on case segments at GEI spot bond
locations because of galvanic action between the silver-filled
epoxy (Ecobond 56C) and the D6AC. 211 GEI was removed at Hanger
AF, 1light surface corrosion was found on all the spot bond
locations due to removal operations.

4.2 Right Motor Disassembly Evaluation
4.2.1 External Walk Around

The external walk around assessment revealed no signs of hot gas
leakage past any joints. There was missing instafoam on all three
stiffener rings and on the ETA rings at approximately 190 degrees
and the K5NA was cracked on the forward, center, and aft rings at
this same location. :

4.2.2 Safe and Arm Joint (Adapter-to-Barrier Booster)

There was soot on the I.D. edge of the retainer but not on either
face of the gasket. There were no signs of blow by past the
primary seal. A rework area was found on the inner side of the
forward face primary seal at 207 degrees. The environmental seal
was torn at 100 and 288 degrees on the forward face of the gasket.
There was no corrosion or damage found to the joint or the seals
at the time of disassembly.
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4.2.2.1 Safe and Arm Device Intermal Joints

Assessment’ of the safe and arm device found deformations of the
sealing washer of the 18 degree SII. A radial scratch across seal
washer of the 18 degree SII was also found. Raised metal was
present on the primary seal surface and the lead-in thread of the
198 degree SII port. Circumferential galling was found on the land
between the primary and secondary seal surfaces of both SII ports.
A closed radial flow line was found on the I.D. of the B-B leak
test port plug O-ring. Circumferential galling was found on the
seal surface of the Barrier Booster (B-B) and S&A leak check port
plugs. Also, three deformations were present on the underside of
the S&A leak check port plug, the largest deformation extended into
the O-ring footprint.

4.2.3 Outer Igmniter Joint (Adapter-to-Forward Dome)

A blow hole through the zinc chromate putty was present at 175
degrees. Soot was found on the I.D. edge of the retainer from 18
to 342 degrees . No anomalies were found on the primary or
secondary seals of the gasket.

4.2.3.1 Igniter/Case Hardware

Heavy corrosion was found on the I.D. edge of the igniter through
hole and igniter chamber at 175 degrees, the corrosion pit in the
through hole measured 0.001 to 0.002 inch deep. No other damage was
found on the igniter adapter, igniter chamber or the igniter
through hole.

4.2.4 Inner Igniter Joint (Adapter-to-Chamber)

A blow hole through the =zinc chromate putty was found at 90
degrees, soot was present on the I.D. edge from 88 to 96 degrees.
The outer 3Jjoint blow hole allowed combustion products to come
in-contact with the 0.D. edge of the inner gasket. The combustion
products corroded the cadmium plating off the retainer at the 175
degree location, dimensions are 1.5 inches circumferential by 0.15

inch radial (see Reference 8, Appendix A). Soot was found on the
0.D. edge of the retainer from 60 to 340 degrees. No seal damage
was found on either primary or secondary seals. Eleven Packing

with Retainers from the inner 3joint bolts were damaged during
disassembly. All the transducer bolts had soot up to the primary
O-ring.

4.2.5 Forward Field Joint
There was no sign of hot gas or soot past the J-leg. The grease

coverage was per design and no corrosion was found on any of the
sealing surfaces. The joint was slightly contaminated with debris
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from the hydrolaze operations which removed the joint protection
system.

No seal damage was observed at the time of disassembly and the V-
2 filler was properly installed with no visible damage. Detailed
assessment of the O-rings revealed no damage.

4.2.5.1 Forward Fieid Joint Case Hardware

Assessment of the metal components found light fretting at 44 and
45 degrees and a 0.004 inch deep fret at 180 degrees. Figure 10
gives a detailed view of the fretting.

4.2.6 Center Field Joint

There was no sign of hot gas or soot past the J-leg. The grease
coverage was per design and no corrosion was found on any of the
sealing surfaces except for as noted below. The joint was slightly
contaminated with debris from the hydrolaze operations which
removed the joint protection system.

No seal damage was observed at the time of disassembly and the V-
2 filler was properly installed with no visible damage. Detailed
assessment of the O-rings revealed no damage.

