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ABSTRACT 

The assembly t e s t  a r t i c l e  (ATA) consisted o f  two l i v e  loaded redesigned 

so l  i d  rocket  motor (RSRM) segments which were assembled and disassembled 

t o  s imulate the  ac tua l  f l i g h t  segment s tack ing process. The t e s t  assembly 

j o i n t  !vas f l i g h t  RSRM design, which included the  2 - j o i n t  i n s u l a t i o n  design 

and metal capture feature. 

The ATA t e s t  was performed mid-November through 24 Dec 1987, a t  Kennedy 

Space Center (KSC), F l o r i da .  The purpose o f  the  t e s t  was 1) c e r t i f i c a t i o n  

t h a t  v e r t i c a l  RSRP segment mat ing and separat ion cou ld  be accompl i sehd 

w i thou t  any damage, 2)  v e r i f i c a t i o n  and mod i f i ca t i on  of t he  procedures i n  

the segment stacking/destacking documents, and 3 )  c e r t i f i c a t i o n  o f  var ious 

GSE t o  be used f o r  f l i g h t  segment assembly and inspect ion.  

A l i v e  loaded a f t  segment was fastened t o  the mobi le launch p la t form 

(FLP) i n  the veh ic le  assembly b u i l d i n g  (VAB). Two p a r t i a l  mates and two 

f u l l  mate/demate sequences were performed w i t h  loaded a f t  and a f t  center  

segments t o  evaluate the  RSRM j o i n t  conf igurat ion.  The i n s u l a t i o n  J - j o i n t  

contact  area and metal pa r t s  fit were evaluated dur ing  these segme-, 

assemblyldi sassembly processes, as we1 1  as the performance of var ious (GSE) . 
Prof i l e  rneasurments and nondest ruct ive eva lua t ion  (NDE) inspect ions were 

a lso  performed on the segments. 

RSRM v e r t i c a l  segment assembly/disassembly i s  poss ib le  w i thou t  any 

damage t o  t k  i n su la t i on ,  metal pa r ts ,  o r  seals. The i n s u l a t i o n  J - j o i n t  

contact  area was very c lose  t o  the  p red ic ted  values. Numerous dev ia t ions  

and c h m g s  t o  the p lanning documents were made t o  ensure the f l i g h t  

segments are e f f ec t i ve l y  and c o r r e c t l y  stacked. Various GSE was a l s o  

c e r t i f i e d  f o r  use on f l i g h t  segments, and are discussed i n  d e t a i l  i n  the  

body o f  t h i s  r epo r t .  
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1.1 HISTORICAL BACKGROUND 

INTRODUCTION 

As p a r t  o f  the  o v e r a l l  redesign e f f o r t  of the space shu t t l e ,  s i g n i f i c a n t  

changes have been made i n  the  j o i n t  conf igurat ions of the so l  i d  rocke t  

boosters (SRBs). These changes e f f e c t  the SRB assembly s tack ing process 

which occurs on the mobi le launch p la t form (FLP) as the  s h u t t l e  i s  being 

assembled. New and/or mod i f ied  GSE and operat iona l  procedures a re  requi red 

t o  support the SRB stack ing operat ioc ,  as we l l  as rev ised  crew t r a i n i n g  and 

time1 i ne  establishment. These procedural nlodi f i c a t i o n s  and equipment v e r i -  

f i c a t i o n s  were estab l ished and c e r t i f i e d  dur ing  the  ATA t e s t .  The ma jo r i t y  

of the t e s t  was performed i n  Pecember 1987. 

1.2 TEST ARTICLE DESCRIPTION 

The ATA t e s t  a r t i c l e  was assembled or! MLP No. 3, which was loca ted  i n  h igh  

Bay No. 1 o f  the VAB a t  KSC, F l o r i d a ,  ihe e n t i r e  ATA assembly (F igure 1-1) 

was supported by a  h igh  performance motor (HPM) a f t  s k i r t  which wqis fastened 

t o  four MLP holddown p0st.s. The p o s t  studs were ~nst: imented by Grumman 

Aerospace w i t h  s t r a i n  gages t o  eva luate the holddown post load d i s t r i b u t i o n .  

The l i v e  loaded d f t  segment, which was at tached t o  the a f t  s k i r t ,  consisted 

o f  an HPK a f t  dome, two standard weight HPM s t i f f e n e r  segments, and an RSRV 

l i gh twe igh t  a t tach  cy l i nde r .  The s t i f f e n e r  r ings ,  suppl ied by KSC, were the 

same ones p rev iaus ly  assembled on the STS-61G hardware. The externa l  tank 

a t i ach  (ETA) r i ng ,  suppl ied by Uni ted Space Boosters Inc .  (USBI), was a  r i g h t  

hand RSRM 360-deg con f igu ra t ion .  The a f t  segment was c losed on the a f t  end 

w i t h  a  cover p l a t e  and HPK nozzle f i x e d  housing, as ;lo RSRM nozz le  par ts  were 

included. The a f t  center sqmc..rt cons is ted o f  two l i gh twe igh t  RSRM cy l i nde rs  

j o i ned  together.  These cy l i nde rs  were insu la ted,  and the e n t i r e  segment. was 

1 i v e  loaded. No systems tunnel  was present on e i t h e r  o f  the  ATA segments. 

No j o i n t  heater, p ro tec t i on  system, o r  complete j o i n t  c loseout  was used dur-  

i n g  the ATA t e s t .  
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Figure 1-1, Assembly T e s t  A r t i c l e  
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The metal pa r t s  and i n s u l a t i o n  design on the  t e s t  j o i n t  were RSRM DM-9/ 

f l i g h t  con f igu ra t ion .  This inc luded the  l i g h t w e i g h t  capture fea tu re  and 

J - j o i n t  i n s u l a t i o n  p r o f i l e .  An i l l u s t r a t i o n  of the t e s t  j o i n t  features can 

be found i n  F igure 1-2. 

The a f t  center segment was moved from the  t r ans fe r  a i s l e  t o  the h i gh  bay 

t e s t  area w i t h  the  VAR crane. Fine segment movement c o n t r o l  was completed 

w i t h  the 250-ton hydraset, suspended d i r e c t l y  below the  crane block.  Beneath 

the  hydraset was the mod i f ied  4-po in t  l i f t i n g  beam, which suspended the seg- 

ment a t  f ou r  loca t ions  90 deg apart. An i l l u s t r a t i o n  and eva lua t ion  o f  t h i s  

l i f t i n g  equipment i s  i n  Sect ion 7.1.3.  

1.3 TEST PROCESS DESCRIPTION 

The ATA t e s t i n g  sequence cons is ted of two p a r t i a l  mates and two f u l l  mate/ 

demate sequences, The p a r t i a l  mates al lowed ins t rumenta t ion  measurements 

on the segments (tang and c l e v i s )  and the GSE t h a t  otherwise would no t  have 

been poss ib le  dur ing the  f u l l  mates. The f u l l  mates al lowed con~plete  evalua- 

t i o n  o f  the assembly process, inc lud ing  i n s u l a t i o n  J-seal  and capture fea tu re  

performance. Als; inc luded i n  t he  t e s t  were var ious segment i n s p e c t i o ~ s  and 

measurenients. 'The e n t i r e  t e s t  sequence descr ip t ion ,  i n c l ud ing  the dev ia t ions  

from the t e s t  p lan  (CTP-0008 Rev C), i s  discussed i n  Sect ion 4. 
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OBJECTIVES 

The ATA t e s t  o b j e c t i v e s ,  as l i s t e d  i n  t h e  Development and V e r i f i c a t i o n  (D&V) 

P lan (TIP-15723) a r e  l i s t e d  below. These o b j e c t i v e s ,  as w e l l  as t h e  CEI 

S p e c i f i c a t i o n  paragrabhs re ferenced w i t h i n ,  a re  a l s o  1  i s t e d  and eva luated 

i n  Sec t i on  3.2. 

