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ABSTRACT

This report contains the prelaunch functioning data of the Joint Protection
Systems (JPS) used on STS-30. Also included is the post-flight condition of
the JPS components following the launch and recovery of the two RSRM
boosters. The JPS components are:

1. Field Joint Heaters

2. Field Joint Sensors

3. Field Joint Moisture Seal

4. Moisture Seal Kevlar Retaining Straps

5. Field Joint External Insulation

6. Vent Valve

7. Power Cables

8. Igniter Heater
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1.0 INTRODUCTION

Space Transportation System (STS-30) was launched from KSC on 4 May 1989.
Two of the Redesigned Solid Rocket Motors (RSRM) were part of the launch
system and are designated by RSRM-4A and RSRM-4B. The three field joints
of both motors (total of six field joints) were protected by the Joint
Protection Systems (JPS) (see Figure 1). The igniter heater was mounted on
the igniter flange (see Figure 2). Figure 3 identifies the RSRM case
configuration. The field joint heaters were turned on at L-8 hours and the
igniter heater at L-24 hours to assure the joint 0-ring and igniter seal
temperatures were within the launch commit temperatures at the time of RSRM
ignition. The purpose of the moisture seal is to prevent entry of rain
into the joint while on the pad. The cork insulation brovides thermal

protection for the JPS during flight.

Following booster separation and splashdown, the motors wvere recovered and
taken to hanger AF for inspection and disassembly. This inspection was
performed per Post-Flight Engineering and Evaluation Plan (PEEP) TWR-16475,
Vol. VII which outlines the basic evaluations to be performed at KSC Hanger

AF.

2.0 OBJECTIVES

The objective of this report is to document the performance of the JPS and

igniter heaters on the pad and the post-flight condition of the JPS

TWR-17543
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components. This document will -also discuss all observations vhich were

written up as Squawks and/or Problem Reports (PRs).

The following objectives of TWR-19071, Morton Thiokol, Inc. Engineering
Requirements Document for RSRM Typical Flight, are addressed in this

report: (Numbers in parenthesis identify CEI specification paragraphs).

J. Certify the performance of the field joint heater and sensor
assembly so that it maintains the case field joint at 75 °F minimum.
Field joints shall not exceed 130 °F (3.2.1.11.a).

K. Certify that each field joint heater assembly meets all performance
requirements (3.2.1.11.1.2).

3.0 CONCLUSIONS AND RECOMMENDATIONS
The JPS heaters performed per specification and maintained the field joint
temperatures within the required temperature range at the time of motor

ignition (3.2.1.11.a).

The LH Forward Field Joint Secondary Heater failed Dielectric Withstanding
Voltage (DWV) test during the joint closeout prior to launch. This heater
vas not used since the primary heater functioned properly and maintained
the required temperature. Post-test inspection revealed that pin A of the

heater power cable was shorted to the connector shell.

Design changes have been implemented to resolve the heater power cable

problem.

TWR-17543
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All field joint heater assemblies met all of the performance requirements

(3.2.1.11.1.2).

4.0 RESULTS/DISCUSSIONS

4.1 Heater Control System

The KSC field joint heater temperature control system operated vith a
control band of 2 °F (set point temperature +/- 1 degree). Temperature
expansions outside of this range were apparently the result of noise in the
data system. The four temperature sensors at each field joint were
continuously monitored and the coldest sensor was automatically selected
for temperature control. The igniter control system operated vithin a
control band of & 5 °F. Both systems maintained the joint temperature

within the required limits.

4.2 Post-Flight Inspection of the Joint Protection System

Evaluations of the JPS indicated the system performed as designed during

flight.

4,2.1 Moisture Seal

A test of the vent valves on the STS-30 was conducted in the VAB after

assembly which verified that all vent valves were closed. This confirms
TWR-17543
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that the vent valves would not become a source of entry of rain water into

the field joint while on the pad.

4.2.2 Cork External Insulation

All of the cork and ablative compound on the field joints was intact.
Occasional pitting of the cork and paint wvas observed on those aft surfaces
of cork that were exposed to nozzle severance and splashdown debris. Areas

of darkened paint accompanied with blisters vere also observed.

A crack in the extruded cork was found during open assessment on the
right-hand forwvard field joint (see Figure 4). The exposed length ran 4.0
inches. The crack was approximately twice that size 1in the cork, but was
bridged over with Hypalon paint. Dissection revealed a void under the
crack running 5.0 inches circumferentially by 1.8 inches axially by 0.3 to
0.4 inch deep radially (see Figure 5). The void coincided with a carved

out area in the cork at the 30-degree trunnion location.

Tables 1 through 7 are the post-test evaluation checkoff worksheets for the

cork external insulation on the six field joints.

The aft and center field joints on the left-hand motor were dissected to

assess the bond quality of the leading edge. The aft field joint had three

TWR-17543
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significant voids with areas of 15, 60* and 58* in.2. The center field
joint had seven significant voids with areas of 34%, 11, 22%, 5%, 7, 4 and
14% in.z. A typical area (34 in.2 intermittently) is shown in Figure 6.

Tables 8 through 10 further document these voids.

The aft and center field joints on the left-hand motor were dissected to
assess the bond quality between the extruded cork and the EPDM moisture
seal/Kevlar straps. As seen in the past, large areas of void/unbond were
seen between the Kevlar straps and the cork, especially on the forward
straps. This appears to be the result of entrapped air forming a large,
nearly full circumference void, between the Kevlar strap and the extruded
cork. Other voids were also documented. Tables 11 through 25 document the

status of the vent holes which were drilled in the cork.

4.2.3 Heaters and Sensors

The heaters and sensors functioned normally and maintained the specified

joint temperatures.

The heaters and the sensor assemblies were not available for inspection
except as shredded pieces after removal by water laser. The pieces

examined showed no signs of overheating, discoloration, or delamination.

*intermittent voids
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Figures 7 through 9 are plots of the temperature of the four RTDs of each
of the three field joints of the left SRM and Figures 10 through 12 are
plots of the RTDs of the right SRM. The ambient temperature air is
overlaid on the temperature plots. TWR 17543 provides an explanation for

some of the observed temperature exursions.