4.2.6.1 Center Field Joint Case Hardware

Assessment of the metal components found light fretting from 156
to 187, 256 to 280, 298 to 315, and 338 through 0 to 1 degrees.
Moderate (0.003 to 0.005 inch deep) fretting at 118, 305, and 340
degrees. A 0.009 inch fret was found at 350 degrees. Figure 11
gives a detailed view of the fretting. Also, medium corrosion was
present on the 0.D. of the clevis from 86 to 92 degrees.

4.2.7 Aft Field Joint

There was no sign of hot gas or soot past the J-leg. The grease
coverage was per design and no corrosion was found on any of the
sealing surfaces. The joint was slightly contaminated with debris
from the hydrolaze operations which removed the joint protection
system.

No seal damage was observed at the time of disassembly and the V-
2 filler was properly installed with no visible damage. Detailed
assessment of the O-rings revealed no damage.
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4.2.7.1 Aft Field Joint Case Hardware

Assessment of the metal components found light fretting at 30, 35,
42, and 55 degrees. Figure 12 gives a detailed view of the
fretting. A

4.2.7.2 External Attach Stubs

No damage was found on the ET attach forward or aft stubs or bolt
holes.

4.2.7.3 Stiffener Rings
No damage was found on the forward stiffener ring.

The center stiffener ring had 25 bolts missing from 160 to 208
degrees when it was still installed on the motor. Post-removal
assessment found the web cracked between 178 and 188 degrees at the
web to flange interface. The web was buckled at 159 degrees.

The aft stiffener ring had nine bolts missing from 162 to 178
degrees and 10 missing from 190 to 208 degrees when it was still
installed on the motor. Post-removal assessment found the web
cracked at 180 and 188 degrees. The web was buckled at 162 and 208
degrees and there were numerous deformed holes between 188 and 204
degrees.

4.2.7.4 Stiffener Stubs

The forward stiffener stub, forward stiffener ring stub, and aft
stiffener ring stub were not damaged.

The center stiffener ring stub had an outer ligament crack at 210
degrees.

4.2.8 Nozzle-to-Case Joint

There was no evidence of hot gas or soot past the polysulfide. The
grease application was per specification. There was no corrosion
found on either the fixed housing or the aft dome. No polysulfide
extruded past the wiper O-ring. No radial bolt hole disassembly
plugs were damaged during the disassembly process.

Detailed assessment of the O-rings and Packing with Retainers found
no damage.

4.2.8.1 Nozzle-to-Case Joint Hardware

The aft dome nozzle boss and the fixed housing showed no signs of
metal damage or corrosion on the mating or sealing surfaces.
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4.2.9 Aft Exit Cone Joint (Joint 1)

No pressure paths were found through the RTV, therefore no pressure
or soot reached the primary O-ring. Light corrosion was found on
‘the I.D. of the flange from 135 to 153 degrees and medium corrosion
from 97 to 130, and 265 to 300 degrees.

No damage was found on the O-ring during detailed assessment.
4.2.10 Forward End Ring-To-Nose Inlet Housing (Joint 2)

Scalloped shaped sooting was observed around the full circumference
of the 3joint about half way between the edge of the aluminum
housing and the primary O-ring groove situated between bolt holes.
No soot appeared to have reached the primary O-ring. Typical light
corrosion was observed on both mating surfaces. No damage was
observed to the primary O-ring, the secondary O-ring, or sealing
surfaces. No port plug, O-ring, or port hole damage was observed.
The port hole had nominal grease coverage.

4.2.11 Nose Inlet Housing-To-Throat Support Housing (Joint 3)
Detailed assessment revealed no anomalies to the joint. No damage

was found during assessment of the primary or secondary O-rings,
and the sealing surfaces had no signs of damage. No corrosion was

observed on the mating surfaces. No port plug, O-ring, or port
hole damage was observed. The port hole had nominal grease
coverage.

4.2.12 Forward Exit Cone-To-Throat Support Housing (Joint 4)

No pressure paths were observed through the RTV backfill. No
damage to the primary O-ring, the secondary O-ring, or sealing
surfaces were observed. No corrosion was found on any of the joint
sealing surfaces. Dark colored grease on the area between the
primary and secondary O-ring grooves was observed at 90 through 85,
105 through 115, and 195 through 200 degrees. No port plug, O-
ring, or port hole damage was observed.

