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1.0 INTRODUCTION

A review of the performance and post-flight condition of the STS-27
Redesigned Solid Rocket Motor (RSRM) nozzles is presented in-this document.
Thermal/Structural instrumentation data is reviewed in-Section 4.3 of this
report, and applicable Discrepancy Reports (DRs) and Process Departures
(PDs) are presented in--Section 5.0. The Nozzle Component Program Team
(NCPT) performance evaluation and the Redesign Program Review Board (RPRB)

assessment is included in Section 6.0.

The STS-27 nozzle assemblies were flown on the RSRM Second Flight (Space
Shuttle Atlantis) on 2 December, 1988. The nozzles were a partially
submerged convergent/divergent movable design with an aft pivot point
flexible bearing. The nozzle assemblies (see Figure 1) incorporated the
following features:

a. RSRM forward exit cone with snubber assembly

b. RSRM fixed housing

c. Structural backup Outer Boot Ring (OBR)

d. RSRM cowl ring

e. RSRM nose inlet assembly

f. RSRM throat assembly

REVISION pocno. TWR-17541-5 [ voL
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g.

RSRM aft exit cone assembly with Linear-Shaped Charge (LSC)

. RTV backfill in Joints 1, 3, and 4

. Use of EA913 NA adhesive in place of EA913 adhesive

. Redesigned nozzle plug

. Carbon Cloth Phenolic (CCP) with 750 ppm sodium content

Figures 2a and 2b show the CCP material usage for the STS-27 forward nozzle

and aft exit cone assemblies.
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2.0 OBJFCTIVES

The RSRM second flight test objectives, as outlined in TWR-18891 (Morton
Thiokol, 1Inc. Requirements Document for RSRM Second Flight), are listed in
this section. The test objectives were derived from the CEI Specification
CPW1-3600.
AB. Post-flight inspection to verify no gas leaks occurred between the flex
bearing internal components (CEI para. 3.2.1.2.3.d).
AF. Demonstration and post-test inspection of exit cone severance (CEI para.
3.2.1.4.5).
AG. Post-flight inspection for flex bearing damage due to water impact (CEI
para. 3.2.1.4.7.c).
AH. Demonstrate the performance of the nozzle environmental protection (CEI
para. 3.2.1.4.7.c).
AI. Post-flight inspection to verify nozzle liner performance (CEI para.
3.2.1.4.13).
AJ. Demonstrate the exit cone severance ordnance ring (CEI para.
3.2.1.4.12).
AV. Post-flight inspection to verify the nozzle metal parts are reusable
(CEI para. 3.2.1.9.b).
AV. Flight demonstration followed by post-flight inspection to verify the
flex bearing is reusable (CEI para. 3.2.1.9.c).
BJ. Post-flight inspection to verify remaining nozzle ablative thicknesses
(CEI para. 3.3.6.1.2.7).
BK. Post-flight inspection to verify nozzle safety factors (CEI para.

REVISION

3.3.6.1.2.8).

DOC NO. TWR-17541-5 ivoL

SEC ] PAGE

3



;,/é4k$b<26%6?<1%vvﬁAn0N

SPACE OPERATIONS

3.0 CONCLUSIONS AND RECOMMENDATIONS

Compliance to the flight test objectives is discussed below.

AB.

AF.

AG.

AH.

AI.

AJ.

AV.

AV.

BJ.

BK.

Examination of the bearings showed no evidence of flow or erosion
between shims. The post-flight flex bearings passed acceptance
testing.

Successful severance of both nozzle exit cones was demonstrated.

The flex bearings showed no damage due to water impact and passed
post-flight acceptance testing.

The nozzle plugs burst into multiple pieces at motor ignition. No
debris or adverse propulsion effects from the nozzle plugs were

observed.

The STS-27A and B nozzle liners showed no pocketing or wedgeouts that
occurred during motor burn.

Successful severance of both nozzle exit cones was demonstrated.
There was no STS-27A or B metal housing damage preventing re-use.

The STS-27A and B flex bearings performed nominally during flight and
passed post-flight acceptance testing.

All STS-27A and B nozzle liners showed positive performance margins
of safety.

All STS-27A and B nozzle liners showed positive performance margins
of safety.

The structural integrity of the nozzle was verified in that the

instrumentation data demonstrated positive margins of safety at all

locations

measured. In general, all strain gage data correlated well with

the predicted strain from analysis models as well as data obtained from

static

test motors. Temperatures tended to be constant throughout the

flight and remained in an acceptable range.
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4.0 RESULTS/DISCUSSION

4.1 STS-27A (Left-Hand) Nozzle/Flex Bearing Observations

Overall erosion of the STS-27A forward nozzle assembly CCP ablative liner
was smooth and uniform. Post-flight subassembly flow surface gaps are
shown in Figure 4.1. Eroded chamfer edges were included in the flow
surface bond gap measurements. Overall views of the nozzle are shown in

Figures 4.2 through 4.6.

4.1.1 STS-27A (LH) Nozzle Components

Test objectives AB, AF, AG, AH, AI, AJ, AV, AW, BJ and BK are satisfied in

this section.

STS-27A Aft Exit Cone Assembly

Overall views of the STS-27A aft exit cone fragment are shown in Figures

4.7 through 4.8.

The aft exit cone was severed aft of the compliance ring by the
linear-shaped charge. The nozzle severance system performance was nominal.

The exit cone cut was clean, with no unusual tearing or breaking.
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The remaining aft exit cone fragment showed missing Carbon Cloth Phenolic
(CCP) 1liner 360 degrees circumferentially. Glass Cloth Phenolic (GCP)
insulator plies were also torn from the severed end of the exit cone,
however no aluminum shell was exposed. These are typical post-flight
observations and occur during exit cone severance and at splashdown. The

remaining GCP plies showed no signs of heat effect.

The polysulfide groove fill on the forward end of the aft exit éone showed
no separations. Post-flight measurements of the polysulfide groove radial
width (see Figure 4.9) show that the GCP insulator did not pull away from
the aluminum shell during cooldown. The average post-flight radial width
of the groove was 0.18 inch. The polysulfide appeared to shrink axially

aft a maximum of 0.11 inch (see Figure 4.10).

The forward end of the aft exit cone showed a separation located within the
GCP primary O-ring groove extending from 334 to O to 108 degrees (see
Figure 4.11). The maximum radial dimension of the separation was 0.05
inch. The separation resulted from post-burn heat soak and liner

shrinkage, or from splashdown loads.

Performance margins of safety could not be verified on the aft exit cone,

as a result of the loss of the CCP liner at LSC ignition and splashdown.

pocno. TWR-17541-5 J voL
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The 45- and 135-degree actuator brackets showed only minor paint chipping
and scratching, due to disassembly operations. The compliance ring showed
no damage. Minor metal scratches were observed on the aft exit cone shell
Outside Diameter (OD) surface at 90, 105 and 109 degrees as a result of

cork removal. The worst-case scratch was 0.020 inch deep radially.

STS-27A Forward Exit Cone Assembly

Overall views of the STS-27A forward exit cone are shown in Figure 4.12.

The forward exit cone showed missing CCP liner over the center 10 inches of
the cone 360 degrees circumferentially. This is a typical post-flight
observation and occurs at splashdown and during Diver Operated Plug (DOP)
insertion. The GCP insulator exposed by the missing liner showed no signs
of heat effect. The CCP liner remained bonded on the forward 8 to 12
inches and on the aft 12 inches of the cone. The flow surface of the
remaining liner showed the typical dimpled erosion pattern that has
occurred on all flight and static test forward exit cones (see Figure

4.13). The maximum radial depth of the dimpled erosion was 0.15 inch.

The aft end of the forward exit cone showed no bondline separations between

the EA946 adhesive and the steel housing. There were no separations within

the GCP insulator or at the GCP/CCP interface. Two small cohesive
REVISION pocno. TWR-17541-5 | voL
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separations in virgin CCP occurred at 45 and 120 degrees, and measured
0.008 and 0.005 inch wide radially, respectively (see Figure 4.14). There
were no signs of heat effect in, or adjacent to, the separations. This is
a typical observation and results from post-burn heat soak and cooldown

liner shrinkage, and/or splashdown loads.

The forward end of the forward exit cone also showed no bondline
separations. Separations were observed on the forward end of the forward
exit cone between the GCP and CCP around most of the circumference. The
largest measured 0.060 in. wide radially from O to 30 degrees and extended
12 inches axially along the remaining CCP 1liner (see Figure 4.14). These
separations resulted from post-burn heat soak and cooldown liner shrinkage,

and/or loads induced by splashdown and DOP insertion.

Sectioning of the FEC 1liner revealed CCP-to-GCP separations occurring
intermittently along the exit cone length and around the circumference.
Separations were also observed within the GCP insulator. These separations
are typical observations and resulted from post-burn heat soak and cooldown
liner shrinkage, and/or from washout and sectioning operations. Sectioning
also revealed surface delaminations extending into virgin CCP material.

There was no evidence of heat effect within the virgin material.

Table 4.1 presents the STS-27A forward exit cone char and erosion data and

performance margins of safety. The margins of safety in this table were
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based on measured erosion, corresponding measured char adjusted to the end
of action time, and RSRM minimum liner thicknesses. Figure 4.15 shows the
locations of the measurement stations on the forward exit cone. All
margins of safety were positive with a worst case of 0.07 at Station 1 (90

and 135 degrees).