The post-flight inspection of the left-hand secondary heater system
isolated the problem to the cable. The conductor on pin A was shorted to
the connector back shell. This section of cable was sent to the
Malfunction Analysis Branch (MAB) wvhere an investigation has been

completed. The investigation report, MAB104, is attached as Appendix A.
4.2.4 Heater Power and Sensor Cables

All of the cables of the JPS5 system were embedded in K5NA. The K35NA was
visually inspected and found to have survived the flight in excellent
condition. There was no evidence of voids or missing material, debonds,
charred material, or impact damage. Tables 26 and 27 are the post-test

evaluation worksheets for the heater cables.
4.2.5 Igniter Heater

The igniter heater jnstallation on each motor was intact and secure.
Figures 13 and 14 are the plots of the temperature at the igniter adapter.
Table 28 1is the evaluation checkoff worksheet for the igniter heater
installation. Table 29 1is the evaluation checkoff worksheet for the

igniter heater components.

TWR-17543
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NASA
DIRECTOR OF ENGINEERING DEVELOPMENT
DIRECTOR, MECHANICAL ENGINEERING
MATERIALS SCIENCE LABORATORY
MALFUNCTION ANALYSIS BRANCH
DM-MSL-3, ROOM 2217, 0&C BUILDING
KENNEDY SPACE CENTER, FLORIDA 32899
MAB-104-89

JUNE 23, 1989

SUBJECT: SRB Forward Joint Heater Power Cabling Failure

Analysis

FOREWORD

1.1 Prior to the flight of STS 30R, the forward joint
redundant heater failed a ramped 1500 volt DC
Dielectric Withstand Voltage Test (DWV).

1.2 Post flight testing indicated that connector
X22W802/P1 was most likely the cause of the
preflight anomaly although other cable segments
indicated faults. All cable segments identified as
anomalous were sent by Lockheed Space Operations
Company (LSOC) personnel to the Malfunction
Analysis Branch (MAB) for evaluation.

INVESTIGATIVE PROCEDURES AND RESULTS

2.1 It was suspected that the cabling submitted to the
MAB was contaminated with salt water and salt
residue as a result of the SRB flight recovery
operation. The subject cabling was subjected to a
drying procedure which consisted of being placed in
an environmental chamber at reduced pressure. This
depressurized condition was maintained for several
hours. The cables were then submerged in
demineralized water and thoroughly rinsed of salt

residue. The cables were again submitted to
vacuum.

2.2 Aﬁalysis of the cables after the drying process
indicated that only the cable segment containing
connector X22W802/P1 had a verifiable anomaly.
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2.4

2.5

2.8

This anomaly was a high resistance path from pin

"A" to Shield. This segment of cable is shown in
Figure 1.

Connector X22W802/P1 and connector X22A50 P2/J2

were fluoroscopically examined. No anomalies were
noted.

The cable segment containing connector X22wW802/P1
was evaluated using both a Hewlett Packard (HP)
3478 multimeter (accurate to 30 Megohms) and a
General Radio (GENRAD) Megohm Bridge model 1044-2.
Readings from the GenRad bridge indicated that at
voltage levels up to 200 volts DC the cable anomaly
measured slightly greater than 3.5 Megohms. Above
500 volts DC the anomaly indicated less than 1
Kohm.

Connector X22A50/P2 was then removed from the cable
assembly and the presences of the anomaly checked
as described in paragraph 2.4.

While observing the indication of the anomaly,
using the previously described test equipment, the
cabling was flexed/manipulated in an attempt to
1solate the area of concern. This procedure
indicated that the cabling below the "Y" (towards
connector X22A50/Pl) was unrelated to the anomaly.
This segment of cabling was separated and the
presence of the anomaly again confirmed.

The remaining segment of cabling was again
fluorogscoped looking closely for indications of
some type wire-to-shield anomaly. No
irreqularities were noted. '

At this point a careful dissection of the remaining
cable assembly was undertaken. Figure 2 depicts
the result of shield removal. After the shield was
removed the anomaly was again verified. The top
backshell nut was removed without affecting the
anomaly and all unrelated conductors were severed
(See Figure 3).

The connector was then examined fluoroscopically
and a typical radiographic view 18 shown in Figure
4. Note that the wire conductor corresponding to
pin "A" appears to be pressed against the inner
wall of the backshell. The lower view in Figure 4
shows the inner backshell highlighted.
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OF POOR QUALITY

The remainder of the backshell was removed exposing
the underlying Stycast material and conductors,
This area was examined using a low power
stereomicroscope. Figure 5 illustrates the anomaly
located against the inner wall of the backshell,
Figure 6 shows a magnified view of the anomaly and
the arrow in the lower view indicates a melted
strand of the wire conductor.

3.0 DISCUSSION

3.

—

ro

The anomaly examination described in paragraph 2.10
indicated two 1tems of interest. The first of
these i1tems was that the area of concern appeared
slightly charred or carbonized. This anomaly is
most likely related to the number of times the
connector (and pin "A" in particular) was exposed
to DWV,

The second i1tem of interest related to the actual
surface geometry of the anomaly. 1t appears that a
thin (flap) segment of the conductor insulation was
peeled back as a result of insertion into the
connector backshell., This anomaly may have been
caused by a nick in the insulation (from assembly
or handling) which was then scraped against the
edge of the 1i1nner backshell wall. Regardless of
the method, the underlying insulation was either
thinned or removed exposing the wire conductors.
This exposure resulted in failing DWV.

4.0 CONCLUSION

INVFSTTGATOR: ><Qﬁkk)qihac‘

APPROVED:

The connector failed DWV due to a manufacturing
anomaly. This anomaly consisted of damaged insulation
on the conductor corresponding to pin "A" and was
fixed (using a Stycast potting compound) against the
interior of the connector backshell.
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FIGURE 2

PHOTOGRAPH OF THE ANOMALOUS CABLE SEGMENT WITH AND WITHOUT

SHIELD AND OUTER JACKET.
MAGNIFICATION: BOTH 6X
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ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

FIGURE 3

PHOTOGRAPH OF ANOMALOUS CONNECTOR WITH UNRELATED CONDUCTORS
REMOVED. -
MAGNIFICATION: 0.6X
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FIGURE 4

RADIOGRAPHS OF ANOMALOUS CONNECTOR DEPICTING THE POSITION OF
THE CONDUCTOR CORRESPONDING TO PIN "A".
MAGNIFICATION: BOTH 1.5X
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FIGURE 5