2.1 QUPLIFICATION OBJECTIVES 

a. C e r t i f y  assembly and disassembly o f  RSRM segments i s  p o s s i b l e  i n  t h e  

v e r t i c a l  p o s i t i o n  i n  accordance w i t h  Assembly/Disassembly o f  Segments 

as l i s t e d  i n  CPW1-3600, Para 3.2.5.1 and Para 3.2.5.2.f. 

b .  C e r t i f y  t he  case has a  p i n  r e t e n t i c n  dev ice  i n  accordance w i t h  Case, 

CPW1-3600, Para 3.2.1.3.9. 

c. C e r t i f y  e x i s t i n g  spares s torage and maintenance f a c i  1  i t i e s  a r e  used 

t o  t h e  maximum e x t e n t  p o s s i b l e  i n  accordance w i t h  F a c i l i t i e s  and 

F a c i l i t y  Equipment, CPWI-3600, Para 3.4.3. 

d. C e r t i f y  t h a t  t he  des ign has considered tasks  t o  be accomplished by 

opera t ing ,  t e s t ,  and maintenance personnel  i n c l u d i n g  cons ide ra t i ons  

f o r  sa fe ty ,  access ib i  1  i t y ,  c r i t i c a l  tasks ,  c o v l e x i  ty,  and n e c e s s i t y  

f o r  t r a i n i n g .  

e. C e r t i f y  use and o p e r a t i n g  procedures o f  t he  f o l l o w i n g  GSE: 

Equ i pmen t - Model No. C o n f i g u r a t i o n  

P i n  R e t a i r i n g  Wedge K i t  A77-C424  8U75930 

Al ignment P i n  K i t  H77-0438 8U52624 

F i e l d  J o i n t  Aqsenibly F i x t u r e  H77-0442 71175170 

,!oint Measuring F i x t u r e  A77-0448 8U759C1 

V e r t i c a l  Disassembly ( separa t i on )  H77-0451 71152919 
F i x t u r e  

Leak Check System C77-0457 81175902 

Auxi 1  i a r y  Shaping Tool C77-0470 8U75900 



Eqtii pment 

Kechanical Case-to-Insul a t i o n  
Tlondline Inspect ion K i t  

Model No. 

C77-0475 

Conf igu ra t ion  

211129799 

' 1 1  t r ason i c  Case-to-Insul a t i o n  
Bondl i n e  Inspec t ion  K i t  

.Joint I n s u l a t i o n  P r o f i l e  Measuring 
K i t  

J-seal Terminus Inspec t ion  System 

1-seal Bondl i n e  Inspec t ion  Tool 

,ssembly Ins t rumentat ion 
Temposonics 
4-po in t  Beam 

Slump Measuring Tool 

.it. I ' e r t i f y  t h a t  t he  leak t e s t  method i s  compatible w i t h  the  f i e l d  j o i n t  

i n s u l a t i o n  t o  v e r i f y  j o i n t  seals.  

g. C e r t i f y  t h a t  t he  f i e l d  j o i n t  i n s u l a t i o n  con f i gu ra t i on  w i l l  ensure t h a t  

system performance and s t r u c t u r a l  i n t e g r i t y  i s  maintained dur ing  t he  

assembly process. 

h. C e r t i f y  t.hat the  f i e l d  j o i n t  i n s u l a t i o n  does no t  shed f i b r o u s  o r  

p a r t i c u l a t e  :..3tter du r ing  assembly which could prevent  sea l ing.  

i. C e r t i f y  t h a t  the  f i e l d  j o i n t  i n s u l a t i o n  w i l l  pe rmi t  p r e f l i g h t  demating. 

Th is  s h a l l  preclude i n s u l a t i o n  damage. 

j. C e r t i f y  t h a t  contaminat ion i s  c o n t r o l l e d  t o  assure system sa fe ty ,  

pwformance, and re1 i abi 1  i ty. 

2.2 DEVE,,OPMENT,4L OBJECTIVES 

k. De tem . .e  mateldemate loads on hardware and GSE ( i n c l u d i n g  bond1 i ne  

s t r ess )  

1. ;valuate basel ine j o i n t  con f i gu ra t i on  f i t  dur ing  and a f t e r  mate. 

I : .  Gather actud l  data f o r  a n a l y t i c a l  compari son. 
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n .  Provide f o r  crew t r a i n i n g .  

o. Establ i s h  time1 ines for mai ntenance/replacement functions o f  case 

segments. 

p. Val ida te  F-ocedures f o r  RSRP assembly/disassembly and handling. 



SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The ATA t e s t  ob jec t i ves  can be c l a s s i f i e d  i n t o  th ree  general categor ies:  

1) c e r t i f i c a t i o n  o f  v e r t i c a l  RSRM segment s tack ing,  2 )  v e r i f i c a t i o n  o f  the 

procedures i n  the segment s tack ing documents, and, 3 )  c e r t i f i c a t i o n  o f  the 

GSE used dur ing  ATA fo r  f l i g h t  segment s tack ing.  This sec t ion  contains: 

1 )  a b r i e f  overview of the t e s t  r esu l t s ,  2) an eva lua t ion  o f  the c e r t i f i c a -  

t i o n  conclusions reached as they r e l a t e  t o  tho  t e s t  ob j ec t i ves  and C E I  

Spec i f ica t ions,  3 )  and a  l i s t i n g  o f  the s i g n i f i c a n t  recommendations made 

from the r e s u l t s  and conclusions drawn. Complete d e t a i l e d  eva ludt ions o f  

the procedures and equipment are contained i n  o ther  sect ions o f  the r epg r t  

and a re  referenced, where poss ib le ,  i n  the sumnary below. 

3.1.1 V e r t i c a l  Segment Stack ing 

Two v e r t i c a l  segment mates were performed dur ing  the ATA tes t ;  one w i t h  

j o i n t  i n s u l a t i o n  contact  t r a n s f e r  medium (dry mace), and one w i t h  j o i n t  

i n s u l a t i o n  adhesive (wet mate j . Two p a r t i a l  mates were a l so  performed. 

Spec i f i cs  o f  a l l  ATA operat ions are discussed i n  Sect ion 4. Pos t - tes t  

inspect ions confirmed t h a t  RSRM segments can be v e r t i c a l l y  assembled a r~d  

disassembled w i thou t  damaye t o  the i nsu la t i on ,  sea l r ,  and metal pa r ts .  

3.1.1.1 Mate/Demdte Loads. - Segment na te /demdt~  loads were determined 

from the hydraset (placed d i r e c t l y  below the crane b lock)  and the load p ins  

I n  the 4-po in t  l i f t i n g  beam arms. Actual  measurements between the hydraset 

dnd bean load p i ns  va r ied  g r e a t l y  throughout the ATA matingldemating 

operat ions.  No boildl i ne  s t ress  data were gathered dur ing  the ATA t e s t  due 

t o  ins t rumentat ion d e l e t  icns.  Detai  1  s  o f  the mate/demate sequence loads, 

as we l l  as an eva lua t ion  o f  the metal pa r t s  hardware, i s  i r ~  Sect ion 7.2. 

3.1.1.2 Segment Shaping. The post-demdte inspec t ion  w i t h  j o i n t  adhesive 

showed j o i n t  i n s u l a t i o n  contact  f u l l  circumference, w i t h  a  maximum, minimum, 
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and average contact  w id th  o f  0.30, 0.13, and 0.19 i n .  respec t i ve ly ,  Analys is  

p red i c t i ons  were 0.27 i n .  maximum and 0.13 minimum a t  7 5 O F .  No f ibrous o r  

p a r t i c u l a t e  contaminat ion a t t r i b u t e d  t o  the i n s u l a t i o n  i t s e l f  was found. 

3.1.1.3 I n s u l a t i o n  Inspect ion.  The assembled j o i n t  was v i s u a l l y  inspected 

by the "man i n  the bore" method dur ing  the f i r s t  f u l l  ( d r y )  mate. The 

i n s u l a t i o n  contact  p r o f i l e  and o v e r a l l  j o i n t  contaminat ion r e s u l t s  were 

very favorable.  Case- to- insu la t ion bondl ine inspect ions were a l s o  performed 

dur ing the ATA t e s t .  

3.1.1.4 Environment Enclosure. An environment enclosure was used dur ing  

the ATA t e s t  t o  con t ro l  contaminat ion dur ing  j o i n t  assembly/disdssembly 

operat ions.  Although area c lean l iness  was g r e a t l y  improved over pas t  

operat ions,  add i t i ona l  improvements must be made. A c m p l e t e  evaluat 'on 

o f  the  i n s u l a t i o n  performance, bondl ine inspect ions,  and the  environment 

enclosure i s  given i n  Sect ion 7.3. 

3.1.2 Procedures V e r i f i c a t i o n  

Procedures f o r  tne RSRM segment handl ing and assembly/disassembly as spec- 

i f i e d  i n  TWA-791 were va l i da ted  dur ing  ATA. Numerous dev ia t ions  and 

problems were encountered w i t h  the opera t ing  tasks as spec i f i ed  i n  the 

Operat ional  Maintenance I n s t r u c t i o n s  (OMI) throughout the ATA tes t .  These 

requirements were cor rected,  ed i ted,  o r  deleted. The s p e c i f i c s  o f  these 

procedural changes a re  discussed i n  the app l i cab le  sect ions,  and the ATA 

procedures a re  d iscuss ion i n  Sect ion 4. 