The forward exit cone housing aft flange 91.8-degree locator pin hole was
slightly deformed by the alignment pin during aft exit cone demate. The
aft corner of the hole was dented approximately 0.025 inch

circumferentially by 0.01 inch axially.

STS-27A Throat Assembly

Overall views of the STS-27A throat assembly are shown in Figures 4.5 and

4.6.

Erosion of the throat and throat inlet rings was smooth and uniform, with
no wedgeouts or popped-up charred CCP material observed. The throat
post-flight mean diameter was 55.870 inches (erosion rate of 8.24
mils/second based on an action time of 121.9 seconds). Nozzle post-burn
throat diameters have ranged from 55.787 to 56.38 inches. The flow surface
bondline gap between the throat ring and throat inlet ring was 0.10 inch

and is typical of past static test and flight nozzles.
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The aft end of the throat assembly showed a bondline separation between the
EA913 NA adhesive and throat support housing (see Figure 4.16). The
separation measured 0.01 inch wide radially and extended 360 degrees
circumferentially. This bondline separation is a typical observation and
results from post-burn heat soak and cooldown liner shrinkage. The throat

assembly forward end showed no bondline separations.

Sectioned views of the throat and throat inlet ring liner and insulator are
shown in Figures 4.17 and 4.18. Sectioning of the 1liner revealed
CCP-to-GCP separations occurring intermittently along the throat inlet ring
length and around the circumference. Separations were also observed within
the GCP insulator of the throat inlet ring. These separations are typical
observations and resulted from post-burn heat soak and cooldown liner
shrinkage, and/or from washout and sectioning operations. Sectioning also
revealed surface delaminations extending into virgin CCP material. There

was no evidence of heat effect within the virgin material.

Table 4.2 presents the STS-27A throat and throat inlet ring char and
erosion data and performance margins of safety. The margins of safety in
this table were based on measured erosion, corresponding measured char
adjusted to the end of action time, and RSRM minimum 1liner thicknesses.
Figure 4.19 shows the locations of the measurement stations on the throat
assembly. All margins of safety were positive with a worst case of 0.04 at

Station 8 (0 degrees).
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STS-27A Nose Inlet Assembly

Overall views of the STS-27A nose inlet assembly are shown in Figures 4.5

and 4.6.

The ply angle of the forward nose ring was checked and found to be of the
RSRM design. The flow surface bondline gap between the forward nose (-503)
ring and aft inlet (-504) ring was 0.15 inch. The flow surface bondline
gap between the -503 ring and the nose cap was 0.04 inch. These post-fired

measurements are typical of past static test and flight nozzles.

The -503 and -504 rings showed smooth erosion with no pockets or wash areas
observed. Wedged out and popped-up charred CCP material was observed on
the forward 1.5 to 1.7 inches of the -504 ring intermittently around the
circumference (see Figures 4.20 and 4.21). Sharp edges indicate a
post-motor burn occurrence time. Impact marks occurring after motor
operation appeared on both rings intermittently around the circumference.
The largest was on the -504 ring and measured 0.5 inch in diameter by 0.1
inch deep. These marks most likely resulted from the loose aft and forward

exit cone CCP material at splashdown.

The nose cap showed smooth erosion with no pockets or major washes
observed. The aft 2 inches showed wedged out and popped-up charred CCP

material intermittently around the circumference (see Figure 4.22). Sharp
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edges indicate a post-motor burn occurrence time. No wedgeouts were
observed on the forward end of the nose cap. The forward 1.5 feet of the

nose cap flow surface showed typical minor washing (0.10 inch maximum
radial depth). Intermittent impact marks occurring after motor operation
wvere observed on the forward tip of the nose cap. The largest measured 0.7

inch in diameter by 0.2 inch deep.

Bondline separations (see Figure 4.23) were observed on the aft end of the
nose cap between the metal and EA946 adhesive at 30 degrees (0.002 inch
wide radially), and between the adhesive and GCP at 90 to 105, 195, and 315
to 345 degrees (maximum 0.005 inch wide radially). There were no cohesive
separations or separations between the GCP and CCP on the nose cap aft end.

There were also no separations observed on the -504 aft inlet ring aft end.

Sectioned views of the nose cap, -503 and -504 rings liner and insulator
are shown in Figures 4.24 through 4.26. Sectioning revealed CCP-to-GCP
separations in the nose cap and -504 ring occurring intermittently along
the 1lengths and around the circumferences of the parts. Separations were
also observed within the -503 and -504 rings GCP insulators. These

separations are typical observations and resulted from post-burn heat soak

and cooldown 1liner shrinkage, and/or from washout and sectioning
operations. Sectioning also revealed surface delaminations extending into
virgin CCP material on all three rings. There was no evidence of heat

effect within the virgin material.
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Table 4.3 presents the STS-27A -503 and -504 rings char and erosion data
and performance margins of safety. The margins of safety in this table
were based on measured erosion, corresponding measured char adjusted to the
end of action time, and RSRM minimum liner thicknesses. Figure 4.27 shows
the locations of the measurement stations on the nose inlet assembly. All
margins of safety were positive with a worst case of 0.14 at Station 28 (O

and 15 degrees).

Table 4.4 presents the STS-27A nose cap char and erosion data and
performance margins of safety. The margins of safety in this table were
based on measured erosion, corresponding measured char adjusted to the end
of action time, and RSRM minimum liner thicknesses. Figure 4.27 shows the
locations of the measurement stations on the nose inlet assembly. All
margins of safety were 0.00 or greater with a worst case of 0.00 at Station

24 (0 degrees).

During nozzle Joint No. 3 disassembly inspections, a Helicoil in the nose
inlet housing 90-degree threaded hole was found to be damaged. Another
Helicoil at 100 degrees had approximately 1.5 coils raised above the face
of the nose inlet housing. This damage occurred during joint disassembly
operations (see Figure 4.28). Refurbishment showed that the 90- and
100-degree aluminum threads of the nose inlet housing were damaged.

Twinserts will be fitted in these two threaded holes.
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STS-27A Cowl/Outer Boot Ring/Flex Boot

Overall views of the STS-27B cowl and OBR are shown in Figures 4.29 through
4.31. The flow surface bondline gap between the cowl and nose cap was 0.10
inch. The flow surface bondline gap between the cowl and OBR was 0.18
inch. These post-burn gaps are typical of past static test and flight
nozzles. All covwl vent holes appeared plugged with slag on the 0D of the

ring.

Typical erratic erosion was observed intermittently around the cowl
circumference. The forward portion of the ring eroded a maximum of 0.15
inch greater than on the aft portion of the ring (see Figures 4.30 and
4.31). This erratic erosion is a result of the 1low ply angle of the cowl
ring and has been observed on the majority of flight and static test
nozzles. Cross-ply cracking isolated in charred CCP material extended
axially through the vent and shear pin holes. Post-burn wedgeouts and
popped-up charred CCP material were observed on the aft 2.5 to 3.0 inches,

intermittently around the circumference (see Figure 4.32).

Sectioned views of the cowl ring are shown in Figures 4.33 and 4.34.
Ply-1lift regions were observed within charred material on the forward half
of the ring. Ply lifting has been observed on the majority of sectioned

cowl rings and is believed to be a result of the low ply angle.
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The cowl forward end showed no bondline separations between the cowl

housing and insulator.

The structural backup outer boot ring was intact (see Figures 4.29 through
4.31). The flow surfaces showed smooth erosion with no pockets or major
washes. Post-burn wedgeouts and popped-up charred CCP material were
observed on the forward 1.5 inches of the OBR intermittently around the
circumference (see Figure 4.35). Delaminations in the charred CCP on the
aft tip were observed 360 degrees circumferentially. Charred CCP material
on the aft tip adjacent to the flex boot fractured and popped up over a
majority of the circumference. These are typical observations that have

occurred on the majority of static test and flight nozzles.

Sectioned views of the OBR and flex boot are shown in Figures 4.36 through
4.39. Delaminations located in virgin material were observed at the OBR
structural back-up/overwrap interface. The delaminations extended the

entire axial length of the OBR at O and 135 degrees. There were no signs

of heat effect within the delaminations.

The vulcanized axial bondline between the flex boot and the OBR showed
separations intermittently around the circumference and along the axial
length (see Figures 4.36 through 4.39). There were no separations observed

which extended the entire axial length of the bondline.
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The cowl aft tip remained bonded to the flex boot around the entire
circumference (see Figures 4.36 through 4.39). Small voids and cracks were
observed within the EA913 NA adhesive. There were no signs of flow between

the cowl and flex boot.

The axial bondline between the cowl and OBR showed cohesive and adhesive
separations around the circumference, but showed no signs of flow. It is
believed that the separations in the axial bondline resulted from post-burn

heat soak and cooldown liner shrinkage.

Table 4.5 presents the STS-27A cowl/outer boot ring char and erosion data
and performance margins of safety. The margins of safety in this table
were based on measured erosion, corresponding measured char adjusted to the
end of action time, and RSRM minimum liner thicknesses. Figure 4.40 shows
the 1locations of the measurement stations on the cowl and outer boot ring.
All margins of safety were positive with a worst case of 0.20 at Station 1

(O degrees).