4.2.13 Housing-To-Aft End Ring (Joint 5)

Detailed assessment revealed no anomalies to the joint. No damage
was found during assessment of the primary or secondary O-rings,
and the sealing surface revealed no signs of damage. There was
intermittent very light corrosion of the I.D. lip of the aft end
ring. No port plug, O-ring, or port hole damage was observed. All
Packing with Retainers had typical disassembly damage.
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4.2.14 Factory Joints

4.2.14.1 Forward Dome-to-Cylinder Factory Joint.

Heavy corrosion was observed in the primary O-ring groove at 222
through 230, and 272 through 292 degrees and the secondary O-ring
groove at 12 through 18, 238 through 264, 268 through 272, and 294
through 326 degrees. Heavy corrosion was observed on the tang
sealing surface at 224 and 314 degrees. No joint fretting or M-
clip fretting was observed. Water knife damage was observed on the
primary O-ring but this is an expected condition. No damage to the
secondary O-ring was observed. No port plug, O-ring, or port hole
damage was observed.

4.2.14.2 Forward Cylinder-to-Cylinder Factory Joint.

No heavy corrosion was observed. Joint fretting was observed at
174, 241, 243, 273.5 through 285, 336 and 340 degrees. M-clip
fretting was observed at 236 and at 238 degrees on the outer tang
surface. No O-ring damage was observed. No port plug, O-ring, or
port hole damage was observed. The port hole had nominal grease
coverage.

4.2.14.3 Center Forward Cylinder-to-Cylinder Factory Joint.

No heavy corrosion was observed. No 3joint fretting or M-clip
fretting was observed. No O-ring damage was observed. No port
plug, O-ring, or port hole damage was observed.

4.2.14.4 Center Aft Cylinder-to-Cylinder Factory Joint.

No heavy corrosion was observed. No joint fretting or M-clip
fretting was observed. No O-ring damage was observed. No port
plug, O-ring, or port hole damage was observed. The port hole did
not have grease in it. '

4.2.14.5 ET-to-Stiffener Factory Joint.

No corrosion was observed in the joint. Fretting was observed at
12, 18, 22, 26, 34, 46, 50, 52, 54, 116, 178, 186, 192, 198, 202,
226, 234, 242, 246, 258, 316, 336, 338, and 344 degrees. M-clip
fretting was observed at 2, 26, 38, 294, 296, and 358 degrees. No
O-ring damage was observed. No port plug, O-ring, or port hole
damage was observed. Nominal grease coverage was observed in the
port hole.

4.2.14.6 Stiffener-to-Stiffemer Factory Joint.

No corrosion was observed in the joint. Fretting was observed
intermittently from 162 through 0 through 30 degrees. M-clip
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fretting was observed intermittently the entire circumference of
the outer tang surface. No O-ring damage was observed. No port
plug, O-ring, or port hole damage was observed. Nominal grease
coverage was observed in the port hole.

4.2.14.7 Aft Dome-to-Stiffemer Factory Joint.

No corrosion was observed in the joint. No fretting was observed

in the joint. M-clip fretting was observed intermittently the
entire circumference of the outer tang surface. No O-ring damage
was observed. No port plug, O-ring, or port hole damage was

observed. Nominal grease coverage was observed in the port hole.
4.2.15 Miscellaneous Hardware

Corrosion pits were being found on case segments at GEI spot bond
locations because of galvanic action between the silver-filled
epoxy (Ecobond 56C) and the D6AC. All GEI was removed at Hanger
AF, light surface corrosion was found on all the spot bond
locations due to removal operations.

4.3 Leak Check and Vent Port Plug Post Flight Evaluations

The evaluation of the port plugs, after flight use, consisted of
adding to the port plug torque database, visual inspection of the
port plug for damage, and visual inspection of the port plug
O-rings for anomalies.

The port plugs had breakaway torques recorded. This exercise was
done to add to the port plug torque database so evaluation of
installation torque levels and locking devices can be made on each
port plug. -

A summary of the postflight evaluations of the port plugs and port
plug O-rings is contained in Table 3. Port plugs in the igniters,
field joints, and nozzle-to-case joints were removed and assessed
during the disassembly operations at KSC. Port plugs in the
internal nozzle joints and factory joints were removed and assessed
at Clearfield. Closure screws were removed from the vent port
plugs at KSC and assessed there.