3.1.2.1 Segment Mating C r i t e r i a .  Segment mating c r i t e r i a  f o r  f l i g h t  

s tack ing wz. determined from the ATA r e s u l t s .  Changes were incorporated 

i n t o  the p lanning documents through the "ATA Lessons Learned" r e v i s i o n  

change no t i ce  (RCN-MB7878). This inc ludes:  

REVISION -- 

88942-4.2 

l a t i v e  Axis P o s i t i o n  (center ing) - -To be as c lose as 

no more than 0.065 i n .  i n  any d i r ec t i on .  

i t y  (shape)--To be as c lose  as poss ib le ,  bu t  vary 

i n .  r a d i a l l y .  

DOC no. TWR- 16829 VDL 

ILC MOL 9 

a. Premate Segment Re 

poss ib le ,  bu t  vary 

b. Segmnt Concentric 

110 more than 0.125 
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c. Segment Para1 l e l  ism ( leve lness) - -Pr io r  t o  tang/FJAF i nse r t i on ,  the two 

segments ( tang and c l e v i s )  w i l l  be w i t h i n  0.035 i n .  o f  each other.  Dur- 

i n g  the  mat ing sequence, i n s e r t i o n  w i l l  be as smooth and continuous as 

poss ib le ,  as stopping and s t a r t i n g  adversely a f f ec t s  segment para1 l e l  ism. 

Lurching, which i s  def ined ds a  sudden lower ing movement o f  the segment, 

i s  permiss ib le  as long as the  app l i cab le  ou t -o f -para l le l i sm 1  i m i  t s  a re  

no t  exceeded. An i l l u s t r a t i o n  o f  the requ i red  p a r a l l e l i s m  verses pos i -  

t i o n  i s  i n  Figure 3-1. During i n i t i a l  engagement and u n t i l  t he  segments 

are w i t h i n  2.6 i n .  from the f u l  ly-mated pos i t i on ,  the ou t -o f - pa ra l l e l i sm  

value w i  11 no t  exceed 0.5 inch. The ou t -o f -para l le l i sm l i m i t  reduces t o  

0.125 i n .  du r ing  the i n t e r va l  when the  tang i s  between 2.6 and 0.72 i n .  

from f u l l  mate. The value i s  then re laxed t o  0.25 i r  dur ing the rds t  

0.72 in .  o f  tang i nse r t i on .  

d. Segment I n s e r t i o n  Rate Verses Pos i t i on - - I nse r t i on  r a t e  as a f unc t i on  

o f  p o s i t i o n  i s  shown i n  Figure 3-2. HII ; nse r t i on  r a t e  o f  0.200 in. /min 

i s  al lowed wh i le  the tang i s  between 4.0 and 2.0 i n .  from the mated 

pos i t i on .  A maximum i n s e r t i o n  r a t e  o f  0.060 in./min w i l l  again be 

app l ied  f o r  the f i n a l  2.0 i n .  o f  tang engagement. 

3.1.2.2 Personnel Tasks. I t  was a l so  shown dur ing  ATA t h a t  the RSRM segment 

and j o i n t  design adequately considered operat ing,  t e s t ,  and maintenance 

personnel tasks. Crew t r a i n i n g  was a l so  provided. An overview o f  a l l  ATA 

operat ions i s  g iven i n  Sect ion 4, and areas where add i t i ona l  t r a i n i n g  i s  

requ i red  are discussed i n  the app l i cab le  sect ions.  

3.1.3 GSE Evaluat ion 

The o ther  key purpose of the ATA t e s t  was c e r t i f i c a t i o n  o f  the GSE t o  be 

used f o r  f l  i y h t  segment inspec t ion  and s tack ing.  Whereas t h i s  sec t ion  

b r i e f l y  h i g h l i g h t s  the r e s u l t s ,  d e t a i l e d  GSE eva lua t ion  i s  i n  Sect ion 7.1. 

3.1.3.1 Assembly/Alignment GSE. 

a. Alignment P in  K i t  (H774438)--The al ignment p i ns  were used f o r  the 

f i r s t  f u l l  mate. P r i o r  t o  j o i n t  separat ion,  one p i n  cou ld  no t  be 

re i nse r t ed  a t  0  deg. A f te r  a  0.0005 i n .  p i n  diameter reduct ion,  the 

8U52624 p i n  k i t  i s  c e r t i f i e d  f o r  use on f l i g h t  segments. 

REVISION - 
88942 -4.3 



MORTON THIOKOL. IWC 
Space Operations 

- lnsertlon 
Direction 

0.72 in. 2.6 in. 
Premate 

Out-of-Level 
Within 

0.035 in. 
I I I 

2 3 4 
Vertical Position (in.) 

F i g u r e  3-1. F l i g h t  Segment Para1 l e l  ism ( l e v e l n e s s )  Versus P o s i t i o n  

REVISION - DOC NO. TWR- 16829 WL 

8EC mot 1 1  
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Insertion 
Direction 

2 3 4 
Vertical Position (in.) 

F i g u r e  3-2 .  F l i g h t  Segment I n s e r t i o ~ i  R a t e  Versus P o s i t i o n  

DOC NO TwR-1682;r*OL I VOL , 
StC 
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b. F i e l d  J o i n t  Assembly F i x t u r e  (H77-0442 F3AF)--The ATA t e s t s  v e r i f i e d  

the FJAF j o i n t  shim thicknesses were s u f f i c i e n t  t o  compensate fo r  the 

r d t che t i ng  e f f ec t s  o f  the tang and c l e v i s .  Shin1 thickness ca l cu l a t i ons  

were a l so  completed f o r  the  STS-26 s tack ing.  Continued eva lua t ion  i s  

being done on t h i s  FJAF shim c a l c u l a t i o n  process, and i s  documented i n  

TWR-18067. The 7U75170 FJAF i s  c e r t i f i e d  f o r  use on f l i g h t  segments. 

c. J o i n t  Measuring F i x t u re  (A77-0448 s ine bar) - -Th is  GSE was used ex tens ive ly  

t o  determine segment shape. A1 1 changes i n  segment snape, due t o  load 

v a r i a t i o n  on the a f t  center  segment, were readi  l y  apparent. Use o f  the 

8U75901 t o o l  dur ing the t e s t  c e r t i f y  i t  f o r  use on f l i g h t  segments. 

d. Ve r t i ca l  Separation F i x t u r e  (H77-0451)--This f i x t u r e  was used t o  

separate the segments a f t e r  the d ry  mdte. Separation was e r r a t i c  and 

uneven p r i m d r i l y  due t o  lack  of operator  t r a i n i n g .  Due t o  r i s k  o f  

segment damage, no j o i n t  separat ion should be attempted w i thou t  the 

VSF. Improvements t o  the f i x t u r e  a re  being made p r i o r  t o  use on any 

f 1  i g h t  contingency aes tack ing  operat ion.  With these changes, the 

7U52818 YSF i s  c e r t i f i e d  f o r  use on f l i g h t  segments. 

e. Leak Test System (C77-0457)--A leak check was performed on the segment 

j o i r ~ t  dur ing the dry  mate t o  v e r i f y  both the leak check procedure a ~ l d  

equipment use. No i n s u l a t i o n  incompat ib i  1  i t y  w i t h  the leak t e s t  method 

was found. Although hardware and software problems w i t h  the equipment 

were discovered, they were resolved and the j o i n t  seals passed the  t e s t  

w i t h  ample margin. The 8U75902 system i s  c e r t i f i e d  f o r  f l i g h t  segment 

use. 

f. Assembly Ins t rumentat ion (C77-0487) --The assembly ins t rumentat ion 

evaluated dur ing ATA cons is ts  o f  f ou r  temposonic he igh t  gages, the 

4-po in t  l i f t i n g  beam, and the hydraset. The 8U75919 temposonic gages, 

located 90 deg apar t  on the vo to r ,  were used t o  determine segment 

r e l d t i v e  p o s i t i o n  and ou t -o f -para l le l i sm.  Redl-t ime d i sp l ay  of t h i s  

in fo rmat i cn  has extreniely b e n e f i c i a l  du r ing  mate/demate operat ions.  

Fine segment movement con t ro l  wss accomplished by us ing the 

hydraset r a the r  than movement o f  the crane block.  Segment beamload 



d i s t r i b u t i o n  load was dd justed w i t h  the 4-po in t  l i f t i n g  beam. More 

shaping t e s t s  are needed, however, before a complete understanding of 

the shaping phenomena i s  understood and confidence can be placed i n  a 

shaping ana lys is  model. Segment shaping i s  discussed i n  Sect ion 7.1. 