PHOTOGRAPH OF THE CONNECTOR ANOMALY.
MAGNIFICATION: 1.9X
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FIGURE 6

MAGNIFIED VIEW OF THE CONNECTOR ANOMALY.
- MAGNIFICATION: UPPER 4.3X
LOWER 14X
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ABLATION ( AT VENT VALVE LOCATION ONLY)
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Figure 1 Field Joint Protection Configuration
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PRIMARY POWER CABLE
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SECTION A-A

Figure 2 Igniter Joint Heater Configuration

REVISION pocNo. TWR-17543 | vou

SEC i PAGE



CORPORATION

SPACE OPERATIONS

®----
1°2£81 NOILYLS
9°/181 NOILVYLS

§°2691 NOILVLS

AINIWO3S 14V — 23
§°LLSL NOILVLS I\ ‘
S'L6¥L NOILVLS

S'LES

S'169

G 1101
S LEet
S'LLS)
G6°L691
9°L181

drysuoyieTay pue uoriein3drjyuo)y 3se) WISY ¢ 2an81yg

0€61 NOILVLS

31ZZON
3i

1HIMS 14V

gan.s

ONIY W3IN3IILILS
sants

HOV.LLY MNV.L
TVYNHILX3 LNIOdOIW
(IvDIdAL)

SINIOr a13id

S LEEE NOILLVYLS
AN3IWDIS HILNID 14v —
S'LZLL NOLLVLS

S LL0L NOILVLS
LN3IWD3IS HILN3ID QHVYMHOL

ANIWDIAS QHVYMHOS

§°1€S NOLLVLS

£°625 NOLLV.LS L1HDS QHVMHOL
S'1S8
S'titl
gi6vi

ABOIDVY | ¢T3

S1NIOrf

| vou

| PAGE 9

TWR-17543

DOC NO.
SEC

(Iv2IdAL)
S.INIOr
AHOLOVAS

»
6°168 NOLLVLS Q '
6'169 NOLLVLS
>z,

REVISION



MORTON THIOKOL. INC

Aerospace Group

Space Operations

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

JULOQ PLaL4 pAeMOL IYBLY U0 }40) UL ydea) p ddnbiy

DOC
NO

REVISION

VoL

TWR-17543

SEC

10

l PAGE

FORM TC 7994-310 (REV 2-88)



ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

MORTON THIOKOL. INC.

Aerospace Group

Space Operations

JULOP P|3td pdemol JybLy “Y40) UL ¥IBd) U3pun PLOA G 3unbl

]
kLY
—
—d4
]
£
[ap]
<t
w
™~
—
[]
Il
=
T
10
8g|8

>
(3

Y Gerede
REVISION

LLX]

FORM TC 7994-310 (REV 2-88)



MORTON THIOKOL. INC.

Aerospace Group ORIGINAL PAGE
Space Operations BLACK AND WHITE PHOTOGRAPH

?

SUBJECT. 573¥30 FJP'
_ LOCAnON:£;5~ Fieid Jf‘”““4§~\\
DESCRipTp . EZTE; T Caer)

E
9

¥

-8 — ¢

{ “‘--‘~“fofﬁﬁisosr
.\

Figure 6 Debond under Leading Edge, Left Aft Field Joint

DoC

REVISION ‘ NO. TWR-17543 I voL

SEC I PAGE 12

FORM TC 7994-310 (REV 2-88}



CORPORATION

SPACE OPERATIONS

jusTquy yitm preriasg oinjeiadwa] Jjutor PTATd PAJ WS 3321 [ 2an3Ty

n3d ¢62) ve90L1908
03d S61) v290L1908
nad sci) vigoilsod
(n3a s1) vosoLlgod

Vm/ 8061-AVA—¥ A3LLOTd

N
NOLLVINII4O NUS NO qasvd YlSNI 43 TIV

(NdS 1) V1V 18N ROd¥d @iLiold

(LNatany <_ow_<z¢mm_,_ ~ (LWD) 00:L¥:B1:¥21 0-1 ‘ELON.
(SYNOH) ANIL
14 8— col— 91— 0c— Ve
0G
.0©

Ll

winm

001

Otftl

(NODI g4S) 6868T—AVAN—¥ (OSM) 1Ad Wd 4¥%¢ ‘JHd OYHZ

(d 93A) FYNIVIIINAL

Ivon.

13

‘ PAGE

oocno. TWR-17543

SEC

REVISION



CORPORATION

SPACE OPERATIONS

JU9IqUWY YITM prefissg oanieradwa] juror pPTOT4d pPMd WMS 3YySty g oandtg

(p3a $82) ve9081908
n3d S61) v29081908
(D3d S£1) V19081908
(o3a s1) V09081908
(LNIIEGNY) VIOOVLLIO

ANIOT]

.wnl

6861 —-AVH-¥ QILLOTd

NOLLVINAIMO WYS NO ddsvd dlSNI 43¥ TIV
(Nds 1) VIVd 14N Rodd q3Liold

(SYNOH) ANWILL

wl

cl—

91—

(IRD) 00:L¥:81:42T1 0-1

‘JLON«

0c— ve—

0G

09

0L

08

oAl

.1

(41 53Q) TINLVIIINAL

o
o
~—

OT1

(NDI g4S) 686T—AVA-¥ (OSM) 1dd Wd A¥%:2 -ddd OUIZ

| vou

14

pocwo. TWR-17543

SEC

REVISION

| PAGE




CORPORATION

SPACE OPERATIONS

JUSTqUY YITA PTETIIAQ

sanjexadwa], JuTor PTafd 13un WIS IJo1 6 2an31jg

Noma G82) V28021904 H
D3a S61) v990L1808 <7 6061 —AVA-¥ A3LLOTd
wwm%m“ «wmwﬂwwm zoE;zEwo :mmv NO @ASvd dLSNI 434 TIV
NdS 1) VIVd 14N Roud aiLlold
(Lnaianv) <.oﬁﬁw~%m_._ ~ (LND) 00:2¥:81:¥21 :0-1 ILON.
(SYNOH) ANWIL
0 P — 8— ol — 91— 0c— VS—
0G
09 3
=3
=
o
Si{}met!tt!i{1JmYEI1 nuh‘ mM .
=
08 3
=
(e)
06 =
()
3
001
OT11

(NOI 98S) 6861—-AVA—¥ (DOSM) 1A Wd L¥y:2 ‘434 O¥dZ

[vm

] PAGE 15

TWR-17543

DOC NO.