During the assessment at KSC several observations were reported
which were 0.D. extrusion damage to the adjustable vent port plug
primary O-ring and I.D. circumferential cut to the field joint leak
check port plug O-ring. The extrusion damage occurred during the
installation of the vent port plug in to the port. This damage is
an acceptable condition because of the design of the primary seal.
The primary O-ring is used as a packing seal. When the adjustable
vent port plug is fully installed in the vent port, the primary O-
ring extrudes out of the gland area and is damaged. The damage is
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inherent to the design. The I.D. circumferential cut occurs when
the leak check port plug is removed from the port. The last thread
turns into the O-ring and cuts it. This is an acceptable
condition. The only other condition observed was the separation
on the I.D. mold line of the IPT secondary O-ring which is
addressed in section 5.2.

5.0 Post-Fire Team Assessments

The Seals Component Post-Fire Assessment Team, the Case Component
Post-Fire Assessment Team, and the RPRB has reviewed all
observations presented in this document and has determined that
eighteen observations were potential anomalies, classified as
critical, major, minor or remains observation, as defined under
Table 5 criteria. The Post Fire Anomaly Record (PFAR) number is
referenced after each potential anomaly.

5.1 Remains Observation

There were four potential anomalies that were classified as
"remains observation", they are:

1. Sheared metal on inner gasket retainer (360L009A-05)

2. Deformations on underside of S & A leak check port plug
(360L0095A-20) :

3. Outer ligament crack on center stiffener stub (360L009B-
02)
4, Pitting on forward dome boss (360L00S9B-04)

5.2 Minor Anomalies

Fourteen potential anomalles were classified as "minor anomalies”,
they are:

1. Missing cadmium plating on igniter gasket retainer
(360L009B-07)

2. I.D. circumferential cut on the secondary O-ring of the
IPT plug (360L00SA-09)

3. Field joint fretting (360L00%9A-08, 360L009B-06)
4. Factory joint fretting (360L009 , 360L00S

5. Deformations in the sealing washer of the SII’s
(360L.009A-11, 360L00SB-12)
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5.3

6. Copper particles in Barrier Booster rotor shaft grease
(360L009A-13)

7. Radial scratch across the sealing washer of the SII
(360L009B-14)

8. Galling on shoulder seal surface of MS9902-01 leak test
port plug (360L009B-15)

9. SII 1leak test port through-hole filled with grease
(360L00%A-16)

10. Raised metal on shoulder seal surface of SII port
(360L.009B-18) ' :

11. Nick on primary sealing surface of Barrier Booster bore
(360L.00%A-20)

Major Anomalies

There were no major anomalies

5.4

Critical Anomalies

There were no critical anomalies

6.0

1.
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360L009 LEAK CHECK AND VENT PORT
PLUG POST FLIGHT ASSESSMENT RESULTS
JOINT PART LEFT HAND (9a) RIGHT HAND (9B)
LOCATION ASSESSED RESULTS RESULTS
Forward Adjust. Vent No Damage No Damage
Field Port Plug
Primary 0.D. Extrusion 0.D. Extrusion
O-ring Damage Damage
Secondary No Damage No Damage
: O-ring
Closure No Damage No Damage
Plug
O-ring No Damage No Damage
Leak Check No Damage No Damage
Plug
O-ring No Damage I.D. Circum-
ferential Cut
Center Adjust. Vent Medium Condition No Damage
Field Port Plug on spotface
outboard of
seal surface
Primary 0.D. Extrusion 0.D. Extrusion
O-ring Damage Damage
Secondary No Damage No Damage
O-ring
Closure No Damage No Damage
Plug
O-ring No Damage No Damage
Leak Check No Damage No Damage
Plug
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TABLE 3 (cont.)
O-ring No Damage No Damage
Aft Adjust. Vent ° No Damage No Damage
Field Port Plug
Primary 0.D. Extrusion No Damage
O-ring Damage ‘
Secondary No Damage No Damage
O-ring :
Closure No Damage No Damage
Plug '
O-ring No Damage No Damage
Leak Check No Damage No Damage
Plug
O-ring : No Damage No Damage
Nozzle- Adjust. Vent No Damage No Damage
to-Case Port Plug
Primary - 0.D. Extrusion 0.D. Extrusion
O-ring Damage Damage
Secondary No Damage No Damage
O-ring
Closure - No Damage " No Damage
Plug
O-ring No Damage No Damage
Leak Check No Damage No Damage
Plug
O-ring I.D. Circum- No Damage