3.1.3.2 Nondestruct ive Evaluat ion (NDE) GSE 

a. Mechanical Case-to-Insulat ion Bond1 i ne Inspec t ion  K i t  (C77-0475)--An a i  .- 
load inspec t ion  was performed on the a f t  center  segment c l e v i s .  T' 

t o o l  was no t  used on any tang sur fdce dur ing  ATA, bu t  was used on 

segment tangs. The 2U129799 t o o l  i s  q u a l i f i e d  fo r  use on f l i g h t  S I  S. 

b. U l t rason ic  Cdse-to-Insulat ion Bondline Inspec t ion  K i t  (C77-0479)-- 

U l t rason ic  inspect ions were performed on the  segment tang and c l e v i s  ends 

dur ing ATA. No c a l i b r d t i o n  standard was a v a i l a b l e  f o r  the tang inspec t ion  

(one has since been obtained).  K i t  use dur ing  ATA, as w e l l  as on DK-S 

segments, q u a l i f ]  the 2U129431 t o o l  f o r  use on f l i g h t  segments. 

c. J o i n t  I n s u l a t i o n  P r o f i l e  Clebsuring K i t  (C77-0481 J-seal  p ro f i l e ) - -The  

requi red inspec t ion  t ime averaged about 18 hr ,  w i t h  two t o o l s  being used. 

Some areas o f  improvement were i d e n t i f i e d  al though no s i g n i f i c a n t  inspec- 

t i o n  t ime reduct ion i s  foreseen. The 2U129541 ;uol i s  c e r t i f i e d  f o r  

f l i g h t  segments. 

d. J-seal Terminus Inspec t ion  System (C77-0485)--The 2U129578 t o o l  was 

used on the a f t  center  segment tang i n s u l a t i o n  and i s  c e r t i f i e d  f o r  use 

on f l i g h t  segments. 

e.  Slun~p Measuring Tool (C77-0488)--Sl ump measurements were taken p r i o r  t o  

and a f t e r  the ATA tes t .  A g rea te r  than expected p rope l l an t  modulus was 

ca lcu la ted  based on the measured ATA slump resu 1 t s .  Complete p w p e l  l a r ~ t  

eva lua t ion  i s  contained i n  Sect ion 7.4. The 8U75?13 t o o l  was c e r t i f i e d  

f o r  use on f l i g h t  segments. 

3.1.3.3 GSE Not C e r t i f i e d  D u r i n ~  ATA 

d .  P in  Reta in ing Wedge K i t  (A77-0524) 

b. Auxi 1 i a r y  Shaping Tool (C77-0451) 
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c. Comparator (A77-0477) 

d .  J -sea l  Bond1 i n e  I n s p e c t i o n  Tool (C77-0484) 

A summary o f  conc lus ions,  as they  r e l a t e  t o  the  G&V Plan (TWR-15723) ob jec -  

t i v e s  and the  Con t rac t  End I tem Z p e c i f i c a t i o n s  (CEI S p e c i f i c a t i o n s ,  CPW1- 

3600A, d?ted 3 August 19871, i s  s t a t e d  below. The s e c t i o n  where the  r r s u l  t s  

a r e  d iscussed i n  d e t a i l  i s  a l s o  l i s t e d .  

OBJECTIVE/CEI SI-ICIFICATION 

Q u a l i f i c a t i o n  Ob jec t i ves :  

O b j e c t i v e  A - - C e r t i f y  assembly/ 
disassembly o f  RSRM segments i s  
p o s s i b l e  i n  the  v e r t i c a l  p o s i t i o n  
i n  accordance w i t h  Assembly/ 
Disassembly of Segments, as s p e c i f i e d  
i n  CPW1-3600 P,,.a 3.2.5.1 and Para 
3.2.5.2.f. 

Cert i f ied--RSRM segment assembly/ 
d isassembly i s  p o s s i b l e  i n  the 
v e r t i c a l  p o s i t i o n .  Sect ion  4. 

Paragraph 3.2.5.1 
Assembly/Di sassembly o f  segments. 

Cer t i f i ed - -The  segment a1 ignment 
c r i  t e r i  a o f  document USBI - 10183. 3022 
was met. 

Para 3.2.5.2.f - C e r t i f i e d  -- 
O b j e c t i v e  B - - C e r t i f y  the  u s e  has d 
p i n  r e t m t i o r ~  dev ice  i n  accordance 
w i t h  Case Para 3.2.1.3.9 o f  CPW1-3600 

Not C e r t i f i e d - - N o  case p i n  r e t e t t t i o n  
dev ice  was gsed du- ing the  ATA t e s t .  

Not C e r t i f i e d  

Ob e c t i v e  C - - C e r t i f y  e x i s t i n g  spares -L--a storage an maintenance f a c i  1 i t i e s  
a r e  used t o  the  maximum e x t e r ~ c  
p o s s i b l e  i n  accordance w i t h  F a c i l i t i e s  
ana F a c i l i t y  Equipment Para 3.4.3 o f  
CPW1-3600 

P a r t i a l l y  Cer i f i ed - -No  spdres s torage 
o f  segments was done d u r i n g  ATA. 
A l l  maintenance f u n c t i o n s  were p e r -  
formed u s i n g  t h e  e x i s t i n g  f a c i l i t i e s .  
Sec t i on  4. 

Para 3.4.3 - P a r t i a l  l y  C e r t i f i e d  

Ob ' r c t i v e  D - - C e r t i f y  t h a t  the des ign 
l ? - a -  as cons1 ered tasks  t o  be accom- 
p l i s h e d  by opera t i ng ,  t e s t ,  and main- 
tenance personnel  i n c l u d i n g  cons idera-  
t i o r i s  f o r  s a f e t y ,  access ib i  1  i ty, 
c r i t i c a l  tasks,  complex i ty ,  a I 
necess i t y  f o r  t r a i n i n g .  

C e r t i  f ied- -The ATA des ign i m s i d e r e d  - 
a m c a b l e  personnel  tasks .  
Sec t i on  4. 
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Ob ' e c t i v e  E--Cert i  f y  use and opera t ing  
-!%I--- proce ures o f  the fo l l ow ing  GSE: 

a. P i n  Reta in ing Wed e  K i t  
(A77-0424/8U75930! 

Not C e r t i f i e d - - S e c t i o n  7.1.3 a  

Al ignment P i n  K i t  
(H77-0438/8U52624) 
F i e l d  J o i n t  Assembly F i x t u r e  
(H77-0442/7U75170) 
J a i n t  Measuring F i x t u r e  
( s i n e  ba r )  (A77-0448/8U75901) 
V e r t i c a l  Disassembly (Separat ion) 
F i x t u r e  (VSF) (H77-0451/7U52919) 
Leak Check System 
(C77-0457jW75902) 
Auxi 1  i a r y  >haping Tool 
(H77-9451/8U75500) 
Mechanical i a s e - t o - I n s u l a i ' m  
Bond1 i ne Inspec t ion  K i t  
(C77-0475/2U129799) 
Comparator (A77-0477/8U75903) 
U l t r a s o n i c  Case-to I n s u l a t i o n  
bond l ine Inspec t ion  K i t  
(C77-0479/2U129431) 
J c i n t  I n s u l a t i o n  P r o f i l e  
Keasuring K i t  (C77-0481/2~129541) 
J-sea? Terminus Inspec t ion  
Sys tern (C77-0485/2U129528) 
J-seal  Bondl ine 11,-pection Tool 
(C77-0484/8U76225) 

C e r t i f i e d - - S e c t i o n  7.1.3 b  

C e r t i f i e d - - S e c t i o n  7.1.3 c  

C e r t i f i e d - - S e c t i o n  7.1.3 d  

C e r t i f i e d - - S e c t i o n  7.1.3 e 

C e r t i f i e d - - S e c t i o n  7.1.3 f - 
Not C e r t i f i e d - - S e c t i o n  7.1.3 g  

C e r t i f i e d - - S e c t i o n  7.1.3 h  

Not C e r t i f i e d - - S e c t i o n  7.1.3 i 
t e r t i f i e d - - S e c t i o n  -- 7.1.3 j 

C e r t i f i e d - - S e c t i o n  7.1.3 k -- 
C e r t i f i e d - - S e c t i o n  7.1.3 1  

Not Cer t i f i ed - -Sec t ion  7.1.3 m - 
n. A,,mbly lns t rurnenta t ion Cer t i f i ed - -Sec t ion  7.1.3 n  -- 