SEC

REVISION



JusTquy y3iFm preTiang oinjeiadws] JUTOr PTAT4 13u) WMS IYSTY 01 2Ind1d

CORPORATION

nad $682) V29081906 —
n3d S61) V99081908 < 6661 —AVA—-¥ QALLOTd
D3 6C1) V9081908 . NOLLVINGIMO WYS NO gasve dLSNI 43d TIV
&mwm.w «_vw%m._wﬁm (NdS 1) VIVd 1N KRoY¥d giLiold
aNzoT1 = , (LND) 00:L¥:81:421 :0-1 ‘ALONs
(SYNOH) ANIL
¥— 8-— ol— 91— 02— VS—
06
09 4
=
=
|
0L =
2y )
Tlm
DV =
08 g
=
P~
06 3
(]
3
. 001
OT1

SPACE OPERATIONS

(NODI g9S) 686T—-AVA-¥ (OS)) LAd Wd 4v'2 ‘ddd 0ddZ

i vou
16

I PAGE

TWR-17543

DOC NO.
SEC

REVISION



CORPORATION

SPACE OPERATIONS

JUSTQUY YITm PIeRTIsAQ dinlexadwsy Juror PTOT4 IIV WMS 3391 (1 2and1g

(p3d ¢82) V1L0.Ll90d IJ%l'

nad G61) voL0L1908

(D3d SE1) ¥690L1908 ——g——

(n3q s1) vegoLlood

(LNZ1GNV) YI00VLLNN -,
aN3OT1

(SYNOH) ANIL
p— - 21— 91— 02—

8061 -AVA-¥ ddLLO1d
NOLLVINTIMO WYS NO @3asvd ¥LSNI 434 TIV
(NdS 1) VIvd 13N WOH¥d d3allold

(IND) 00:2%:81:¥21 :0—1 :TLONs

ve—

0G

09

i&wﬁw\/x?,@iﬁ <
Wkl T

0L

08

(d DIA) FINLVIAINAL

-
-
—

(NDI 948S) 6861T—-AVA-% (OSM) 1dd Wd A¥:2 J38 0ddZ

OTT

| vou

17

TWR-17543

PAGE

DOC NO.
SEC

REVISION



CORPORATION

SPACE OPERATIONS

JuaTquy YaTm pIeTAsAQ oanjeiadws] juTor praTg 3IIV WS IYSTy 1 2andry

(NOI g49S) 6861—AVA-¥ (0SM) 1ad Wd %2 ‘434 0¥dZ

n3d $82) V12081908 k-
n3adq 661) v0oLOBL90H 2 . 6861 -AVA—¥ QiLLOd
wwmonmﬂm «mwwmwwwm " zo_.?_.zm_wo :mmw NO aasve dlSNI J3d TIV
! NdS 1) viva JYN Koud d3lLiold
(LN} V1O ~ | * (IRD) 00:L¥:81:#21 :0—1 ILON«
(SYNOH) ANWILL
V- 8— cl— . 91— 0c— Ye—
. 0G
09 4
. =
=
U
_ 0L O™
e o 0
vlw
s WiVl =
08 3
=
:
—
06 5
Lo Q
rry
it 00T ~—
o1l

| vo

TWR-17543
18

DOC NO.
SEC

REVISION

‘ PAGE




CORPORATION

SPACE OPERATIONS

jJusTquy YyiITM preTasapg ainieiadweay jutor i93Tuldr WYS 3I9T €1 2andyy
6861 —-AVA-¥ ddLLOTd

JALINOI) V980L1904
Mmm :zu_w VGR0.1908 NOLLVLNAIYO WYS NO Q3ISvVd HISNI 434 TIV
(LNIIGNV) VIOOVLLINY (WdS 1) VLVA 1¥N ROY4 diLLOd
aN3oHT1 (IND) 00:L¥:BT: 421 0-1

(SYNOH) INIL

‘ALON»

V- 8— cl— 91— 0c— Yo—

0G

s N

/

N

| | VAN

|
—J—l

??ﬁ???F%Fs
LAY A Y A A Y RYANAY
VIV IV ¥V Y Y

(NOI 93S) 686T—-AVA-+ (OSM) 1ad Wd 4¥:2 J94 0NAZ
LNAIGNY HLIM dIVIIIAO

09

0L

08

(4 D3A) TINITIIINAL

-
-
—

OFT

TWR-17543

DOC NO.
SEC

| vo

REVISION

| PAGE 19



CORPORATION

SPACE OPERATIONS

juaTquy YiTA pPIETIaAQ sainleiadway jutor 123Tudy WYS IYSTY H1 2an3d1g

6861 —AVH-¥ QALIOTd

Mmm%“nw“ «MM%M%WWM % NOLLVLNJIIYO Iﬁm NO qdsvd dLlSNI 43y .._“~<
(1NZIGHV) <_owﬁu—m‘%— NQ\A , (has 1) ﬁﬁo%wu“um%%%l%w ‘dLON«
(SYNOH) FANIL
0 V- 8- col—, 91— 02— vS—
06
09
—3
£
oL 5
x\/.g?}@,i}L@({ T e L S &3
ML nVal) , j:j.m W.m_
—< 08 45
S
' &3
VoS — | ! 1 . 06
Il-*.dl...lr ﬁf/ ‘ F N L W L K L Nww?f_.? __Maw{. ‘Nwdbﬂ\wﬂx ()
f,f_.,, AL R AR 001 &
VA o =
Y Y Y —y—f—¥ 71 011
0c1

(NDI g8S) 6861 —AVA—¥ (DSM) 144 Wd 4v:2 ‘JdY 0ddAZ

LNYIdWV HLIM dIVIYHEAO

| vou

] PAGE 20

TWR-17543

DOC NO.
SEC

REVISION



TAiokof ORIGINAL PAGE 1S
CORPORATIO.
SPACE OPERATIONS v OF POOR QUALITY

Table 1
Field Joint External Insulation Condition - Evaluation Checkoff Worksheet

inspector(s):  Mark Perry

Motor No.:  STS =30 [side: ® Let O Rignt | Date: Z May 1989

Field Joint: & Forward (FWD) J Center (CTR) C Aft (AFT)

Component: JPS

I. External Cork Insulation

A. Voids or Missing Material >0.7 cu.in. (TPSVD)? yes v~ no

B. Debonds (DEBND)? yes : no

C. Charred Material (HTAFF)? yes “  no

it any of the above conditions exist, note:
Axial Starting Ending

Condition Location Degree Degree Circumferential Axial Radial
{Observation (Station) Location Location Width Length Depth
Code) (In.) (Deg.) (Deg.) tn,y - (i) (in.)