ferential Cut
Internal Nozzle Joints

No. 1 Leak Check No Damage No Damage
Plug
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TABLE 3 (cont.)

O-ring. No Damage No Damage

No. 2 Leak Check No Damage No Damage
Plug :
O-ring No Damage No Damage

No. 3 Leak Check No Damage No Damage
Plug
O-ring No Damage No Damage

No. 4 Leak Check No Damage No Damage
Plug
O-ring No Damage No Damage

No. 5 Leak Check No Damage Small spot of
Plug medium corrosion

on spot face
outside of plug
mating surface

O-ring : No Damage ‘No Damage
Factory Joints
Forward Leak Check No Damage No Damage
Dome Plug

O-ring No Damage No Damage
Forward Leak Check No Damage No Damage
Segment Plug

O-ring No Damage No Damage
Forward Leak Check No Damage No Damage
Center Plug
Segment

O-ring No Damage No Damage
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Aft
Center
Segment

Attach-
to-Stiffener

Stiffener-
to-Stiffener

Aft Dome

Igniter

IPT

Outer Joint

Inner Joint
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Leak Check
Plug
O-ring

Leak Check
Plug

O-ring

Leak Check

‘Plug

O-ring

Leak Check
Plug

O-ring

Transducer
Primary
O-ring

Secondary
O-ring

Leak Check
Plug

O-ring
Leak Check
Plug

O-ring

Disassembly
Damage on plug
head

No Damage

No Damage

No Damage

No Damage

No Damage

No Damage

No Damage

No Damage

Separation on
I.D. mold line

No Damage
I.D. Circum-
ferential Cut

No Damage

I.D. Circum-
ferential Cut

DOC NO.

TWR-17548

No Damage
No Damage
No Damage

No Damage

No Damage

No Damage

No Damage

No Damage
No Damage

No Damage

No Damage
I.D. Circum-
ferential Cut

No Damage

No Damage
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SPACE OPERATIONS

Transducer
(40 Deg.)

Transducer
(100 Deg.)

Transducer
(180 Deg.)

Transducer
(270 Deg.)

Special Bolt
(40 Deg.)

Special Bolt
(100 Deg.)

Special Bolt
(180 Deg.)

REVISION

FORM TC 7994-310 (REV 2-88)

Primary
O-ring

Secondary
O-ring

Primary
O-ring

Secondary
O-ring

Primary
O-ring

Secondary

O-ring

Primary
O-ring

Secondary
O-ring

Primary
O-ring

Packing
with
Retainer

Primary
O-ring

Packing
with
Retainer

Primary
O-ring

TABLE 3 (cont.)

No
No
No
No
No
No
No
No
No

No

No

No

No

Damage

Damage

Damage

Damage

Damage

Damage

Damage

Damage

Damage

Damage

Damage

Damage

Damage

DOC NO.

No Damage
No Damage
No Damage
No Damage
No Damage
No Damage
No Damage
No Damage
No Damage

No Damage

No Damage

No Damage

No Damage

TWR-17548 | vou IT
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SPACE OPERATIONS

Packing

with
Retainer

Special Bolt
(270 Deg.)

Primary
O-ring

Packing

with
Retainer

REVISION

FORM TC 7994-310 (REV 2-88)

TABLE 3 (cont.)

No Damage

No Damage

No Damage

DOC NO.