(C77-0487/8U75923) 
o .  Slump Measuring Tool C e r t i f i e d - - S e c t i o n  7.1.3 o  

(C77-0488) 

0b~ec t . i  ve F- -Cer t i  t y  t h a t  the leak - C e r t i f i e d - - S e c t i o n  7.1.3 f and 
t e s t  methud i s  compatible w i t h  the  Sect ion 7.3. 
f i e l d  j o i n t  seals,  Para 3.2.1.8.1.1.b) 

Para 3.2.1.8.1.1.b C e r t i f i e d  

Objec t ive  G- -Cer t i f y  t h a t  the f i e l d  C e r t i f i e d - - P o s t - t e s t  i nspec t ions  1 

j o i n t  i t i s u l a t i ~ n  c o n f i g u r a t i o n  w i  1  i v e r i f i e d  s t r u c t u r a l  i n t e g r i t y  was :. 
r: 

ensure t h a t  system performance and maintained. Sect ion 7.3.3. 
s t r u c t u r a l  i n t e g r i t y  i s  main ta ined 
du r ing  the assembly process. (Para 
3.2.1.8.1.1.c) 
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Para 3.2.1.8.1.1.c - C e r t i f i e d  

Ob'ectfves H- -Cer t i f y  t h a t  the  f i e l d  Cert i f ied--No f ib rous  o r  p a r t i c u l a t e  + j o ~ n t  ~ n s u  a t i o n  does no t  shed -ran the i n s u l a t i o n )  was 
f ibrous o r  p a r t i c u l a t e  mat ter  dur ing  detected. Sect ion 7.3.3. 
assembly which could  p r e v e n ~  seal i n g  . 
(Para 3.2.1.8.1.1.f) 

Para 3.2.1.8.1.1.f 
7 

C e r t i f i e d  -- 
0 ~ ' e c t i v e  I - - C e r t i f y  t h a t  the f i e l d  + C e r t i  fied--Segment demati ng caused 
j o i n t  i nsu  a t i o n  w i l l  pe rmi t  p r e f l i g h t  no i n s u l a t i o n  damage. Sect ion 7.3.3. 
demating. This s h a l l  no t  preclude 
i n s u l a t i o n  damage. (Para 3.2.1.8.1.1.h) 

Para 3.2.1.8.1.1.h - C e r t i f i e d  

Object ive J - -Ce r t i f y  t h a t  contamina- P a r t i a l l y  Cer t i f ied- -The environ- 
t i o n  i s  c o n t r o l l e d  t o  assure system mental contaminat ion enclosure worked 
safety ,  performance, and re1  i a b i  1 i t y .  p a r t i a l l y ,  bu t  a d d i t i o n a l  improve- 
(Para 3.3.9) ments must be made. Sect ion 7.3.3.6. 

Para 3.3.9 - P a r t i a l l y  C e r t i f i e d  - 
DEVELOPMENTAL OBJECTIVES 

Ob ' e c t i  ve K--Determi ne mateldemate P a r t i a l l y  Completed--More eva lua t ion  
h a r d w a r e  and GSE ( i n c l u d i n g  i s  requi  red o n t h e A T A  determined 
bondl ine s t r ess )  (Para 3.3.6.1.1.2. b )  loads. No bond1 i n e  s t ress  was 

wasured. Sect ion 7.2.3.2. 

Para 3.3.6.1.1.2.b - P a r t i a l  l y  C e r t i f i e d  

Object ive ?--Evaluate basel ine j o i n t  P a r t i a l l y  Completed--Insulation 
c o n f i g u r a t i ~ n  f i t  dur ing  and a f t e r  eva lua t ion  was very c lose t o  pre-  
mate. d i c t e d  analys is .  Sect ion 7.3.3. 

Tang and c l  e v i  s measurerrents were 
on ly  taken dur ing  the f u l l  mate. 
Sect ion 7.2.3.6. 

Ob'ect ive M--Gather ac tua l  data f o r  P a r t i a l l y  Completed--Data f o r  was 
*conpari son. gathered f o r  b o t 5 7 h e  case hardware 

(Sect ion 7.2) anci GSE (Sect ion 7.1). 
No bond? i ne  s t ress  loads were 
measured. 

Object ive N--Provi Je f o r  crew 
t r a i n i n g .  

P a r t i a l  l y  Completed--Crew t r a i n i n g  
was provided, however, add i t i ona l  
crew' t r a i n i n g  must be-prov ided t o  
f u l l y  s a t i s f y  t h i s  ob jec t i ve .  
Sect ion 4. 
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Object ive 0-Establ ish t ime l ines  f o r  
maintenance/replacement funct ions 
o f  case segments. 

P a r t i a l  l y  Completed--Some maintenance 
func t ions  were es tab l  ished. No 
rep1 acement funct ions were 
performed. Sect ion 4. 

Ob ' ec t i ve  P--Val i d a t e  procedures 
assernblyldi sassembly and h m l -  

hand1 i ng . 
Corn leted--The RSRM assembly/ -5 disassem l y  and handl ing procedures 
a c t u a l l y  used dur ing  ATA were 
va l idated.  Sect ion 4. 

3.3 RECOMMENDAT IONS 

Numerous improvements t o  the equipment and procedural  changes were recom- 

mended as a r e s u l t  of the ATA t e s t .  They a re  o u t l i n e d  below, c l a s s i f i e d  

according t o  sect ion.  

3.3.1 GSE Recommendations 

Detai 1s o f  the GSE eva lua t ion  are discussed i n  Sect ion 7.1 the recommenda- 

t i o n  from t h a t  sec t ion  are summarized below. 

3.3.1.1 Alignment P in  K i t .  

a. The al ignment index p i n  diameters should be reduced 0.0005 inch. 

b. An al ignment p i n  to lerance study should be performed t o  determine why 

the O-deg p i n  could no t  be i nse r t ed  dur i l l g  the d ry  mate. 

c. The sho r t  index al ignment p i ns  should be deleted. 

3.3.1.2 F i e l d  J o i n t  Assembly F i x t u r e  (FJAF). 

A premate bearhug eva lua t ion  should be perfor.ned on each j o i n t  du r ing  

the STS-26 stacking. Simi l a r  bearhuggi ng measurements should a l so  be 

performed the  f i r j t  time the 8U5686 FJAF i s  used f o r  f l i g h t  segment 

s tack ing.  

The 7U75170 FJAF should be l i g h t l y  sanded t o  e l im ina te  any t e f l o n  pee l ing  

due t o  overspray, and a1 1 exposed surfaces coated w i t h  HD-2 grease 

t o  avo id  cor ros ion wh i le  no t  i n  use. 

The p o i n t  edge by the tang shauld be feathered t o  avo id  adverse 

in te r fe rence  dur ing pa i  nt/FJAF guide b lock engagement. 
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Recomnended changes t o  be made on t he  81175686 FJAF, which w i l l  rep lace 

the  7U inc lude:  

d. Increased FJAF back thickness dimensions: minimum dimension 0.377 t o  

0.407 in., maximum 0.440 t o  0.460 inch. 

e. J o i n t  shim to lerance changed from +0.010 t o  +0.001 inch. 

f. FJAF p inho le  s i ze  changed from 1.50 i n .  t o  1.25 icch. 

g. A t h i r d  se t  o f  handles be added t o  a l l ow  a t h i r d  person he lp  w i t h  the 

sec t ion  hand1 i ng . 
3.3.1.3 V e r t i c a l  Separation F i x t u r e  (VSF). Add i t i ona l  t r a i n i n g  f o r  the  

VSF operat ion i s  needed, as i t  i s  f e l t  l a ck  o f  operator  t r a i n i n g  was the  

pr imary cause f o r  the e r r a t i c  separat ion dur ing  the f i r s t  f u l l  ( d r y )  mate. 

No segment separat ion o r  demate shoula be attempted w i thou t  the use o f  the 

VSF t o  insure  no damage t o  the segment. I n  a d d i t i o n  t o  crew t r a i n i n g ,  

o ther  recommended changes are:  

a. Hydrau l ic  c a r t  s i ze  reduc t ion  t o  improve work p l a t f o rm  l e v e l  

a c c e s s i b i l i t y .  

b. Hydraul i c  hose lengthening f o r  operdt iona l  ease. 

c .  Main con t ro l  valve s e n s i t i v i t y  reduct ion,  t o  reduce the chance o f  

operator  e r ro r .  

d. E l im ina t i on  o f  the LVDTs on the VSF cy l inders .  

e. The main pressure gage readout sca le  should be replaced w i t h  one t h a t  

i s  scaled f o r  easy r e a d a b i l i t y  i n  the sens i t i ve  operat ing range. 