Notes / Commaents
|) KSNA "l?m\v;, 1.8 /n, J;&h-;t"!f-, o: Yhe \c.sc\:~5 g65¢ wharg '?..:l\ Jesds were ‘Ptr{orué
see-tlgnt. (Rapairs o 60% 150°% 240° and 3306°),

2) omemER Cock u?o:u-,u.un.-\-«\ oX 25° cnd 120°7,
2
N\ l,. KSNA
— iAo .
:fv-c? ‘Rt?“r
A rection
AFT Fwd,
¥ SNA % r X
Reyaer y
z._ﬂ 7u

vocno. TWR=17543 | vou
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Table 2
Field Joint External Insulation Condition - Evaluation Checkoff Worksheet

inspector(s): Mark Terry

Motor No.:  STS-30 side: X Left J Right Date: 7 May 1989

Field Joint: [ Forward (FWD) (X cCenter (CTR) CJ Aft (AFT)

Component: JPS

. External Cork Insulation

A. Voids or Missing Material >0.7 cu.in. (TPSVD)? yes v no

B. Debonds (DEBND)? yes : no

C. Charred Material (HTAFF)? yes “ o

If any of the above conditions exist, note:
Axial Starting Ending

Condition Location Degree Degree Circumferential Axial Radial
{Observation (Station) Location Location Width Length Depth
Code) (in.) (Deg.) (Deg.) (in.) ~ (In) (In.)

Notes / Comments
) KSNA rgw?al\rs R - ST A L amelret , ©N +We \v.&'ms qécjo. whaere ?o\\ Feads

wiere an‘#ormcc\ ?rc-—"\‘gk"’ (?\’L?’l"" ax éob, \s0° , 240°%, and 3309-

pocno. TWR-17543 | vou

REVISION e
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Table 3
Field Joint External Insulatiod Condition - Evaluation Checkoff Worksheet

inspector(s):  Mark Perry

Motor No.:  STS-30 side: X Left O Right Date: FMay 909

Field Joint: (] Forward (FWD) (] Center (CTR) X aft (AFT)

Component: JPS

l. External Cork Insulation

A. Voids or Missing Material 0.7 cu.in. (TPSVD)? yes v no

B. Debonds (DEBND)? yes : no

C. Charred Material (HTAFF)? yes " no

If any of the above conditions exist, note:
Axial Starting Ending

Condition Location Degree Degree Circumferential Axial Radial
{Observation (Station) Location Location Width Length Depth
Cods) (In.) (Deg.) (Deg.) (n.) (In.) (in.)

Notes / Commants )
) KENA cwpaies, LS i Qlamdrr | o~ the leading edqe wher poll Yeshs

weare ?\.?‘LOT:—\.& ?FQ.- ‘G\\ak+ C?!Ts‘\f's a~r JO‘, ’$°°, 1400' G\Ac‘ ?300.).

2\ Twe other cark f“t?a‘us were noted oX I3IS®

pocno. TWR-17543 | vou
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Table 4
Field Joint External Insulation Condition - Evaluation Checkoff Worksheet

Inspector(s): Mark Perry

Motor No.: STS-30 Side: [ Left X Right Date: # May 1989

Field Joint: X Forward (FWD) [ Center (CTR) O aft (AFT)

Component: JPS

|. External Cork insulation

A. Voids or Missing Material >0.7 cu.in. (TPSVD)? yes v o

B. Debonds (DEBND)? yes : no

C. Charred Material (HTAFF)? yes ~ ne

If any of the above conditions exist, note:
Axial Starting Ending

Condition Location Degree Degree Circumfearential Axial Radial
(Observation (Station) Location Location Width Length Depth
Code) (In.) (Deg.) (Deg.) (ing) (In.) (In.)

Notes / Comments N
LS iw, & PO Bes , ON“\(\I\Q_ \lmé\nﬁ Q.dgo. where -?"‘\\ *‘3*5 ware

A i, o .

CO“hC“é‘A w-")f\‘\ m\tl‘btl’ ro\?-\n olan )

2\ Ansdlar con P\'?o\\:- wes aatd

AN _245° | plg

<
gFT wa C\Ptt'\tocs
-2%5°
((on'linuqcy on OC F)
REVISION oocno. TWR-17543 | vou
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TAioro€ comroration

SPACE OPERATIONS Table 5
Observation Clarification Form
Motor No. STS 30 Inspector(s) Moark -PQ""\'I
I Lait (A) X Aight (B) : Date FMay (989
Segment: X Forward X Forward Canter [ Aft Canter [ Aft C Nezzia
Joint: Torward Tidd Toisk Case Znd: NA
Location: Axial (In.) __ A & Starting Degree _A//  Ending Degree _ANVA
Size: ircumferential Width (In.) N Axial Langth (In.)
Radial Distancs (In.) ya'
Description:

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

. 3)  AAdAnA  Ariled Vesth Woles Lere rotd ey follows:
FORWARD S)IDE

| ~

l

\ I ¢
qe° SFTq.s'bE 210° 330 340"
V2

a) No vent Wole -?c&m-n was Amled oM +Re 30°% Fruanion

\ QQQ*‘\O\ .

) AYX Yhe 30° Froanien lbcadrion & éQ}Nbsh“ wes found

Wittt 6&??rix“~.;\-v,\\/ 2.5 ‘nibley tw c&:o.m!ﬂ(r\

and a creck (0.4 ia. \n c‘-m,w-&vuu) Wes o~ the forwand
edge . Whia T dc}nbsu‘oa\ was \'\ows&-'PNésté,wﬂ'\'V #lowed
oot of Yhe crack . See Ho €igore badew

Ploa
Clre,

Arradhion

@

ORIGINAL PAGE iS
OF POOR QUALIT pocwo. TWR-17543 | wu

REVISION
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Table 6

Field Joint External Insulation Condition - Evaluation Checkoff Worksheet

inspector(s): M ark Perry

Motor No.: STS-30 Side: [ Left X Right Date: 7 May 1989

Field Joint: (] Forward (FWD) [ X Center (CTR) C Aft (AFT)

Component: JPS

. External Cork Insulation

A. Voids or Missing Material >0.7 cu.in. (TPSVD)? yes v no

8. Debonds (DEBND)? yes : no

C. Charred Material (HTAFF)? yes “" nho

if any of the above conditions axist, note:
Axial Starting Ending

Condition Location Degree Degree Circumferential Axial
(Observation (Station) Location Location Width Length

Code) (in.) (Deg.) (Deg.) (In.y (in.)