No Damage

No Damage

No Damage

TWR-17548 |vo. IT
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T72coAo€ corroration

SPACE OPERATIONS

CRITERIA FOR CLASSIFYING

TABLE 4

"POTENTIAL ANOMALIES"

Anomaly
Remains
Observation Minor Major Critical
Requires no | Requires correc- Could cause failure | Violates CEI Spec.
Specific tive action, in combination w/ requirements
Action but has no other anomaly
) impact on: Could cause failure
Could cause damage and possible loss
- Motor Performance| preventing reuse of mission/life
- Program Schedule of hardware
. Mandatory resolution
Does not reduce Program acceptance before subsequent
usability of part of cause, correct- static test/flight
for its intended ive action, and
function risk assessment re-
quired before sub-
Could cause damage sequent static test
* preventing reuse or flight
of hardware in
combinatiom with
other anomaly
Significant depar-
ture from the his-
torical database
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.

REVISION

FORM TC 7994-310 (REV 2-88)

DOC NO. -
SEC




T 220A0€ corroramon

SPACE OPERATIONS

Forward 0 deg

\ | 270 deg
) /

RSRM Angular Location

Forward Segment

7/
90 deg |
180 deg

Forward Center Segment

Aft Center Segment

(forward face)

486.4 523.8
531.5

1491.5

(ET attach)
1511.0

Forward Dome Stiffener Stubs -

1491.5

1817.6

1837.1
1875.2
(aft face of
o - aft dome)
Eield Factory
(noule) 1875.2 1817.8 Aft Seament Stations
1491.5 | 1697.5 9 o)
e | e
. . 1 .
(igniter) 486.4 12;}? % 1::-3,:
531.5 @ 17778
Figure 1 RSRM Case Segments and Relationships
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SPACE OPERATIONS

Aft Exit Cone
Factory Joint Factory Joint Factory Joint Factory Jolnt—\ Fleld Joint
AR { i ; o
LA L g L |
- | : !
Forward :Sogment —- FWD-CT l": Segment _1_ Aft-CTR lSQQment - Aft SQ?mont
I \ 1 \
A A A 1
A B ’ B B C
Igniter Joints Fleid Joint Fleid Joint Fleld Joint Nozzle-to-Case
. Joint
- — S&A Joint
1 Capture Feature O-ring
Igniter Adapter
A ¢ p. Capture Feature Q:::slve
[ Inner Joint Interference Fit y
Outer Joint V, Filler
m!m "/~ Forward Dome -z -
| I . Tang 1 @ Clevis
Vent Port sy

IGNITER JOINTS
(VIEW A)

Nozzle Fixed Housing

Polysuifide

Vent Port (43.2 deg)
Radial Boit

Packing with Retainer

Leak Check Port
(90 deg)

4 '
‘0, 7

y{.&\?\\\\.’ =
i

N\ 2778 =
S

sgcondary O-ring
Wiper O-ring

Axial Bolt

Primary O-ring

Aft Dome

NOZZLE-TO-CASE JOINT
(VIEW C) :

Figure 2.

REVISION

FORM TC 7994-310 (REV 2-88)

Leak Check Port Secondary O-ring

Primary O-ring

CASE FIELD JOINT
(VIEW B)

Glass Cloth Phenolic
Primary O-ring

Secondary O-ring

Glass Cloth Phenolic

Forward Exit Cone
Housing (Steel)

—

o

Aft Exit Cone -/
Shell (Aluminum)

FORWARD EXIT CONE-TO-AFT
EXIT CONE JOINT (VIEW D)

bocwo.  WR-17548 | Ve 17
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SPACE OPERATIONS
Flexible
Bearing . .
Throat Assembly
Assembly s Forward Exit Cone Assembly
1 Forward-to-Aft Exit Cone Fleid Joint
{(not shown beiow)
Aft Exit Cone Assembly
5
Nose Inlet
Assembly 2 Cowl Assembly
‘ ' Nozzie Fixed Housing Boot Assembly
ABT BNt M.
Forward
End Ring

Flexible Bearing
Leak Check Port
Bearing Protector

RTV Sealant

Backf Forward Exit

Secondary Cone Housing

O-ring

Prlmary
O-ring

Nose Inlet
Housing

Cowl Housing

Throat Support Housing
Secondary O-ring

Primary
O-ring .
Leak Check Port . =

ADTIEEERE WA
RTV (applled .
befo‘r(e %gsembly)

Nose Inlet Housling-to-Flex
Bearing Joint

Throat Housing-to-Forward
Exit Cone Joint

Aft End
g:;/k?lﬁalant Ring Secondary O-ring
Primary Primary O-ring
O-ring
Fixed Housing
AW S, |
Secondary
O-ring -
AP .
RTV (applled
Forward End Ring Leak Check Port before assembly) < inner Boot Ring

N -0~ Flexible Bearing-to-
@ ose ln::,r;::'?jg;: Throat @ Fixed Housing Joint:

.