3.3.1.4 - J o i n t  Measuring F i x t u r e  - (s i ne  ba r ) .  Recommended improventents are:  

a. The guide f i nge rs  should be mod i f ied  t o  more r e a d i l y  insure  pro,.er 

p:acement dur ing use. 

b. An aud ib le  alarm t o  a l e r t  the operator  i f  an LVDT reading goes ou t  

o f  range should be included. 

c. AdJi t i o n a l  operator  t r a i n i n g ,  i n c l u d i n g  general personal computer 

f a m i l i a r i t y  and s p e c i f i c s  r e l a t i n g  t o  the s ine  bar  softwhre. 
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d. A  copy o f  a l l  f u t u r e  p l o t s  and/or p r i n t o u t s  made a r e  t o  be i n c l u d e d  

i n  t h e  OM! d u r i n g  regnlent s tack ing .  

3.3.1.5 -- Assembly I n s t r u m e n t a t i o n  -- (temposonics, hydraset ,  4 - p o i n t  l i f t i n g  

beam) . 
a. A d d i t i o n a l  ope ra to r  t r a i n i n g  on t h e  hydraset  i s  recommended, t o  i h p r o v e  

awareness o f  t he  low movement r a t e s  r e q u i r e d  f o r  mate/demate opera t i ons .  

b. The 4 -po in t  l ~ f t i n g  beam load  p i n  data  should be i nco rpo ra ted  i n t o  the  

same da td  a c q u i s i t i o n  system as t h e  temposonics. Tht ieasi,>> l i t y  o f  

i r c l ~ r d i n g  t h e  hydraset  da ta  as w e l l  should a l s o  be a s s e s a d .  

c. Maae i n v e s t i g a t i o n  i n t o  segment mateldemate loads shou ld  be acconrpl ished.  

G2od c o r r e l a t i o n  betwee11 hydraset ,  l oad  p in ,  and segrnent r e l a t i v e  

p o s i t i o n  should be e s t a b l i s h e d  i n  o r d e r  t o  more f u l l y  understand 

c r i t i c a l  areas. 

3.3.1. € Segrnen t Shaping Tests.  

a. I t  i s  s t r m g l y  recommended more segment shaping data  be analyzed du r ing  

f l i g h t  s t a c k i r ~ g ,  t o  en la rge  the  data  base and a i d  i n  ref inement o f  t h e  

segment shaping model. 

3.3.1.7 Leak Test  System. Recommended improvements made t o  the  system s re :  

a. A to rque l i m i t i n g  r a t c h e t  type v a l v e  handle w i l l  be used t o  a v o i d  

o v e r t i g h t e n i n g .  

b. F lex  l i n e s  w i l l  r ep lace  the  c u r r e n t l y  used ha rd  tub ing ,  i f  i t  i s  v e r i -  

f i e d  the  f l e x  l i n e  volumes do n o t  change w i t h  p r e s s u r i z a t i o n  (adverse ly  

e f f e c t i n g  leak  r a t e  c a l c u l a t i o n s ) .  

c .  Softwar,. changes t o  a l l o w  t h e  ope) a t o r  t o  s t a r t  and e r ~ d  the  va r ious  

t e s t  sequences d re  be ing  made, a  1  lowing v e r i f i c a t i o n  o f  p roper  equip-  

ment f u n c t i o n a l i t y  p r i o r  t o  measurerent. Updates a r e  a l s o  be ing  made 

t o  d i s p l a y  measured values as they  a r e  acqu i red,  and whet1 the  l eak  

check process i s  complete, a  f i n a l  sumnary w i l l  be p r i n t e d  f o r  review. 

d. A d d i t i o n a l  p rocedura l  t r a i n i n g  i n  the  l eak  check s o l u t i o n  a p p l i c a t i o n  

technique,  t o  a v o i d  s o l u t i o n  contaminat ion  and c o r r o s i o n  of  t he  meta l  

p a r t s  i s  needed. 
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e. An e v ~ l ! i a t i o n  o f  the leak check sequence and t im ing  i s  be ing perforn~ed 

t o  e l im ina te  the negat ive ledk r esu l t s .  This i s  c u r r e n t l y  under 

considerat ion;  a1 1 approved changes w i  11 be incorporated i n t o  the 

app l i cab le  paperwork. 

3.3.1.8 Mechanical Case-to-Insulat ion Bondl ine Inspect ion K i t  ( a i r  load 

t es t ) .  Procedural and phys ica l  changes recommended are:  

a. An intercom system between operators should be used dur ing  operat ion 

(excessive a i r  f l ow no ise prevents normal t a l k i n g ) .  

b. Support should be added t o  the v ideo and a i r  l i n e s  t o  prevent  to rqu ing  

o f  the probe 'guide block.  

c. Any grease l e f t  on the i nne r  c l e v i s  l eg  must be cleaned p r i o r  t o  t o o l  

use. I f  not ,  grease w i l l  be b l o h ~  i n t o  the unbond, and created 

s i g n i f i c a n t  grease removal and unbond r e p d i r  problem. 

3.3.1.9 U l t rason ic  Case-to-Insulat ion --- Bondline Insgec t ion  K i t .  Recommenda- 

t i ons  are:  

a. A second magnetic t r ack  should be procured t o  s i g n i f i c a n t l y  reduce 

inspec t ion  operdt ion time. 

b. The t e s t  system i s  d e l i c a t e  and should no t  be moved more than abso- 

l u t e l y  necessary. A permanent l o c a t i o n  should be se lected where the 

equipment can be kept,  then moved on l y  when necessary. 

3.3.1.10 --- J o i n t  I n s u l a t i o n  P r o f i l e  Measuring K i t  (3-seal  p r o f i l e ) .  Tool 

operat ion t ime i s  lengthy and d i f f i c u l t  and could  poss ib ly  be improved 

w i t h  the use o f  another t o o l .  Improvements t o  be made on the t o o l  inc lude:  

a. Attachment t o  each end o f  the  p rope l l an t  slump t oo l .  

b. Use o f  g lass scales and LVDTs. 

c. Long-range p lanning i s  a lso  i n  e f f e c t  f o r  an auto- laser  p r o f i l e  t o o l .  

3.3.1.11 J-seal  Terminus Inspec t ion  System ( f i b e r  o p t i c s ) .  Recomnended 

improvements dre: 

a. Reduce the cur re t i t  wand w id th  t o  a l l ow  eas ie r  l a t e r a l  nrovement w i t h i n  

the J-seal .  
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b. Dead end the  f i b e r  o p t i c  cab le  t o  camera connect ion t o  prevent r o ta t i on .  

c. O f f  1 i n e  computer enhancement and cha rac te r i za t i on  should be used t o  

f u r t he r  eva luate fu ture inspec t ion  r e s u l t s .  If t h i s  cannot be done, 

a leader  should be produced on t he  i nspec t i on  tape t o  exp la i n  t he  

irrrages. 

3.3.1.12 Prope l lan t  Slump Measuring Tool. Improved t o o l  use could  be 

imp1 emen t ed  by: 

a. Incorpora t ion  of a computer data system i n  p lace of the data logger. 

b. A l i g h t e r  bu t  s t i f f e r  beam (as the cu r ren t  bearn weighs about 150 l b ) .  

c. A l l  data p r i n t o u t s  i n  the  f u t u r e  w i l l  be inc luded immediately i n  the 

OM1 . 
3.3.2 S t ruc tu ra l  Recommendations 

Recommendations from the s t r uc tu res  sec t ion  no t  inc luded i n  the above GSE 

sec t ion  are: 

a. O-ring packaging improvements should be made t o  ensure O-r ing in teg-  

r i t y  upon a r r i v a l  and i n s t a l l a t i o n  on f l i g h t  segments. This inc ludes 

de ta i  l ed  inspec t ion  a t  Space Operations, double bagging and hard 

packaging, and on ly  a grease inspec t ion  a t  KSC p r i o r  t o  i n s t a l l a t i o n .  

b. Improved measurement techniques should be determined f o r  i n t e r f e rence  

f i t  ca l cu l a t i ons ,  as t he  ATA se2ments were no t  measured us ing the new 

basel ine p rec i s i on  measuring device (PMD). 

3.3.3 I n s u l a t i o n  Recommendations 

I n s u l a t i o n  design recommendations were made f o l l o w i n g  eva lua t ion  o f  the 

ATA t e s t  and review of  the procedures as contained i n  the OMI .  Recomnenda- 

t i o n s  r e l a t i n g  t o  s p e c i f i c a t i o n  and OM1 changes a re  no t  l i s t e d  below, bu t  

a re  inc luded i n  Sect ion 7.3. 