Radial
Depth
(In.)

Notes /| Commaeants .
) KSNA Ft?h'\rs , V.S o». A\ko—c\np ) » :
?q.v-‘erncé e ~“'\‘\3\A‘\' (Rapaies o 60° 150°%,240° and 330 )'

7_\ nAq\'Aiom\ é\r:\\lé vesy holes were M'L'A os io“ows'-

on Yo \ao-&lr-) eést whare T"’“ Jesh wqu.r

‘wa.
K j
A¥T as® x60° ORIGINAL PAGE IS
OF POOR QUALITY
REVISION ____ pocwo. TWR-17543 | vor
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Table 7

Field Joint External Insulation Condition - Evaluation Checkoff Worksheet

Inspector(s): Mark Perry
Motor No.: ST5-30 Side: (] Left X Right & Date: 7 May |90
Field Joint: (] Forward (FWD) (] Center (CTR) EAft (AFT) '
Component: JPS
I. External Cork insulation
A. Voids or Missing Material >0.7 cu.in. (TPSVD)? yes v no
B. Debonds (DEBND)? yes / no
C. Charred Material (HTAFF)? yes " no
If any of the above conditions exist, note:
Axial Starting Ending
Condition Location Degree Degree Circumferentiai Axial Radial
(Observation (Station) Location Location Width Length Depth
Code) (In.) (Deg.) (Deg.) (in.y (in.) (in.)

Notes /| Commaents

D) KSNA tepairs | 105 1 diameder |

on The llad;n‘ﬁ edge whure T‘” Jests  were Ptf‘formal

P“"-H;jH (Zepaies go° 150°% 240° end 330°).
. ~ Ned Wels w2 Avted ey -(:o\\lu).s:
) MA;-\-'-..\ rupeirs oA Av
Vart
Twd ol
| . e LTI B LD \@ %
seon - ‘ ‘ | | ‘ N
qo° A‘r lbo Z’O. oQ ‘so ?QO
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Table 10
Observation Clarification Form
Motor No. $TS-30 Inspactor(s) Mark ?e'"\/
— Lsft {A) X Right (B) Date BMay 1989
Sagmaent: X Forward (X Forward Canter ([C Aft Canter [ Aft C Nozzle ’
Joint: Forvard Fied doint Case End: NA
Location: Axial (In.) ~MA Starting Degree _30° gEnding Degree 3c°
Size: Circumferential Width (In.) NA Axial Langth (In.) _NRA
Radial Distance {in.) NA
Description:

Sxkatch observation below or attacn worksheets and list beiow. Inaicate orientation and dimansicns.
Snow as much detail as necassary to expiain the observation.

2.5" Fwb L -8
.'_30‘5
2"
AFY
F JPS on 2he modor Exiroded Cork O Yhe Votor
- R 2.5 dlamcler dt’?"“‘;“‘ the cork - wvid «F dqanssw\ was 0,3400.9
- R o.4" Clrcomfuretiel  erack Hrroogiathe indh deep (radial)
cork and ?w‘\d .The yaist coverml The
erdsy of the carke Crack, The corle chrmeke qT?um\
4o run 13" -
ORIGINAL PAGE IS
OF POOR QUALITY
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Table 12
Post-Flight Observation Record (Supplement 1)

TIELD JOINT 2RCTZCTION SYS
REVLAF STRAP BUCKLE VENT HOLZ PATTERN ASSESSMENT

paTE: $-9-849

INSPECTORS: Mark Parry , Elgie Hold
MOTOE NC.: $T15-3%® SIDE: X LEFT {AaA) RIGHT (B)
JOINT: ¥ AFT __ CENTIR __ FORWARD

FORWARL 3UCTXLE

CIeCUNFERENTIAL LOCATICN: (37

DISTANCT 3ETWEEN CENTERLINES OF BUCXLE AND HOLE PATTERN: /"
Bockit Coavued ot Role &

HCLC ORILLED VOoIT AT HIT
NUMBE?R THROUGH? HOLZ? VOID? COMMENTS
ir N e No

2T N o No

3F Ne es

?F N oo Yes

aF Ne Neo

6F No No

i3 Np No

8F Mo NS

9F ,s/b N.

:0r NO No

1.7 Neo No

AFT 3UCTLE

ZIRCUMFEZRENTIAL LOCATION: 134 ,

DISTANCZ 3ETWEEN CEN‘{I;EI-‘.LINES OF BUCXLZ AND HOLE DPATTERN: /'
(-]

Buekia C(iminmd &+ =y

HOLE DRILLED VOID AT HIT

NUMBER THROUGH? HOLZ? VOID? COMMENTS
1a Neo No

2A No No

34 Ne Ne

14 N e No

A N o Yes

9A Mo Yo

j‘:‘ MO Ne

34 No Me

Za No No

“JA No No

s /Yo Ne

REVISION_ DOC NO. TWR 17543 ‘ voiL
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Table 14
Post-Flight Observation Record (Supplement 2)
FIZLD JOINT 2ROTECTICN 3YSTE=HM

HAT 3AND TRUNNION VENT HOLZ PATTEZRN ASSESSMENT
DATE: s-1-8%
INSPECTORS: Murk Parry , Elgie Nale
MOTOR NO.: $8T$-3° SIDE: X LEFT (A) RIGHT (B)
JOINT: X_AFT CINTER FORWARD
CIRCUMFERENTIAL LOCATION: 30 X 150 270

DISTANCE BETWEEN CENTERLINES OF TRUNNION AND HOLZ PATTERN: PVZ]