Figure 3. RSRM Nozzle Internal Joints
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SPACE OPERATIONS

SEALS

PRIMARY SEAL

ROTOR SHAFT
SECONDARY SEALS
SECONDARY SEAL

ROTOR SHAFT

PRIMARY SEALS

5532858

SRM IGNITION
INITIATOR

Figure 4. Safe and Arm Device Seals
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WCORPORAWON OF POOR QUALITY

SPACE OPERATIONS
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E

CENTER

(-

Figure 5 Field Joint Fretting Summary
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T2 oo corroration

SPACE OPERATIONS

IPT Plug

[ o [ =

Secondary O-ring

Primary O-ring

115 deg | 90 deg
100 deg

Igniter Adapter (top view)

Figure 6 Igniter TPT Plug
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SPACE OPERATIONS

172

180°

REVISION

FORM TC 7994-310 (REV 2-88)

270°

ALL LIGHT FRETTING

Figure 7 LH Forward Field Joint Fretting
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W CORPORATION

SPACE OPERATIONS

84

ALL LIGHT FRETS EXCEPT A
M MED IUM
H HEAVY

270°

Figure 8 LH Center Field Joint Fretting
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SPACE OPERATIONS

ALL FRETS LIGHT
EXCEPT AS NOTED

MED UM

%o

INTERMITTENT L IGHT
AND MEDUM FRETTNG

157

H = H
/-
O’ Iso.
354 H 186
350
195
343
198
340
208
H
256
266
270°
Figure 9 LH Aft Field Joint Fretting
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SPACE OPERATIONS

%.

LIGHT \

+ PIT DEPTH IN MILS
L = LIGHT FRETTING

270°

Figure 10 RH Forward Field Joint Fretting
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350

347
345

343

340

W CORPORATION

SPACE OPERATIONS

%.

ALL FRETTING IS LIGHT
EXCEPT WERE NOTED

M = MEDIUM

H = HEAVY

Figure 11 RH Center Field Joint Fretting
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SPACE OPERATIONS

ALL FRETTNG WAS LIGHT

270°

Figure 12 RH Aft Field Joint Fretting
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APPENDIX A

RPRB PRESENTATIONS
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SPACE OPERATIONS

Overall Field Joint Fretting Clarification Form

Motor No.: 30L004 Date: JB-F-90

Assessmant Enginear(s): M. Baker L.byer A, Carlisle D. Wit D. Starrett

00

270°- 90° ;

Pits less than
0.003" deep.

Pits between 0.003"
and 0.005” deep.

Pits over 0.005” daep.
0 P 180°
00
V4 4
7 ~L‘¢‘

/

270° 90°

270 90°

180°

Clarification Number: B-4&B : Corresponding Ccnmant Number(s):




SPACE OPERATIONS

o
\

Fleld Joint Mapping of Fretting Clarification Form

"Motor No.: 3@0[_00‘7 Side: m Left (A) O Rrignt.(B) Dat_;:,,.. 3/7/90

Assessment Engineer(s): K‘ Ha{@r, Lo Hver—
7 t

Field Joint: OForward ( Sta. = 851.5) Ocenter (Sta. = 1171.5) K Att (Sta. = 1491.5)
ketch Indivl ield_Jol | o

e RS R e AT

%
B RGR L7005

S 2%
% ;"2/{%: ',’(//
95475 ,al///

’ o

7%

(o]

> @ o = ® @ % o v ® o v o olfe

Chamfer ' o PRI )

IL}-OD 14 /LLLQO

s As s i S A

7
"9%

i 5 S s %5
o0 nsolalion 7 7 S
L e .

b

( 7 Chamfer -~

x New Fret

o Qld Fret/Repair/3lend Region

| =inhole Centerline !

|

W

Clarificatio~ Wumber: F~-8b Correspor.cis: .>mment tiumber(s): !
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