The cavity side of the flex boot showed no evidence of flow or erosion. It
wvas uniformly sooted and charred, and appeared typical of previous flight
and static test nozzles. A minimum of 3.8 NBR plies remained around the
flex boot circumference following the flight. Figure 4.41 presents the
flex boot material affected depth per circumferential location, along with
the performance margins of safety. The worst-case performance margin of

safety was 0.46 and occurred at 300 degrees.
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STS-27A Fixed Housing

Overall views of the STS-27A fixed housing assembly are shown in Figures

4.2 through 4.4.

The fixed housing insulation erosion was smooth and uniform. Post-burn
wedgeouts of charred CCP material were observed on the forward 2 inches
intermittently around the circumference (see Figure 4.42). The maximum
radial depth was 0.35 inch. There were no bondline separations observed on

the aft or forward end, and the GCP was not heat effected.

Sectioned views of the fixed housing liner and insulator are shown in
Figures 4.43 and 4.44. Sectioning of the liner revealed CCP-to-GCP
separations occurring intermittently along the length and around the
circumference. Separations within the GCP insulator were also observed.
These separations are typical observations and resulted from post-burn heat
soak and cooldown liner shrinkage, and/or from washout and sectioning
operations. Sectioning also revealed surface delaminations extending into
virgin CCP material. There was no evidence of heat effect within the

virgin material.

Table 4.6 presents the STS-27A fixed housing insulation char and erosion
data and performance margins of safety. The margins of safety in this

table were based on measured erosion, corresponding measured char adjusted
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to the end of action time, and RSRM minimum liner thicknesses. Figure 4.45
shows the 1locations of the measurement stations on the fixed housing
insulation. All margins of safety were positive with a worst case of 0.66

at Station 3 (180 degrees) and at Station 11 (90 degrees).

STS-27A Bearing Protector

The bearing protector was sooted along the entire length and circumference
(see Figures 4.46 and 4.47). Heavier soot and erosion were observed in
line with the cowl ring vent holes at the thickened portion. Erosion
depths at these locations are presented in Figure 4.48. There was no
evidence of heat effect on the inside diameter (ID) surface of the bearing

protector.

STS-27A Flex Bearing

Overall flex bearing performance during the flight was acceptable. The
bearing showed no damage and no indications of exposure to heating. Pad
unbond inspections showed an increase of Pad #1 unbond area from 33.7 inz
to 74.9 inz. The total flex bearing pad unbond area (142 inz) also
exceeded specification limits (70 in2). These results were written up on

DR 169337. The post-flight bearing passed acceptance testing and was

found acceptable for reuse.
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4.1.2 STS-27A Nozzle Joints

Descriptions of the five STS-27A nozzle joints follows. The joint flow
surface gap openings between each nozzle subassembly are summarized in

Figure 4.1. All gaps were typical of previous static test and flight

nozzles.

STS-27A Aft Exit Cone-to-Forward Exit Cone (Joint No. 1)

A cross-sectioned view of the STS-27A aft exit cone/forward exit cone field

joint is presented in Figure 4.49.

The backfilled RTV extended below the joint char line 360 degrees
circumferentially. RTV reached the high pressure side of the primary
O-ring groove from 56.25 to 120, 123 to 131.75, 153.75 to 309.5 and 330 to

348 degrees. The primary O-ring did not see pressure.

Examination of the joint showed black and white corrosion appearing between
the primary and secondary O-rings, and outboard of the secondary O-ring
intermittently around the circumference (see Figures 4.50 and 4.51). The
black corrosion is the beginning stage of the aluminum oxide. The
corrosion was less than that observed on the STS-26 (LH) and (RH) joints,
but more than what was observed on the STS-27 (RH) joint. There was no

pitting observed.
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A white rubbery substance was observed on the aft end of the forward exit
cone on the EA946 adhesive bondline, intermittently around the
circumference. The substance was flexible when stretched and adhered to the
aft surface. This substance has not previously been observed. Lab
analysis showed the substance to be tape adhesive. This observation is

discussed further in Section 6.1 of this report.

The forward exit cone housing aft flange 91.8-degree locator pin hole was
slightly deformed by the alignment pin during aft exit cone demate. The
aft corner of the hole was dented approximately 0.025 inch
circumferentially by 0.01 inch axially.

The STS-27(LH) aft exit cone field joint bolts showed no damage.

STS-27A Nose Inlet-to-Bearing Forward End Ring-to-Cowl (Joint No. 2)

A cross-sectioned view of the STS-27A nose inlet/forward end ring/cowl
joint is presented in Figure 4.52. Photographs of the post-flight joint

are shown in Figures 4.53 through 4.56.

The RTV extended below the joint char line and filled the radial portions
of the joint 360 degrees circumferentially. RTV extended to the nose inlet

housing from O to 4, 96, 180 to 188, and 265 to 274 degrees. There was no
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RTV extending to the primary O-ring. EA913 NA adhesive also extended to
the nose inlet housing from 89 to 92, 112 to 117, 130 to 142, 180 to 198,
210 to 230, 258, and 325 degrees. EA913 NA adhesive mixed with the RTV
360-deg circumferentially. The adhesive was typically sandwiched between
two layers of RTV. Soot was observed on the surface of the RTV, but there
was no erosion or heat effect. Distinct blowpaths through the RTV were
evident on the radial ID phenolic portion of the joint at 29, 289, 296, and
348 degrees. A possible blowpath was located at 12 degrees on the radial ID
phenolic surface. The blowpaths at 29, 289, and 348 degrees eroded through
the RTV, but there was no erosion or heat effect to the GCP or SCP. At the
296-degree location, the GCP was charred approximately 0.002 inch deep
axially on the nose cap aft end. Soot was observed up to the primary
O-ring on the nose inlet housing intermittently around the circumference.
The primary O-ring saw pressure, but there was no blowby, erosion or heat
effect. Soot also extended to the bolt holes on the forward end of the

cowl housing intermittently around the circumference.
The metal housings showed no heat effect. Minor surface scratches were
found on the aft end of the nose inlet housing due to the wuse of jacking

screws during joint disassembly.

STS-27A Nose Inlet-to-Throat (Joint No. 3)

A cross-sectioned view of the STS-27A nose inlet/throat joint is presented
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in Figure 4.57. Photographs of the post-flight joint are shown in Figures

4.58 and 4.59.

The RTV backfill extended below the joint char 1line 360 degrees
circumferentially. RTV completely filled the radial ID portion of the
joint 360 degrees circumferentially, and extended along the axial portion
from O to 10, 95 to 210, 240 to 270, and 280 to 330 degrees. RTV did not
extend onto the radial OD or reach the primary O-ring anywhere around the
circumference. There were no RTV voids or blow paths observed in the

joint. The primary O-ring did not see pressure.

Corrosion was observed on both sides of the joint inboard of the primary
O-ring extending from the metal surfaces onto the phenolics of the radial
OD portion of the joint. There was no pitting observed. There were no
bondline separations observed on either the forward end of the throat inlet

or the aft end of the -504 ring.

During nozzle Joint No. 3 disassembly inspections, a Helicoil in the nose
inlet housing 90-degree threaded hole was found to be damaged. Another
Helicoil at 100 degrees had approximately 1.5 coils raised above the face
of the nose inlet housing. This damage occurred during joint disassembly
operations. Refurbishment showed that the 90- and 100-degree aluminum
threads of the nose inlet housing were damaged. Twinserts will be fitted

in these two threaded holes.
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STS-27A Throat-to-Forward Exit Cone (Joint No. 4)

A cross-sectioned view of the STS-27A throat/forward exit cone joint is
presented in Figure 4.60. Photographs of the post-flight joint are shown

in Figures 4.61 and 4.62.

The RTV backfill extended below the joint char line 360 degrees
circumferentially. The RTV located on the radial 1ID portion of the joint
below the char 1line was charred 360 degrees circumferentially. RTV
completely filled the axial portion of the bondline and reached the high
pressure side of the primary O-ring circumferentially, except from 43 to
50.5, and 97.5 to 132 degrees, where unfilled void areas were located.
There were no blow paths to the void areas. The primary O-ring did not see

pressure, and there was no evidence of blowby, erosion, or heat effect.

A small surface void in the EA913 NA adhesive was found adjacent to the
steel forward exit cone housing. The void was centered at 286 degrees and
measured 1.5 inch circumferentially, 0.020 inch deep axially, and 0.050

inch wide radially.

Rust corrosion was evident on both surfaces of the joint, extending from 31
to 97.5 degrees on the RTV surface. This corrosion was found to be starting

at the metal to EA913 NA adhesive bondline of the throat assembly, and
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appeared intermittently around the circumference. There was no pitting
observed on the metal surfaces. White salt deposits were found on the
phenolic radial ID portion of the joint intermittently around the

circumference.

A continuous bondline separation approximately 0.01 inch wide radially was
observed between the EA913 NA adhesive and the steel throat support housing
360 degrees circumferentially. There were no separations found between the

adhesive and GCP, the GCP and CCP, or within the GCP or CCP.

STS-27A Fixed Housing-to-Bearing Aft End Ring (Joint No. 5)

A cross-sectioned view of the STS-27A aft end ring/fixed housing joint is
presented in Figure 4.63. Photographs of the post-flight joint are shown

in Figures 4.64 and 4.65.

RTV filled approximately 77 percent of the axial portion of the joint, but
did not reach the high pressure side of the primary O-ring. There were no
blow paths observed in the joint, and the primary O-ring did not see
pressure. Small air pocket voids were observed within the RTV radial

bondline intermittently around the circumference.