Other recommendations are: 

a .  No tape be app l ied  t o  the J - j o i n t  c r i t i c a l  bonding surface. 

b. An inspec t ion  f o r  tape residues be performed and residues renloved p r i o r  

t o  any j o i n t  abrasion operdt ion.  

DOCNO TWR- 16829 ML - 
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The 3 - j o i n t  surface be inspected f o r  proturbances ( e s p e c i a l l y  the 

tang I D  t i p  where the  mold t o o l  sprue holes a re  located)  p r i o r  t o  

any abrasion process. Note these areas and inspec t  again a f t e r  the 

abrasion t o  v e r i f y  removal. 

Thoroughly c lean a l l  t rans fe r  powder of f  o f  the segment j o i n t  and 

i n h i b i t o r  surfaces f o l  lowing any d ry  f i t  operat ion.  

Inspect  f o r  minute abrasion products fo l l ow ing  any abrasion and 

c leaning process, t o  conf i rm no adhesive o r  j o i n t  contamination. 

Establ  i s h  a un i fo rm and accurate case i n s u l a t i o n  unbond inspec t ion  

and documer~tation method. 

Improve the  environment enclosure as discussed i n  Sect ion 7.3. 

Black1 i g h t  i nspec t ion  and grease removal f ron the J - j o i n t  surfaces be 

accomplished p r i o r  t o  adhesive app l i ca t i on .  

The j o i n t  assembly sequence as discussed i n  Sect ion 7.3 should be used 

f o r  f l i g h t  segment assembly. 

3.3.4 Prope l lan t  and Adhesive S t ruc tu res  Recommendations 

More p rope l l an t  slump measurements, on 1 i v e  segments should be made i n  

o rder  t o  broaden the data base and f u r t he r  r e f i n e  the modulus ana lys is  

model . 
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4 .1  PREMATE PREPARATIONS 

4 

TEST PROCESS DESCRIPTION 

Both ATA segments were shipped t o  KSC by r a i l  i n  e a r l y  November 1987. On 

11 Nov 1987, the  a f t  segment was broken over and mated t o  t he  a f t  s k i r t  i n  

the  r o t a t i o n a l  processing and surge f a c i l i t y  (RPSF), the  l a s t  p i n  be ing 
i n s t a l  l e d  about 0900 h r .  S t i f f e n e r  r i n g  i n s t a l  l a t i o n  was completed dur ing  

the  nex t  two days. Out-o f - leve l  problems w i t h  t he  ETA r i n g  were encountered 

dur ing  r i n g  i n s t a l l a t i o n  on the  13 Nov 1987. The r i n g  lugs were re loca ted  
and the turnbuckles were readjusted i n  order  t o  improve r i n g  weight balance. 

Ring i n s t a l l a t i o n  continued and was completed e a r l y  on t he  14 Nov 1987. The 

s t r a i n  gage readings on the ETA r i n g  dur ing  i n s t a l  l a t i o n  were recorded and 

evaluated by USBI. No s i g n i f i c a n t  r i n g  s t r a i n s  were measured dur ing  che 

i n s t a l  l a t i o n  process. Sine hap, o r  roundness measurements were a lso  made on 

the  a f t  segment a t  t h i s  t ime. The a f t  segment was found t o  be very round. 

Possible reasons f o r  t h i s  roundness inc lude  use of a  360-deg ETA r i n g ,  and 

use o f  a  f i x e d  cover p l a t e  ins tead  o f  an ac tua l  nozzle. A complete evalua- 

t i o n  o f  the  s ine  bar performance dur ing  the  ATA t e s t  i s  discussed i n  

Sect ion 7.1.3. 

On 16 Nov 1987 the  a f t  segment was softmated t o  the  MLP holddown posts.  

A f t e r  eva lua t ing  the  load d i s t r i b u t i o n  from the  holddown pos t  s t r a i n  gages, 

i t  was determined there  was a t  l e a s t  a  20 percent  d i f f e rence  i n  the  load  

d i s t r i b u t i o n  on the f ou r  posts.  The segment was removed, and the  posts  

were then reshimmed t o  more evenly d i s t r i b u t e  the  segment load. The next  

day, when t he  a f t  segment was rese t  on the  posts,  erroneous s t r a i n  outputs  

(negat ive X-axis readouts) wer2 s t i  11 present.  F i na l  eva lua t ion  r e s u l t s  
o f  the holddown post  loads dur ing  the  ATA mat ing t e s t s  were inconc lus ive.  

Uur i  ng the next few d a y  numerous u l t r a s o n i c  i nspect i  ons , propel  1  an t  

slump readings, p i  tape measurements, and i n s u l a t i o n  repa i  r and p r o f  i l e  

eva luat ions were made on bo th  segments. h i l e  the  MLP posts were be ing 

REVISION - 
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reshimmed, measurements were performed on t he  a f t  center  segment i n  the  

RPSF. A f t e r  a f t  segment r e i  n s t a l  l a t i o n  and ho l  ddown pos t  torqu ing,  i n s u l  a- 
t i o n  r e p a i r  work was done on the  a f t  segment where some i n t e r n a l  instrumen- 

t a t i o n  (bondl ine s t ress )  had been removed p r i o r  t o  shipment from Space 

Operations. C lev is  p r o f i l e  data were a lso  gathered a t  t h i s  t ime. The 
r e s u l t s  o f  these inspect ions,  and eva lua t ion  o f  the  GSE equipment used 
dur ing  these inspect ions i s  discussed i n  Sections 7.3 and 7.1, respec t i ve ly .  

A f t e r  the a f t  center  segment was moved t o  the VAB t r a n s f e r  a i s l e  on 

2 1  Nov 1987, simultaneous ins t rumenta t ion  i n s t a l  l a t i o n  commenced on both 

segments. Various problems were encountered dur ing  the  ins t rumentat ion 

i n s t a l  1  a t i  on process. Deta i  1  s  o f  the o v e r a l l  ins t rumentat ion performance 

and gage problems and de le t i ons  a re  documented i n  Sect ion 5. Instrumen- 
t a t i o n  i n s t a l  l a t i o n  f o r  bo th  segments was completed 24 Nov 1987. 

The 7U75170 FJAF was i n s t a l l e d  on the a f t  segment c l e v i s  on 30 Nov 1987. 
Dur ing the  next fou r  days a  t o t a l  o f  th ree  FJAF bearhugs were performed t o  

eva luate the  c l e v i s  l eg  movements dur ing  FJAF to rqu ing ,  v e r i f y  t he  i n s t r u -  

mentat ion s e n s i t i v i t y ,  eva luate the  ca l cu l a ted  FJAF shim thicknesses, and 

prepare f o r  the  f i r s t  p a r t i a l  mate. A complete eva lua t ion  o f  the 7U75170 

FJAF performance dur ing  the ATA t e s t ,  and the recommended improve~ents  f o r  

the  8U75686 FJAF, are contained i n  Sect ion 7.1.3. 

Whi 1  e  the  above mentioned FJAF eval  uat ions were being accompl i shed on 

the  a f t  segment c l e v i s ,  the a f t  center  segment tang was being shaped wh i le  

suspended i n  the  t r a n s f e r  a i s l e .  Segment reshaping i s  done by r e d i s t r i b u -  

t i o n  c f  the  load o f  the 4 -po in t  l i f t i n g  beam. An eva lua t ion  o f  the  segment 
shaping r e s u l t s  from the ATA t e s t ,  as we1 1  as the  recommendations f o r  

segment shaping dur ing  f l i  , I ,  stack ing,  i s  contained i n  Sect ion 7.1.3. It 

i s  noted here t h a t  w i t h  t h i s  p a r t i c u l a r  a f t  center  segment, the  c l oses t  

shape match t o  the  a f t  segment was a t t a i ned  w i t h  a  2 -po in t  load ing pro-  

f i l e ,  o r  when the segment weight was almost e n t i r e l y  suspended from the  
90- t o  270-deg ax i s  po in ts .  
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4.2 FIRST PARTIAL MATE 

The f i r s t  p a r t i a l  mate was s t a r t e d  3 Dec 1987 a t  approximately 2000 hr .  

According t o  s ine  bar  data, the  g rea tes t  out-of-round v a r i a t i o n  between 
t he  tang and c l e v i s  was 9.055 i n .  a t  any r a d i a l  p o i n t  p r i o r  t o  mating. 