HOLE DRILLED VOID AT HIT

NUMBER THRCUGH? HOLZ? VOID? COMMENTS
1F

=
oF

, ~
iF

iF ' ~

ST —
SF

| F

/ -
8F

IF —

10F —

llz

Ta e

EN —

A

IA yd

Y —

6A e -

7A —

3A —

A —

10A —

1Ia 7

>

No hole patterns drlled
VRPN Conk Thickness | 8.0.25 "
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LNIWSSISSY NYILILVYd 37T0H ILNIA NOINNNHYIL dNVE LVH
WALSAS NOILDILOY4d LINIOL 4'1dId
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Table 16
Post-Flight Observation Record (Supplement 2)

FIELD JOINT 2ROTECTICN 3YSTEN
HAT BAND TRUNNION VENT HOLE PATTERN ASSESSMENT

DATE: §-3-8% ‘
INSPECTORS: Mark Parey , Elgie o

MOTOR NO.: 3v%=-30 SIDE: X LEFT (A) RIGHT (B)
JOINT: XAFT CENTER FORWARD
CIRCUMFERENTIAL LOCATION: 30 150 X 270

DISTANCE BETWEEN CENTERLINES OF TRUNNION AND HOLE PATTERN: 3 "
Cordr 04T trusaisar 1ty below hole == 9

HOLE DRILLED YO0ID AT HIT

NUMBER THROUGH? YOLE? VOID? COMMENTS

1F Neo Ao

2F No Ne

3F Ao NQ

4F Ae Neo

S5F No Ne

6F Ne No

7F Ne No

8F h/o No

gF No Neo

10F Mo Ne

11F No Ne

1A Ne Ne

2A No Ne

3A ANe )

4A N A’e

SA Ne Noe

6A No No

TA Ne No

8A ‘Neo Ne

9A Ne Ne

10A Ne N

11A No Neo
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Table 18
Post-Flight Observation Record (Supplement 2)

FIZLD JOINT ZPROTECTICN 37YSTE!

-l

HAT 3AND TRUNNION VENT HOLEZ 2ATTEIRN ASSESSMENT

DATE: S$-9-8%
INSPECTORS: MQOK‘PQH\, ) Elge WNale

MOTOR NO.: %75-3® SIDE: _X LEFT (A) RIGAT /B)
JOINT: X AFT CENTER FORWARD
CIRCUMFERENTIAL LOCATION: X 30 150 270

DISTANCE 3ETWEEN CENTERLINES OF TRUNNION AND HOLZ 2ATTERN: 0.0 ‘neh

HOLE DRILLED VOoID AT HIT
NUMBER THRQOUGH? HOLZ? VOID? COMMENTS
1F Nlo Ne - .
2F No Ne
3F Neo No
dF Ne Neo
SF NO f\/o
3F No Ves
JF No  Mes
8F Ne AN O
9F Neo Ne
10F No No
ile NO No
1A No p/D
2A N o No
3a /\/n ) /\/0
4A Ne Mo
3A No Na
0A NO No
7A No No
8A No NO
9A N o No
10a N o N o
11A N O No
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Table 20

Post-Flight Observation Record (Supplement 1)

FIELD JOINT PROTECTION SYSTEM

KEVLARK STRAP BUCKLE VENT HOLE PATTERN ASSESSMENT

paTE: S -9-&

INSPECTORS: Mark ?""‘L Elsre Hale
MOTOE. NC.: $ST$-30 SIDE: XA LEFT (A) RIGHT (B)
JOINT: AFT X CENTER FTORWARD

FORWARD 3UCKLE o
CIRCUMFERENTIAL LOCATION: 134

DISTANCE BETWEEN CENTERLINES OF BUCKLE AND HOLE PATTERN: O,o”
HOLE DRILLED VQID AT BHIT

NUMBER THROUGH? HOLZ? VOID? COMMENTS

1F No Nea

2F A o Ne

3F Neo No

4F Neo Neo

S3F Ne Neo

6F Ne Neo

ri3 No No _

8F ﬁV& Yes Ng'?

9r ANo Yes No & See Void

10F No Yes Mo D

L1lF Ne NO

AFT BUCXLE

CIRCUMFERENTIAL LOCATICN: 133°

DISTANCE BETWEEN CENTESRLINES OF BUCKLE AND HOLE PATTERN: 0,75

Cenltrd nesr hole 27

HOLE DRILLED VCID AT HIT

NUMBER THROUGH? HOLE? VOID? COMMENTS
14 No Ao

2A Ne ANa

3A Neo No

EF Na No

A No Ne

BA Ne Neo

TA Neo N e

3A No Ne

EEN No Ne

~0A Lost Cork Faamaek — Ao yo0/ds

Zis Loyt Cor% Fraamey ~ Ao Bd8
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Table 23
Post-Flight Observation Record (Supplement 2)

FIELD JOINT 2ROTECTICN 3YSTE!N
HAT BAND TRUNNION VENT JIOLE PATTERN ASSESSHMENT

DATE: §-9-8% '
INSPECTORS: MoarkPerny, £f e M7 /e

MOTOR NO. : sT$-30 SIDE: X LEZFT (A) RIGHT (3)
JOINT: AFT X_CENTER FORWARD
CIRCUMFERENTIAL LOCATION: 30 X iso0 270

DISTANCE 3ETWEEN CENTERLINES OF TRUNNION AND HOLZ 2ATTEIRN:

HOLE DRILLED VvOoIiD AT HIT

.\lﬂ;MBER THRCUGH? HOLZ? 70ID? COMMENTS A/O /L/ﬂéE g D ﬁ /LL E’D

~ -

az —

+{ )

| ~Yor|uy £
L TR R Y R R |

(X9
Lo ]

A . e
10A 7
13 v/

Mk EoRK THICKUESS 1S .38

ORIGINAL FAGE 15
OF POOR QUALITY

REVISION pocno.  TWR-17543 | vo

SEC | PAGE




CORPORATION

2

B === = o

T T I e R At

i vl v ve v vegl ovs v v v Y &

e e m e e TP L et 4 =

g=3fn-——y g

L8 Ty 6 y 8
al s_o 3@ E@ to i ume :e %e LN@ u_e

SPACE OPERATIONS

0z ¥ 01 0€_ :NOTLVOOT TVILNZYIIWNDYID
a¥VM¥04__ ¥IINHD X L4V : INIOT
(4) LHOTY (V) 1431 X  :3AIS 0f£-$1S ON ¥OLOW

Fﬁdﬂjudva $SUO0LDIASNI
f@l?JM AL1va

REVISION

LNIWSSASSY NHILLVd FTOH INIA NOINNNHL ANVH LVYH
WALSAS NOILD3LOYWd INIOL dT13Id

(z 3uawatddng) paodsy uolleaiasqQ IYITTJ-Isod ¥ °Tqel

44

l PAGE

SEC



Tr ool corronarion ORIGINAL PAGE 1S
SPACE OPERATIONS OF POOR QUALITY

Table 25
Post-Flight Observation Record (Supplement 2)