Rust corrosion was observed on the bearing aft end ring inboard of the
secondary O-ring groove from 250 to 265 degrees. Three rust spots were

found at the 265 degrees location on the secondary O-ring groove wall (low
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pressure side). Rust corrosion was also found on the axial ID portion of

the fixed housing intermittently around the circumference.

4.2 STS-27B (Right-Hand) Nozzle/Flex Bearing Observations

Overall erosion of the STS-27A forward nozzle assembly CCP ablative liner
was smooth and wuniform. Post-flight subassembly flow surface gaps are
shown in Figure 4.66. Eroded chamfer edges were included in the flow
surface bond gap measurements. Overall views of the nozzle are shown in

Figure 4.67 through 4.74.

4.2.1 STS-27B Nozzle Components

Test objectives AB, AF, AG, AH, AI, AJ, AV, AV, BJ and BK are satisfied in

this section.

STS-27B Aft Exit Cone Assembly

Overall views of the STS-27B aft exit cone fragment are shown in Figures

4.75 and 4.76.

The aft exit cone was severed aft of the compliance ring by the LSC. The
nozzle severance system performance was nominal with no unusual tearing or
breaking. The remaining aft exit cone fragment showed missing CCP liner

360 degrees circumferentially. Glass Cloth Phenolic (GCP) insulator plies

were also torn from the severed end of the exit cone. The missing liner
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and insulator exposed the aft 4 inches of the aluminum shell from
approximately 120 to 290 degrees. There was no corrosion observed on the
exposed metal. These are typical post-flight observations which occur
during exit cone severance and at splashdown. GCP plies exposed by the
missing liner showed no signs of heat effect. The EA946 adhesive bondline
was also exposed on the aft 4 inches of the exit cone shell intermittently
around the circumference. Voids were observed within the exposed adhesive
(see Figure 4.77). The maximum void measured 2 inches circumferentially by
3 inches axially. Adhesive bondline voids are inherent to the aft exit

cone bonding process and are an expected condition.

The polysulfide groove fill on the forward end of the aft exit cone showed
no separations. Post-flight measurements of the polysulfide groove radial
width (see Figure 4.78) show that the GCP insulator did not pull away from
the aluminum shell during cooldown. The average post-flight radial width
of the groove was 0.17 inch. The polysulfide appeared to shrink axially

aft up to 0.09 inch (see Figure 4.79).

The aft exit cone forward end showed no separations within the GCP
insulator. Sectioning of the insulator revealed separations within the GCP
occurring intermittently along the exit cone 1length and around the
circumference. These separations are typical observations and resulted
from post-burn heat soak, liner shrinkage during cooldown, LSC ignition

and/or splashdown.
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Performance margins of safety could not be verified on the aft exit cone as

a result of the loss of the CCP liner at LSC ignition and splashdown.

The aft exit cone shell forward face showed metal scratches intermittently
around the circumference in line with the bolt holes (0.001 inch maximum
axial depth). A metal ding on the OD corner of the secondary O-ring groove
(0.08 inch circumferentially by 0.08 inch radially by 0.005 inch axially),
and a scuff mark outboard of the secondary O-ring groove (0.12 inch
circumferentially by 0.10 inch radially by 0.001 inch axially) were
observed at 5 degrees. The scratches, ding and scuff mark occurred during
disassembly. Refurbishment of the aft exit cone shell showed no Helicoil
or aluminum thread damage resulting from the bent bolts observed in the aft
exit cone field joint (see joint description in Section 4.2.2). The 45-
and 135-degree actuator brackets showed only minor paint scratches due to

disassembly operations. The compliance ring showed no damage.

STS-27B Forward Exit Cone Assembly

Overall views of the STS-27B forward exit cone are shown in Figures 4.71

and 4.72.

The forward exit cone showed missing CCP liner over the entire cone except

on the aft 1 to 8 inches from 20 to 270 degrees. The missing liner exposed
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the forward shear pins. This is a typical post-flight observation and
occurs at splashdown and during DOP insertion. The GCP insulator exposed

by the missing liner showed no signs of heat effect. The flow surface of
the remaining liner showed the typical dimpled erosion pattern that has
occurred on all flight and static test forward exit cones. The maximum

radial depth of the dimpled erosion was 0.15 inch.

The aft end of the forward exit cone showed no cohesive separations or

separations at the EA946 adhesive/steel housing, adhesive/GCP, and GCP/CCP

interfaces.

Bondline separations on the forward end of the forward exit cone were noted
between the steel housing and the EA946 adhesive intermittently around the
circumference (see Figure 4.80). The maximum radial width of the
separations was 0.005 inch. These separations are typical observations and
result from post-burn heat soak and cooldown 1liner shrinkage. There were

no other separations observed on the forward end.

Sectioned views of the remaining forward exit cone liner are shown in

Figures 4.81 and 4.82.

Table 4.7 presents the STS-27B forward exit cone char and erosion data and
performance margins of safety. The margins of safety in this table were
based on measured erosion, corresponding measured char adjusted to the end

of action time, and RSRM minimum liner thicknesses. Figure 4.15 shows the
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locations of the measurement stations on the forward exit cone. All
margins of safety were positive with a worst case of 0.12 at Station 32 (90

degrees).

The major splashdown snubber impact on the bearing aft end ring occurred
over the 25-to-0-to-235 degree arc. Both the snubbers and aft end ring
showed heavy paint scratches in this area (see Figures 4.83 and 4.84). One
snubber (S/N 0001731) 1located at 235 degrees was displaced axially aft
approximately 0.5 inch. The snubber segment retainer bolts were either
sheared completely off or smashed from 270 to 340 degrees (see Figure
4.83). Impact of these bolts also left paint scratch marks on the aft end
ring. The remainder of the bearing aft end ring circumference showed minor

paint scratches indicating slight contact with the snubbers.

STS-27B Throat Assembly

Overall views of the STS-27B throat assembly (throat ring and throat inlet

ring) are shown in Figures 4.84 through 4.86.

Erosion of the throat and throat inlet rings was smooth and uniform, with
no wedgeouts observed. Popped-up charred CCP material was observed on the
forward 1.5 inches of the throat inlet ring from 220 to 340 degrees. Sharp
edges indicate this was a post-burn occurrence. Minor impact marks wvere
observed on the aft 4 inches of the throat ring intermittently around the

circumference.
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The throat post-flight mean diameter was 55.910 inches (erosion rate of
8.31 mils/second based on an action time of 123.3 seconds). Nozzle
post-burn throat diameters have ranged from 55.787 to 56.38 inches. The
flow surface bondline gap between the throat and throat inlet rings was

0.10 inch and is typical of past static test and flight nozzles.

A continuous bondline separation between the EA913 NA adhesive and the
steel throat support housing aft end was observed around the entire joint
circumference (see Figure 4.87). The maximum radial width of the
separation was 0.03 inch There were no cohesive separations or separations
at the adhesive/GCP and GCP/CCP interfaces on the aft end. There were also

no bondline separations observed on the throat inlet ring forward end.

Sectioned views of the throat and throat inlet ring liner and insulator are
shown in Figures 4.88 and 4.89. Sectioning of the liner revealed
CCP-to-GCP separations occurring intermittently along the throat inlet ring
length and around the circumference. Separations were also observed within
the GCP insulators of both rings. These separations are typical
observations and resulted from post-burn heat soak and cooldown liner
shrinkage, and/or from washout and sectioning operations. Sectioning also
revealed surface delaminations extending into virgin CCP material. There

was no evidence of heat effect within the virgin material.
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Table 4.8 presents the STS-27B throat and throat inlet ring char and
erosion data and performance margins of safety. The margins of safety in
this table were based on measured erosion, corresponding measured char
adjusted to the end of action time, and RSRM minimum liner thicknesses.
Figure 4.19 shows the locations of the measurement stations on the throat
assembly. All margins of safety were positive with a worst case of 0.04 at

Station 8 (180 degrees).

STS-27B Nose Inlet Assembly

Overall views of the STS-27B nose inlet assembly are shown in Figures 4.73

and 4.74

The ply angle of the forward nose ring was checked and found to be of the
RSRM design. The flow surface bondline gap between the forward nose (-503)
ring and the aft inlet (-504) ring was 0.15 inch. The flow surface
bondline gap between the -503 ring and nose cap was 0.04 inch. These

post-fired measurements are typical of past static test and flight nozzles.

The -503 and -504 rings showed smooth erosion with no pockets or wash areas
observed. Wedged out charred CCP material was observed on the forward 1.5
inches of the -504 ring from 73 to 100 degrees (see Figure 4.90).
Popped-up charred CCP material was observed on the forward 1.3 inches of

the -504 ring at 310 degrees and measured 4.5 inches circumferentially. A
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small wash area was observed at the -503/-504 interface at approximately
230 degrees. The wash area measured 0.5 inch wide circumferentially by 1.5
inches 1long axially by 0.1 inch deep radially. Impact marks occurring
after motor operation appeared on the -503 ring intermittently around the
circumference. These marks most likely resulted from the loose aft and

forward exit cone CCP material at splashdown.

The nose cap showed smooth erosion with no pockets or major washes
observed. The aft 2 inches showed wedged-out and popped-up charred CCP
material intermittently around the circumference (see Figure 4.91). Sharp
edges indicate a post-burn occurrence time. No wedgeouts were observed on
the forward end of the nose cap. The forward 1.5 feet on the nose cap 0D

surface showed typical minor washing (0.10 inch maximum radial depth).

There were no bondline separations observed on the -504 ring aft end or on

the nose cap aft end.

Sectioned views of the nose cap, -503 and 504 rings liner and insulator are
shown in Figures 4.92 through 4.95. Sectioning revealed CCP-to-GCP
separations occurring intermittently along the 1lengths and around the
circumferences of all three rings. Separations were also observed within
the GCP insulators of the -503 and -504 rings . These separations are
typical observations and resulted from post-burn heat soak and cooldown

liner shrinkage, and/or from washout and sectioning operations. Sectioning
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also revealed surface delaminations extending into virgin CCP material.

There was no evidence of heat effect within the virgin material.

Table 4.9 presents the STS-27B -503 and -504 rings char and erosion data
and performance margins of safety. The margins of safety in this table
wvere based on measured erosion, corresponding measured char adjusted to the
end of action time, and RSRM minimum liner thicknesses. Figure 4.27 shows
the 1locations of the measurement stations on the -503 and -504 rings. All
margins of safety were positive with a worst case of 0.13 at Stations 32

and 39 (180 degrees).

Table 4.10 presents the STS-27B nose cap char and erosion data and
performance margins of safety. The margins of safety in this table were
based on measured erosion, corresponding measured char adjusted to the end
of action time, and RSRM minimum liner thicknesses. Figure 4.27 shows the
locations of the measurement stations on the nose cap. All margins of

safety were positive with a worst case of 0.01 at Station 24 (135 degrees).

STS-27B Cowl/Outer Boot Ring/Flex Boot

Overall views of the STS-27B cowl and OBR are shown in Figures 4.67 through
4.70. Close-up views are shown in Figures 4.96 and 4.97. The flow surface
bondline gap between the cowl and nose cap was 0.10 inch. The flow surface

bondline gap between the cowl and OBR was 0.10 inch. These post-burn gaps
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are typical of past static test and flight nozzles. All cowl vent holes

appeared plugged with slag on the OD of the ring.

Post-burn wedgeouts and popped-up charred CCP material were observed on the
cowl ring aft 2.0 inches around the majority of the circumference. The
ring was completely intact from 260 to 290 degrees, and from 350 to O to 36
degrees. Typical erratic erosion was observed on the intact portions of
the cowl. The forward portion of the ring eroded a maximum of 0.15 inch
more than on the aft portion of the ring (see Figure 4.96). This erratic
erosion 1is a result of the low ply angle of the cowl ring and has been
observed on the majority of flight and static test nozzles. Cross-ply
cracking isolated in charred CCP material extended axially through the vent

and shear pin holes.

Sectioned views of the cowl ring are shown in Figures 4.98 and 4.99. Minor
ply-lift regions were observed within charred material on the forward half
of the ring. Ply lifting has been observed on the majority of sectioned

cowl rings and is believed to be a result of the low ply angle.

There were no bondline separations observed on the forward end of the cowl.

The structural backup outer boot ring was intact. The flow surfaces showed
smooth erosion with no pockets or major washes. Post-burn wedgeouts and
popped-up charred CCP material were observed on the forward 1.7 inches of

the OBR intermittently around the circumference (see Figure 4.100).
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Delaminations in the charred CCP on the aft tip were observed 360 degrees
circumferentially. Charred CCP material on the aft tip (adjacent to the
flex boot) fractured out and popped up over a majority of the circumference

These are typical observations which have been observed on the majority of

static test and flight nozzles.

Sectioned views of the OBR and flex boot are shown in Figures 4.101 through
4.104. Delaminations located in virgin material were observed at the OBR
structural back-up/overwrap interface (see Figure 4.102). The
delaminations extended the entire axial length of the OBR at 90 degrees.

There were no signs of heat effect within the delaminations.

The vulcanized axial bondline between the flex boot and the OBR showed
separations intermittently around the circumference and along the axial
length (see Figures 4.101, 4.103 and 4.104). There were no separations

observed which extended the entire axial length of the bondline.

The cowl aft tip remained bonded to the flex boot around the entire
circumference (see Figures 4.101 through 4.104). Small voids and cracks
were observed within the EA913 NA adhesive. There were no signs of flow

between the cowl and flex boot.

The axial bondline between the cowl and OBR showed cohesive and adhesive

separations around the circumference, but showed no signs of flow. It is
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believed that the separations in the axial bondline resulted from post-burn

heat soak and cooldown liner shrinkage.

Table 4.11 presents the STS-27B cowl/outer boot ring char and erosion data
and performance margins of safety. The margins of safety in this table
were based on measured erosion, corresponding measured char adjusted to the
end of action time, and RSRM minimum liner thicknesses. Figure 4.40 shows
the locations of the measurement stations on the cowl and outer boot ring.
All margins of safety were positive with a worst case of 0.24 at Station 12

(140 degrees).

The cavity side of the flex boot showed no evidence of flow or erosion. It
was uniformly sooted and charred (see Figure 4.105) and appeared typical of
previous flight and static test nozzles. A minimum of 3.6 NBR plies
remained around the flex boot circumference following the flight (see
Figures 4.101 through 4.104). Figure 4.106 presents the flex boot material
affected depth per circumferential location, along with the performance
margins of safety. The worst-case performance margin of safety was 0.39

and occurred at 320 degrees.
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STS-27B Fixed Housing Assembly

Overall views of the STS-27B fixed housing assembly are shown in Figures

4.67 through 4.70

The fixed housing insulation erosion was smooth and uniform. Post-burn
wedgeouts of charred CCP material were observed on the forward 2.0 inches
intermittently around the circumference (see Figure 4.107). The maximum
radial depth was 0.4 inch. One wedgeout from 145 to 162 degrees contained
slag. Sectioning the liner at this location showed that the char line did
not follow the contour of the wedgeout, indicating a post-burn occurrence.

There was no heat effect to the GCP insulator observed.

There were no bondline separations observed on the forward or aft ends of

the fixed housing assembly.

Sectioned views of the fixed housing liner and insulator are shown in
Figures 4.108 and 4.109. Sectioning of the 1liner revealed CCP-to-GCP
separations occurring intermittently along the length and around the
circumference. Separations within the GCP insulator were also observed.
These separations are typical observations and resulted from post-burn heat
soak and cooldown 1liner shrinkage, and/or from washout and sectioning
operations. Sectioning also revealed surface delaminations extending into
virgin CCP material. There was no evidence of heat effect within the

virgin material.
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Table 4.12 presents the STS-27B fixed housing insulation char and erosion
data and performance margins of safety. The margins of safety in this
table were based on measured erosion, corresponding measured char adjusted
to the end of action time, and RSRM minimum liner thicknesses. Figure 4.45
shows the 1locations of the measurement stations on the fixed housing
insulation. All margins of safety were positive with a worst case of 0.55

at Station 11 (180 degrees).

The alignment pin (spring pin) at 91.8 degrees on the forward face of the
fixed housing aft flange exhibited an axial crack 0.008 inch wide along the
entire length of the pin. This observation is discussed further in Section

6.2 of this report.

STS-27B Bearing Protector

The bearing protector was sooted along the entire length and circumference
(see Figures 4.110 and 4.111). Heavier soot and erosion were observed in
line with the cowl ring vent holes at the thickened portion of the bearing
protector. Erosion depths at these locations are presented in Figure 4.112
There was no evidence of heat effect on the ID surface of the bearing

protector.

REVISION pocno. TWR-17541-5 J VoL
- SEC T PAGE
38




W CORPORATION

SPACE OPERATIONS

STS-27B Flex Bearing

The STS-27B flex bearing was previously used on the SRM-10A and -19A
flights. Overall flex bearing performance during the flight was
acceptable. The bearing showed no damage and no indications of exposure to
heating. The post-flight bearing passed acceptance testing. Post-flight
measurements showed an increase in Pad #2 unbond area. The increase,
however, was attributed to more thorough inspection techniques. The

significant unbond area of Pad #2 did not increase.

During post-flight inspection, six indentations were noticed on the flex
bearing pads #7 and #8 (see Figure 4.113). The locations and sizes of the
indentations are summarized in Table 4.13. It was initially believed that
the indentations might have resulted from hot gas impingement through the
cowl vent holes. Closer inspection, however, showed that the Chemlock
coating on the rubber had not been heat affected. In addition, the bearing
protector did not burn through. The flex bearing rubber pad surfaces were
wviped, and an analysis was conducted on the samples taken. No indications
of flow were found. The indentations are believed to have resulted from
the rubber taking on a perminent set while an object or objects
inadvertently rested on the bearing assembly. It should be noted that the
indentations do meet the acceptable surface defect criteria specified in
STW3-3497A paragraph 3.2.2.6.1, and that the flex bearing assembly is an

acceptable part.
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The bearing aft end ring showed major paint scratches occurring from 25 to
0 to 235 degrees, due to snubber impact during splashdown. Impact of the
snubber retainer bolts also left paint scratch marks on the aft end ring
(see Figure 4.84). The remainder of the bearing aft end ring
circumference showed minor paint scratches indicating slight contact with

the snubbers.

4.2.2 STS-27B Nozzle Joints

Descriptions of the five STS-27B nozzle joints follows. The joint flow
surface gap openings between each nozzle subassembly are summarized in
Figure 4.66. All gaps were typical of previous static test and flight

nozzles.