=

FIELD JOINT 2ROTZICTICN 3UST
TERN ASSESSMENT

HAT 3AND TRUNNION VENT HOLE ?2AT

DATE: §-9-89

INSPECTORS : MarParey £/ 0 flole

MOTOR NO.: STs-30 SIDE: X LEFT (A) IGHT (B)
JOINT: AFT X CENTER FORWARD

CIRCUMFERENTIAL LOCATION: 30 189 X 270
Truraiea cerstud ot bole 5, Foin T <

DISTANCZ 3ETWEEN CENTERLINES OF TRUNNICN AND 30LZ >2ATTERN: |

YOLZ DRILLED YOID AT  HIT
NUMBER TYROUGH? HOLE? YOID? COMMENTS .
lr NO N Min  CofK THIcAwEss 0,39
zF NO AD

3F AND ANO

dF NO ANO

3F Ves NO

AF Yas ) NO

7F yes N9

8F Ves No

aF No No

10F NO A0

llr ) Ao

1A ANO NO

22 NO No

A NO NO

4A NO No

A A0 NO B

5A No N

7A NGO No ]

8a No No T

9A NO No

10A NO N O

11X NO No

pocvo. TWR-17543 | vou
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Field Joint Heater Cable External

Table 26

Insulation Condition - Eval Checkoff Worksheet

Inspector(s): Mark ?ery/f/]/e H.oie

Motor No.: STS-30

Component: TPS

Side: [ Left (o) (X Rigﬁ: 8 | pate: 7 May 1989
[4

l Externai Cork Insulation

A. Voids or Missing Material >0.7 cu.in. (TPSVD)?

B. Debonds (DEBND)?
C. Charred (HTAFF)?
. Cables Debonded (DEBND) if visible?

If any of the above conditions exist, note:

Axial
Segment Condition Location
(FWD, FCS, (Obsarvation (Station)
ACS or AFT) Code) (In.)

Starting
Degree
Location
(Deg.)

yas Y no
yes Z no
yes _\é no
yes v no
Enging
Degree Clrecumferential
Location Width

(Deg.)

(In.)

Axiai
Length
(Im.)

Notes / Commaents

The +orward \ <orward /eenter X and  ~ft / conter

WL &S Shewn '

W SNA Cq'P

SN ®)

P

F- sy 5+9M3 Tuv\;\d

¢ .,\{isaro}*“’-\s

REVISION
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Table 27

Field Joint Heater Cable External Insulation Condition - Eval Checkoff Worksheet

inspector(s):  Mark TPerry /:"/;,g e /e
Motor No.: TS - 30 side: [ Left (A) [ Right (B) |Date: 7 May 1989
Component: TPS
I External Cork Insulation
A, Voids or Missing Material >0.7 cu.in. (TPSVD)? yes \/ no
B. Debonds (DEBND)’ ____ yes v no
C. Charred (HTAFF)? yes - no
. Cables Debonded (DEBND) if visible? yes ;/ no
If any of the above conditions exist, note:
Axial Starting Ending
Segment Condition Location Degree Degree Clreumferential Axial
(FWD, FCS, (Observation (Station) Location Location Width Length
ACS or AFT) Code) (In.) (Deg.) (Deg.) {In.) (In.)

Notes / Commaents

The CDN'Q‘SOPO\*.\O'\s wWhe &9 'Le\\ous:

A€r /Cemrue Segmanrt

wSNA CAP 7
TUNN B|

SYSTEMS

Forward ana Forword /Center scsnh'k

KENA CAP W/ Fu.L:-rs/
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SPACE OPERATIONS
Table 28
Igniter Heater Installation Condition - Evaluation Checkoff Worksheet
Inspector(s): ' Elgie Hale .
Motor No.: Side: [ Left (A) &l Right !B) | Date: 5/7/89
Joint: igniter (IGN) Case End: Igniter Adapter (FWD) Component: JPS

. Igniter Heater
A. Unsecure(LOOSE)? ves

- Z_ no
B. Improper position (DISCP)? yes W no
. Cork Insulation
A. Unsecure(LOOSE)? yes v, no
B. Improper position (DISCP)? yes W no
i. T-Bolt Latch Band Clamp
A. Unsecure(LOOSE)? yes e no
B. Improper position (DISCP)? yes /no
IV. Igniter Heater Power Cables
A. Unsecure(LOOSE)? yes i~ no
B. Improper position (DISCP)? yes Z_ no
If any of the above conditions exist, note:
Starting Ending
Affected Condition Degree Degree Circumferential Axial
Part (Observation Location Location Width Length
(h 1, W or IV) Code) : (Deg.) {Deg.) {In.) {in.)
Notes / Comments _
DOC NO. TWR-17543 | vou
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Table 29
Igniter Heater Component - Evaluation Checkoff Worksheet

Inspector(s): E]grie Hale
Motor No.: Side: [(X] Left K] Right Date: 5/7/89
Joint: Igniter (IGN) Case End: Igniter Adapter (FWD)/ Component: JPS
.  T-Bolt Latch Band Clamp Assembly Intact (BAND)? / yes no
II. Igniter Heater .

A. Delaminations (DLHTR)? yes _

B. Discolorations (DSCLR)? yes no

C. Charred (HTAFF)? yes . no

D. Warped (HTAFF)? ) yes no
ll. Heater Power Cables

A. Not Intact (LOOSE)? yes / no

B. Charred (HTAFF)? yes ; no
If any of the above conditions exist, note:

Axial Starting Ending
Affected Condition Location Degree Degree Circumferential Axial

Part (Observation (Station) Location Locat.on Width Length
(I, 1 or 1) Code) {In.) (Deg.) (Deg.) (in.) (In.)
Notes /| Commaents
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