STS-27B Aft Exit Cone-to-Forward Exit Cone (Joint No. 1)

A cross-sectioned view of the STS-27B aft exit cone/forward exit cone field
joint 1is presented in Figure 4.114. Photographs of the post-flight joint

are shown in Figures 4.115 and 4.116.

The backfilled RTV extended below the joint char line 360 degrees
circumferentially, except possibly at 295 degrees. The RTV did not extend
to the axial portion of the bondline at this location. The CCP liner was

missing from the forward and aft exit cones at 295 degrees, making it

REVISION pocno. TWR-17541-5 [ voL

SEC [ PAGE

40



7 W CORPORATION

SPACE OPERATIONS

impossible to determine if the RTV extended below the char line. Pressure
may have reached the primary O-ring at this location, but there was no
evidence of primary O-ring blowby, erosion or heat effect. RTV reached the
high pressure side of the primary O-ring groove from O to 30, 48.75 to
67.5, 82, 88, 90 to 92, 99 to 104, 118 to 126, 130 to 132, 135 to 236, 238
to 275 and 310 to O degrees. One unfilled void area located on the radial
ID and axial portions of the bondline was observed at 237 degrees. There

was no blowpath extending to the unfilled void area.

Examination of the joint showed black and white corrosion appearing between
the primary and secondary O-rings, and outboard of the secondary O-ring
intermittently around the circumference. The black corrosion is the
beginning stage of the aluminum oxide. The corrosion was less than that
observed on the STS-26 (LH) and (RH) joints. There was no pitting
observed. A white colored residue was observed on the high pressure side
of the primary O-ring groove intermittently around the circumference (see
Figure 4.117). It is believed that the residue is grease mixed with sea

water.

A white rubbery substance was observed on the aft end of the forward exit
cone on the EA946 adhesive bondline, intermittently around the
circumference similar to that observed on the (LH) forward exit cone. The
substance was flexible when stretched and adhered to the aft surface. Lab
analysis showed the substance to be tape adhesive. This observation is

discussed further in Section 6.1 of this report.
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Removal of the aft exit cone field joint bolts showed some bent bolts and
damaged bolt threads. Approximately 12 bolts removed from the O to 90
degrees quadrant were bent (see Figure 4.118). A preliminary visual
examination of the helicoils in the aft exit cone shell forward end
revealed no visible damage. There was also no visible damage observed in
the forward exit cone housing aft end through holes. Closer inspection

information will be gathered during Clearfield H-7 refurbishment.

The aft exit cone shell forward face showed metal scratches intermittently
around the circumference in line with the bolt holes (0.001 maximum axial
depth). A metal ding on the OD corner of the secondary O-ring groove (0.08
inch circumferentially by 0.08 inch radially by 0.005 inch axially), and a
scuff mark outboard of the secondary O-ring groove (0.12 inch
circumferentially by 0.10 inch radially by 0.001 inch axially) were
observed at 5 degrees. The scratches, ding and scuff mark occurred during
disassembly. The 45- and 135-degree actuator brackets showed only minor
paint chipping and scratching due to disassembly operations. The

compliance ring showed no damage.

The forward exit cone housing aft flange 91.8-degree locator pin hole
showed no visible damage caused by the alignment pin during aft exit cone

demate.
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STS-27B Nose Inlet-to-Bearing Forward End Ring-to-Cowl (Joint No. 2)

A cross-sectioned view of the STS-27B nose inlet/forward end ring/cowl
joint 1is presented in Figure 4.119. Photographs of the post-flight joint

are shown in Figures 4.120 through 4.123.

The RTV extended below the joint char line and filled the radial OD portion
of the joint 360 degrees circumferentially. RTV extended to the nose inlet
housing intermittently around the circumference. No RTV extended to the
primary O-ring. The radial bondline between the nose cap and cowl showed
RTV  mixed with the EA913 NA adhesive intermittently around the
circumference. The adhesive, which extruded from the cowl housing
bondline, was typically sandwiched between two layers of RTV. There were
no distinct blow paths in the joint, although soot was observed on the
bondline radial OD intermittently around the circumference. The lack of
adhesion between the RTV and adhesive allowed soot to enter the joint.
Soot extended to the joint axial bolt holes intermittently around the
circumference. Soot was also observed to the primary O-ring groove at
three 1locations, but it is believed that water entering the joint at
disassembly caused this. Light soot was also observed between the cowl
ring and the bearing forward end ring. The primary O-ring saw pressure,

but showed no signs of blow by, erosion or heat effect.
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Paint on the bearing forward end ring OD flange surface was chipped off in
various spots, but was not heat affected. Minor rust spots were noted in
areas where the paint was chipped off. White corrosion was observed on the
cowl housing flange forward end, ID surface and aft end. There was no
pitting observed. Minor corrosion was also noted along the cowl housing
axial 1ID surface in line with the bearing protector forward end ring. The
nose inlet housing aft end and the bearing forward end ring flange forward

and aft ends showed no corrosion.

Minor paint and metal scratches, due to cowl segment removal, were observed
on the inside surfaces of the cowl housing. Minor scratches, due to
disassembly jacking screws, were also observed on the nose inlet housing
aft end. Burnish marks were observed on the nose inlet housing secondary
O-ring sealing surface in 1line with the axial bolt holes of the joint.
The marks resulted from the bearing forward end ring rubbing the sealing
surface during disassembly. Further inspection during refurbishment is

required to determine if the sealing surface was damaged.

STS-27B Nose Inlet-to-Throat (Joint No. 3)

A cross-sectioned view of the STS-27B nose inlet/throat joint is presented
in Figure 4.124. Photographs of the post-flight joint are shown in Figures

4.125 through 4.126.
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The RTV backfill extended below the joint char line and completely filled
the radial ID portion of the joint 360 degrees circumferentially. RTV
also extended onto the radial OD portion of the bondline from 270 to 300
degrees, but did not reach the primary O-ring groove. There were no
distinct blow paths in the joint. Soot however was observed within the RTV
and within the unfilled area between the RTV and housing bondlines from 120
to 210 degrees. Pressure entered the joint by way of a cohesive separation
within the RTV over this degree arc. The GCP insulators at the joint
interface showed no heat effect. The primary O-ring saw pressure but

showed no evidence of blow by, erosion or heat effect.

Minor surface corrosion was observed on the aft (-504) end of the nose
inlet housing inboard of the primary O-ring, but no pitting was observed.
The forward end of the throat housing also showed minor corrosion inboard

of the primary O-ring.

STS-27B Throat-to-Forward Exit Cone (Joint No. 4)

A cross-sectioned view of the STS-27B throat/forward exit cone joint is
presented in Figure 4.127. Photographs of the post-flight joint are shown

in Figures 4.128 and 4.129.
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The RTV backfill extended below the joint char line and completely filled
the radial ID and axial portions of the joint 360 degrees
circumferentially. RTV reached the high pressure side of the primary
0-ring groove at 15, 40 to 70, 85, 95 to 100, 150 to 180, 195 to 280, 292
to 330 and 335 degrees. There were no blow paths or excess grease observed
in the joint. The primary O-ring did not see pressure. The GCP insulators

in the joint also showed no signs of heat effect.

Rust corrosion was observed on the throat housing aft end inboard of the
primary O-ring (high  pressure side) intermittently around the
circumference. There was no corrosion observed on the forward exit cone

forward end.

STS-27B Fixed Housing-to-Bearing Aft End Ring (Joint No. 5)

A cross-sectioned view of the STS-27B aft exit cone/forward exit cone field
joint 1is presented in Figure 4.130. Photographs of the post-flight joint

are shown in Figures 4.131 and 4.132.

RTV filled all of the radial portion and approximately 12 percent of the
axial portion of the joint bondline. RTV did not reach the high pressure
side of the primary O-ring groove. There were no blow paths observed in
the joint and the primary O-ring did not see pressure. Small voids
isolated within the RTV on the radial portion of the joint bondline were

observed intermittently around the circumference (see Figure 4.133).
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Rust corrosion was found on the bearing aft end ring inboard of the
secondary O-ring groove (low pressure side) intermittently around the

circumference. Minor pitting was observed.

4.3 Thermal/Structural Instrumentation

Strain and temperature data were measured to verify the nozzle structural
integrity during flight. Measuring strain and temperature data provide a
valid oppurtunity to measure nozzle response under flight loads. Due to
the severe environment on phenolic nozzle components during flight, strain

and temperature data is currently being gathered on the cool side metal

parts.

Instrumentation included 18 biaxial strain gages and 13 thermocouples on
each nozzle. Table 4.14 1lists all nozzle instrumentation gage numbers,
gage types, general locations, and stations. All gages located at the same
axial location are assigned a location number. These numbers represent the
same locations specified on previous static motor tests. Missing location
numbers imply that there were no gages installed at those locations.
Figure 4.134 shows the locations of the strain gages. The locations of the

thermocouples are shown on Figure 4.135.
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The structural integrity of the nozzle was verified in that the
instrumentation data demonstrated positive margins of safety at all
locations measured. In general, all strain gage data correlated very well
with the predicted strains from analysis models as well as data obtained
from static test motors. Nozzle strains tended to be low (less than 2000

microinch/inch), and hoop strains followed the pressure trace.

Measured strain results were compared with a course grid TASS Finite
Element model. Figures 4.136 through 4.173 show the correlation between
each strain gage and the predicted strain at each location. Figures 4.174
through 4.182 show the thermocouple readings for each location.
Temperatures tended to be constant throughout the flight and remained in an

acceptable range.
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5.0 DISCREPANCY REPORTS AND PROCESS DEPARTURES

The STS-27 discrepancy reports (DRs) and process departures (PDs) reviewed
by the Morton Thiokol senior material review board (MRB) are summarized in
Appendix A. These DRs and PDs were presented in the STS-27 Redesigned
Solid Rocket Motor Acceptance Review Level III (TWR-18533 Rev A).

Performance of the discrepant areas is discussed below.

5.1 STS-27A (Left-Hand) Nozzle

DR 172753-01, -02 and -03 were written against out of tolerance bondgaps
between the nose cap and cowl ring. Post-flight inspections of the
nose/bearing forward end ring/cowl Joint No. 2 revealed no anomalies (see

Section 4.1.2).

DR 153750-01 concerned a Low Density Indication (LDI) within the aft exit
cone GCP insulator from 51 to 54 degrees. The LDI was located
approximately 5.6 inches aft of the forward end of the cone. Performance
of the aft exit cone was nominal. Post-flight inspection showed that the
GCP insulator inner plies were torn off at splashdown. The LDI could not

be examined as a result.

5.2 STS-27B (Right-Hand) Nozzle

DR 127756-01 concerned the STS-27B flex bearing Pad #2 exceeding allowable

unbond area. The flex bearing performed as expected during the flight and
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showed no external signs of damage after disassembly. Post-flight
measurements showed an increase in Pad #2 unbond area. The increase,

however, was attributed to more thorough inspection techniques. The

significant unbond area of Pad #2 did not increase.

DR 162641-01 and -02 were written against an LDI located in the fixed
housing GCP insulator aft end at 210 degrees. Post-flight inspection
following nozzle-to-case joint disassembly showed no separations on the aft
end of the fixed housing insulator, at the LDI location. Sectioning showed
delaminations in the area of the LDI. It is believed that the

delaminations resulted from post-burn washout and sectioning operations.

DR 152184-01 was written against approximately 30 LDIs located at the
throat ring CCP/GCP interface, intermittently around the circumference.
The LDIs extended from the aft end of the part to 4.72 inches aft of the
ring forward end. Post-flight sectioning of the throat ring revealed no

separations between the CCP liner and the GCP insulator.

DR 153702-01 concerned approximately 139 LDIs located at the aft exit cone
CCP/GCP interface, aft of the compliance ring. Videos showed that the aft
exit cone performed nominally. Severance of the exit cone aft of the

compliance ring prevented post-flight inspection of the LDIs.
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6.0 NOZZLE COMPONENT PROGRAM TEAM RECOMMENDATIONS AND RPRB ASSESSMENT

The NCPT reviewed all observations documented in this report. The team
initially «classified eight observations as potential anomalies. Three of
the potential anomalies were reduced to observations, and five were
elevated to minor anomalies. The NCPT presented the recommendations to the
RPRB on January 25, March 8, and April 5, 1989 (see Appendix B). The five
minor anomalies were accepted by the RPRB. Descriptions of the anomalies

and specific actions assigned are discussed below.

6.1 STS-27A (Left-Hand) Nozzle

The first minor anomaly was a white rubbery substance that was observed on
the forward exit cone EA946 adhesive bondline aft end. The white rubbery
substance was observed intermittently around the circumference on both the
right-hand and left-hand nozzles. Lab analysis showed the substance to be
tape adhesive. MTI Wasatch places tape on the forward exit cone phenolics
aft end to protect the phenolics from grease. KSC receives the aft
segment/nozzle assembly with the tape on the forward exit cone. The KSC
OMI has an inspection step requiring personnel to remove the tape, clean
and inspect the forward exit cone aft phenolic and metal surfaces. The
NCPT <classified this as a minor anomaly because it was significant
departure from our data base, and it requires corrective action but has no

impact on motor performance or program schedule. The tape adhesive does
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not interfere with the primary O-ring seal. The NCPT recommended that the
KSC LSS office review assembly inspections and procedures and make changes
to prevent recurrence. The RPRB agreed with the recommended classification

and corrective action.

6.2 STS-27B (Right-Hand) Nozzle

The second minor anomaly was a metal ding on the OD corner of the secondary
O-ring groove of the STS-27B aft exit cone shell. The ding was located at
5 degrees and measured 0.080 inch circumferentially by 0.005 inch axially
by 0.080 inch radially. The metal ding occurred during transportation to
the hanger floor or during break over. The NCPT classified this as a minor
anomaly because it requires corrective action, but has no impact on motor
performance or program schedule. Additional justification was that
disassembly operations could cause damage preventing reuse of hardware if
the damage occurred on the sealing surface of the O0-ring. The NCPT
recommended that KSC SPC personnel review disassembly procedures and make
changes to prevent recurrence. The RPRB agreed with the recommended

classification and corrective action.

The third minor anomaly concerned bent bolts observed in the STS-27B
(right-hand) aft exit cone field joint in the 0-to-90-degree quadrant due
to high splashdown loads. The aft exit cone shell and the forward exit

cone housing showed no visible damage. The NCPT recommended classifying
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the bent bolts as a minor anomaly because they are a significant departure
from our data base. The NCPT recommended reviewing instrumentation data to
verify the damage occurred at splashdown, analyzing the bent bolts to see
if properties meet MTI specifications, reviewing vendor certifications on
the bolts to see if the vendor met MTI specifications, and adding bent
bolts to the KSC Nozzle PEEL Document (TWR-18680 Vol 5) as a "reportable"
condition. The RPRB agreed with the recommended actions, but decided to
wait on the classification of the anomaly wuntil refurbishment data was
obtained on the forward and aft exit cone hardware. This anomaly was
represented at the STS-29 RPRB meeting (5 April, 1989) when the
refurbishment data was available. The forward and aft exit cone hardware
showed no damage, and the RPRB then agreed with the minor anomaly

classification.

The fourth minor anomaly was a cracked alignment pin observed on the
STS-27B (right-hand) fixed housing aft end (91.8 degrees). The crack
extended the length of the pin. The NCPT initially recommended classifying
the cracked pin as an observation based on the justification that this is
not a flight safety or hardware reuse issue. Recommended corrective
actions were to continue inspecting for future occurrences, add limits to
the KSC Nozzle PEEL Document (TWR-18680 Vol 5) if observations continue,
and add an inspection point to planning to inspect the alignment pin after
being installed in the fixed housing. The RPRB agreed with these and

assigned an additional action to have Metallurgy examine the cracked pin,
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and to report back before classifying this as an observation. The NCPT
represented this anomaly in the STS-29 RPRB meeting (5 April, 1989) as a
minor anomaly based on the justification that it was a departure from our
data base and it is not a hardware reuse issue. The NCPT recommended an
additional action to add an inspection point in existing planning to
inspect the alignment pin during nozzle/case joint assembly. The pin
should be inspected for possible contact with the aft dome and fracture.
The RPRB stated that this inspection point shall clearly define what
procedures would be followed if alignment pin fracturing was observed
during assembly. Also, the NCPT recommended incorporating accept/reject
limits into the KSC Nozzle PEEL Document (TWR-18680 Vol 5) as a result of
this being observed again on the STS-29A nozzle. The RPRB accepted the

minor anomaly classification and the additional actions.

The fifth minor anomaly was sheared off snubber retainer bolt heads (13
total) on the STS-27B nozzle. The bolts were sheared off during bearing
aft end ring impact at splashdown. The bearing aft end ring showed no
metal damage, only paint scratches. The forward exit cone housing showed
no visible damage following removal of the sheared bolts and snubber
retainers. This had not been observed on an RSRM nozzle to date. STS-1
and 2 nozzles showed similar damage occurring at splashdown. The NCPT
recommended classifying this as a minor anomaly if there was no bearing

damage. The justification used was that the sheared bolts were a departure

from our RSRM data base. The NCPT recommended inspecting for future
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occurrences and adding accept/reject limits to the Nozzle KSC PEFI Document
(TWR-18680 Vol 5) if observations continue. The RPRB accepted the NCPT
recommendations. Post-flight bearing acceptance testing showed no damage.

This was therefore classified as minor anomaly.

During the STS-27B (right-hand) aft exit cone field joint inspection, a
NASA inspector felt that the backfill condition was anomalous. The
initiated squawk was signed in non-concurrence by both MTI and NASA
engineers. The RTV backfill did not extend to the primary O-ring groove
360 degrees circumferentially. There was no blowby, erosion or heat effect
observed to the primary O-ring. The RTV backfill depth observed on the
STS-27B aft exit cone field joint was typical of past flight and static
test nozzle joints. The NCPT recommended classifying this as an
observation based on the justification that this was not a flight issue.
The design goal of the nozzle joint RTV backfills is to fill below the
joint char line. The STS-27B aft exit cone field joint showed RTV filling
below the joint char 1line 360 degrees circumferentially. The NCPT
recommended adding RTV accept/reject limits to the Nozzle KSC PEEL Document
(TWR-18680 Vol 5). The RPRB agreed with the recommended observation

classification and action.
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Figure 1 STS-27 Nozzle Components
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Figure 4.1 STS-27A Joint Flow Surface Gap Openings
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Figure 4.2 STS-27A Nozzle Overall View (90 degrees)
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Figure 4.3 STS-27A Nozzle Overall View (90-180 degrees)
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Figure 4.4 STS-27A Nozzle Overall View (270 degrees)
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Figure 4.6 STS-27A Nozzle Overall View
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Figure 4.7 STS-27A Aft Exit Cone
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Figure 4.8 STS-27A Aft Exit Cone
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Figure 4.9 STS-27A Polysulfide Groove Fill Post-Flight Radial
Width Measurements
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Figure 4.10 STS-27A Polysulfide Condition
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Figure 4.11 STS-27A Aft Exit Cone Forwad End Phenolic Separations
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Figure 4.14 STS-27A Forward Exit Cone Separations
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Figure 4.16 .STS-27A Throat Assembly Separations
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MORTON THIOKOL. INC.

Space Operations

Nose Inlet
Assembly

CcCP
-504 Ring

No Sesparations

ccp

EA 946

Nose Cap

—

Nose Cap Aft End
Location Radial Bondline Separation

(deg) Separation (in.) Type*
30 0.002 1

90 0.005 2

105 0.005 2

195 0.002 2

315 0.005 2

330 0.005 2

345 0.005 2

* Type 2 = Adhesive-to-GCP
Type 1 = Metal-to-Adhesive

A018693a

Figure 4.23 STS-27A Nose Inlet Assembly Separations

REVISION

Separations at
Adhesive-to-Housing,
and Adhesive-
to-GCP
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Figure 4.24 STS-27A -503/-504 Ring Sectioned View (90 degrees)
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Figure 4.25 STS-27A -503/-504 Ring Sectioned View (180 degrees)
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Figure 4.26 STS-27A Nose Cap Sectioned View (90 degrees)



7W CORPORATION

SPACE OPERATIONS

Table 4.3

STS—-27A Nose Inlet Rings (-503, -504) Erosion and Char Data

Angular Location Stations
28 30 32 34 36 38 39

0 degrees

Measured Erosion 1.20 0.98 0.90 0.88 0.90 0.97 0.99

Measured Char 0.73 0.65 0.65 0.57 0.60 0:65 0.67

Adjusted Char* 0.55 0.49 0.49 0.43 0.45 0.49 0.50

2E + 1.25AcC 3.08 2.57 2.41 2:29 2.36 2:55 2.61

RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200 3.026 3.000
Margin of Safety 0.14 0.27 0.22 0.39 0.35 0.19 0.15

90 degrees

Measured Erosion 1.09 0.86 0.89 0.84 0.90 0.97 0.94

Measured Char 0.76 0.66 0.60 0.60 0.58 0.60 0.65

Adjusted Char* 0.57 0.50 0.45 0.45 0.44 0.45 0.49

2E + 1.25AcC 2.89 2.34 2.34 2.24 2.34 2.50 2.49

RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200 3.026 3.000
Margin of Safety 0.21 0.39 0.26 0.42 0.37 0.21 0.21

180 degrees

Measured Erosion 1.05 0.82 0.85 0.83 0.87 0.94 0.92

Measured Char 0.70 0.80 0.68 0.61 0.57 0:55 0.60

Adjusted Char* 0.53 0.60 0.51 0.46 0.43 0.41 0.45

2E + 1.25AcC 2.76 2.39 2.34 2.23 2.27 2.40 2.40

RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200 3.026 3.000
Margin of Safety 0.27 0.36 0.26 0.43 0.41 0.26 0.25

270 degrees

Measured Erosion 1.13 0.91 0.87 0.89 0.92 0.97 0.98

Measured Char 0.64 0.68 0.63 0.59 0.61 0.60 0.60

Adjusted Char* 0.48 0.51 0.47 0.44 0.46 0.45 0.45

2E + 1.25AC 2.86 2.46 2.33 2.33 2.41 2.50 2.52

RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200 3.026 3.000
Margin of Safety 0.23 0.32 0.27 0.36 0.33 0.21 0.19

15 degrees

Measured Erosion 1.20 0.98 0.90 0.90 0.91 0.98 0.97

Measured Char 0.72 0.70 0.65 0.59 0.64 8.57 0.67

Adjusted Char* 0.54 0.53 0.49 0.44 0.48 0.43 0.50

2E + 1.25AC 3.08 2.62 2.41 2.35 2.42 2.49 2.57

RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200 3.026 3.000
Margin of Safety 0.14 0.24 0.22 0.35 U.32 0.21 0.17

® Measured Char Adjusted to end of action time

minimum liner thickness
Margin of Safety = ———--ocmmmmmmmm -1
2 X erosion + 1.25 X adj char*
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Figure 4.30 STS-27A Cowl/OBR (180 degrees)
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Figure 4.32 STS-27A Cowl Ring Aft End Post-Burn Wedgeout (290 degrees)
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Figure 4.34 STS-27A Cowl Ring Sectioned View (180 degrees)
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- STS-27A Flex Boot
| Maximum Material-Affected Depth
 E
£ — -0 - o o
o 1.10}
o
a -

0 45 90

Location

(deq)

0
45
90

135
160
225
260
300

PMS = Minimum Design Thickness

Figure 4.41

REVISION

135 180 225 270 315 360
Location (deg) R
Maximum Performance
Remaining Material- Margin

Plies Affected Depth of Safety

4.0 1.08 0.54

4.0 1.08 0.54

3.9 1.11 0.50

3.9 1.11 0.50

3.9 1.11 0.50

3.9 1.1 0.50

3.9 1.1 0.50

3.8 1.14 0.46

-1

1.5 (Maximum Material-Affected Depth)

STS-27A Flex Boot Performance
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Figure 4.43 STS-27A Fixed Housing Insul. Sectioned View (90 degrees)
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0.100
0.095 |-
0.090
0.085
0.080
0.075
0.070
0.065
0.060|
0.055
0.050 |-
0.045 |-
0.040 |-
0.035 |-
0.030 |-
0.025 |-
0.020 |~
0.015 |~
0.010 |-
0.005 |~

Inches

0.000

0 50 100 150 200
Degrees

250 300

Circumferential Erosion (in.)*
Location (deg) MLLHELMUULQQMQA&HuJiM£§

0 0.058
10 0.059
20 0.060
30 0.075
40 0.090
50 0.091
60 0.051
70 0.048
80 0.044
90 0.038

100 0.039
110 0.025
120 0.053
130 0.079
140 0.083
150 0.075
160 0.088
170 0.078
180 0.070
190 0.053
200 0.040
210 0.040
220 0.035
230 0.037
240 0.047
250 0.040
260 0.042
270 0.046
280 0.030
290 0.030
300 0.028
310 0.038
320 0.054
330 0.055
340 0.053
350 0.082

350

A022260a-2

Figure 4.48 STS-27A Maximum Bearing Protector Erosion in Line with

Cowl Vent Holes
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Carbon
Cloth
Phenolic RTV Below Char Line 360-deg
Circumferentially. There Were No
Blowpaths Observed Within the

Joint

Char Line

Fwd Exit Cone

Assembly Carbon Cloth Phenolic
~

Completely Missing

Polysulfide
Groove Fill

Aft Exit Cone
Assembly

Glass

Cloth Primary

Phenolic— O-ring
Did Not
See

Pressure

RTV Reached High
Pressure Side of et
Primary O-ring Groove

From 56 to 120, 123 to Mi Glass
131, 153 to 309, and inor Cloth A0186912-5
330 to 348 deg Corrosion Phenolic
on Metal
Surfaces Aluminum

Figure 4.49 STS-27A Forward Exit Cone-to-Aft Exit Cone Interface
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Primary O-ring
Saw Pressure, but
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of Blowby, Erosion
or Heat Effect
Soot Steel
Nose Housing = Soot Precast Cowl
(aluminum) Segment
( ] ]
Carbon Cloth Glass-Cloth
Phenolic Phenolic Silica-Cloth
— —~ _Radial ID Phenolic
~~
el :
— — Al
Char Radial OD ’ Catton: Lloth
Line S
~—~
~~
EA913 NA Adhesive
GCP Charred —
~0.002-in. A024861a
DeepDat 322 Char Line
- €g L — Soot Entered Joint
sowpat Intermittently Around
Location Circumference Between
RTV And Adhesive.
Distrinct Blowpaths Were
Observed at 29, 289,
296, and 348 Degrees
Figure 4.52. STS-27A Nose Inlet Housing/Flex Bearing Joint
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Figure 4.60 STS-27A Throat-to-Forward Exit Cone Joint
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Figure 4.63 STS-27A Flex Bearing/Fixed Housing Joint
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Figure 4.66 STS-27B Joint Flow Surface Gap Openings
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Figure 4.68 STS-27B Nozzle Overall View (90 degrees)
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Figure 4.69 STS-27B Nozzle Overall View (180 degrees)
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Figure 4.70 STS-27B Nozzle Overall View (270 degrees)
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Figure 4.71 STS-27B Nozzle Internal View (0-180 degrees)
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Figure 4.72 STS-27B Nozzle Internal View (180-360 degrees)
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Figufe 4.73 STS—Z?B'Nozzle Overall View
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Figure 4.75 STS-27B Aft Exit Cone Fragment
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Figure 4.76 STS-27B Aft Exit Cone Fragment

poc
NO. TWR-17541-5

SEC

VoL

PAGE

142




MORTON THIOKOL. INC.

Aerospace Group

Space Operations

REVISION

FORM TC 7994-310 (REV 2-88)

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Figure 4.77 STS-27B Aft Exit Cone EA946 Adhesive Void (250 degrees)
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