An over lay  o f  the tang and c l e v i s  shapes p r i o r  t o  the  f i r s t  p a r t i a l  mate 
can be seen i n  F igure 4-1. The lower ing r a t e  and segment ou t -o f - pa ra l l e l i sm  

f o r  t h i s  mat ing sequence can be seen i n  Figures 4-2 and 4-3. Between Poin ts  

A and B i n  both p l o t s ,  t he  segment was lowered a t  an approximate r a t e  o f  

0.08 in./min. A t  Po in t  B, a t  the  4 .4- in .  p o s i t i o n ,  i n i t i a l  tang engage- 

ment w i t h  tne FJAF guide blocks occurred. A t  Po in t  C, t he  90-deg l o c a t i o n  

lagged t he  270-deg l o c a t i o n  i n s e r t i o n  p o s i t i o n  by 0.19 in .  , the maximum 

out-of-para1 l e l i s m  value reached dur ing  t h i s  p a r t  mating sequence. A t  

Po in t  D, t he  e n t i r e  tang edge had moved below the  FJAF guide b lock  ramps, 

and the  segment had reor ien ted  i t s e l f  t o  a near l e v e l  p d s i t i o n .  Segment 

i n s e r t i o n  was delayed between Po in ts  D and E f o r  about 6 min. The f i n a l  

0.45 i n .  o f  i n s e r t i o n  f o r  the p a r t i a l  mate occurred between Poin ts  E and F. 

The FJAF was detorqued and the  temposonics were then removed. The 

segment was l i f t e d  by the  crane about 12 i n .  above the  c l e v i s  a t  approxi-  

mately 2330 h r .  

4.3 SECOND PARTIAL MATE 

On 4 Dec 1987, the  a f t  center  segment beam load was r e d i s t r i b u t e d  t o  make 

the  a f t  center  segment more out-of-round. A shape mismatch between the  

tang and c l e v i s  was des i rab le  i n  order  t o  eva luate the  FJAF performance 

dur ing  a worst  case p a r t i a l  mst ing s i t u a t i o n .  A comparison o f  the  tang 

and c l e v i s  shapes p r i o r  t o  the  second p a r t i a l  mate can be seen i n  

Figure 4-4. I t  should be noted the OMRSD requirement o f  l ess  than 

0.125 i n .  r a d i a l  dev i a t i on  was exceeded a t  t h i s  t ime. 

The second p a r t i a l  mate was i n i t i a t e d  on 5 Dec 1987, b t  about 1345 h r .  

Figures 4-5 and 4-6 show the  lower ing r a t e  and segment ou t -o f - pa ra l l e l i sm  

f o r  t h i s  second p a r t i a l  mating sequence. A t  Po in t  A i n  Figures 4-5 and 4-6, 

the  tang i s  about 0.06 i n .  from FJAF guide b lock  contact .  As the  tang 
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1 s t  PARTIAL. MATE OUT-OF-LEVELN ESS 

PER TEMPOSONICS 0, 90, 180, 270 
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0.11 
0.17 

0.16 
0.15 
0.14 
0.1 3 
0.12 
0.1 1 

0.1 

0.09 
0.08 
0.07 
0.06 
0.05 
0.04 
0.03 
0.02 
0.01 

0 -7 
-0.01 - 
-0.02 I I I 1 I I I 1 I I 1 I 1 I I I 

3.7 3.9 4.1 4.3 4.5 4.7 4 9 5.1 5.3 
VERTICAL POSITION (iN) 

Figure 4-2. F i r s t  P a r t i a l  Mate Out-of-Levelness Versus V e r t i c a l  Pos i t ion  

I st PARTIAL MATE LOWE3ING RATE 
TIME vr XMPOSONIC AVERAGE POSlnON 

. 
5.3 

3.7 3 8  L- I I 1 \F 1 

19.7 19.9 20.1 20.3 
TIME OF DAY 

Figure 4-3. F i r s t  P a r t i a l  Mate V e r t i c a l  Posit ions Versus Time 
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Figure 4-5. Second P a r t i  a1 Mate Ou t-of -Level ners 
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Figure 4-6. Second P a r t i a l  Mate Lowering Rate 



segment was lowered, the 0-deg l oca t i on  hung up on the edge o f  the FJAF 

guide blocks wh i le  the 180-deg tang l oca t i on  continued t o  drop. Recall 

from the shape comparison i n  Figure 4-4 the tang 0- t o  180-deg ax is  was the 

long ax is  due t o  the oval segment shape, so maximum inter ference was 

expected a t  e i t h e r  the 0- t o  180-deg locat ion.  The lowering operat ion was 
stopped when the out-of-para1 l e l i s m  1 i m i t  of 0.25 i n .  was exceeded, as 

ind icated a t  Point  B i n  Figures 4-5 and 4-6. For the next 8 min., between 

Points B and C, there was very l i t t l e  v e r t i c a l  segment movement. Due t o  
the new load d i s t r i b u t i o n  on the tang, however, the a f t  center segment 

slowly reshaped u n t i l  the 0-deg l oca t i on  sl ipped down i n t o  the FJAF guide 

block b o ~ e .  This sudden movement can be seen between Poiots C and 0, and 

resu l ted  i n  a f i n a l  near-level posi t ion.  A f te r  another small delay, tang 
inser t ion  was r e i n i t i a t e d ,  and the f i n a l  0.38 i n .  o f  t r ave l  was completed 

i n  about 4 min. (as seen between Points E and F). 

It was noted a t  t h i s  t ime there was a maximum separation o f  0.015 i n .  
between the FJAF contact band and outer c l e v i s  l e g  from 2 t o  18 deg. 

(Again, r e c a l l  t h i s  i s  on the ax is  o f  maximum interference, due t o  the 

oval a f t  center segment shape). A f te r  the required measurements had 

been taken, the tempusonics and FJAF were removed, and the a f t  center 
segment vas 1 i f t e d  t o  the t rans fer  a i s le .  

The a c t i v i t i e s  o f  the next few days consisted o f  ins ta ! la t ion  o f  the 

environment enclosure top and the reshaping o f  the a f t  center segment i n  

the t rans fer  a i s l e  back t o  more c lose ly  match the a f t  segment. A compari- 
son o f  the tang and c lev i s  shape p r i o r  t o  the f i r s t  f u l l  (dry) mate can 

be seen i n  Figure 4-?. Once the upper segment had been l i f t e d  t o  the O 
l eve l ,  the environment enclosure was completed. An evaluat ion o f  the 
enclosure performance during ATA, and the recommended improvements are 

found i n  Section 7.3.3. Jo in t  preparat ion steps were taken next, which 
included appl i c a t i o n  o f  the j o i n t  contact t rans fer  medium and O-ring 
i n s t a l  l a t i on .  Some delays were encountered due t o  O-ring contamination 

caused by unpackaging errors,  which were resolved by using a second set  

o f  O-rings. 
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4.4 FIRST FULL MATE (dry mate) 

The d ry  mate began on 10 Dec 1987 about 0130 hr .  Figures 4-8 and 4-9 show 
the  ou t -o f - pa ra l l e l i sm  and lower ing r a t e  f o r  t he  d r y  mate i n s e r t i o n .  As 

w i t h  t he  f i r s t  p a r t i a l  mate, an approximate 0.2 i n .  ou t - o f - pa ra l l e l i sm  was 

recorded dur ing  i n i t i a l  FJAF engagement, which i s  i nd i ca ted  by Po in t  B i n  
Figupes 4-8 and 4-9. A t  Poir l t  C,  i n s e r t i o n  was stopped f o r  approximately 

one hour f o r  tang t o  O-r ing land clearance measurements. Segment lower ing 

between Poin ts  D a ~ d  E was i n t e r r u p t e d  due t o  exceeding t he  ou t -o f - pa ra l l e l  

red l ine .  I t  was i n i t i a l l y  0.035 i n . ,  then changed t o  0.060 inches. Each 
change requ i red  paper processing. A t  Po in t  E lower ing was stopped again. 

A PR d i s p o s i t i o n  t o  proceed was requ i red  because t he  segment was cocked 

s l i g h t l y .  Dur ing t h i s  i n t e r v a l  (E t o  F) t he  ou t -o f - pa ra l l e l  r e d l i n e  was 

a1 so i ncreased t o  0.075 i nches. When segment 1  oweri ng was r e i  n i  ti ated , 
the out -o f - leve lness on the  0- t o  180-deg ax i s  jumped t o  0.087 i n .  f o r  two 

data frames (2 sec) before r e tu rn i ng  t o  the  i n i  ~ i a l  value. Th is  l u r c h  can 

be seen as the  spike a t  Po in t  F  i n  F igure 4-8. I n s e r t i o n  cont inued u n t i l  

Po in t  G was reached, when the  opera t ion  was again suspended. 

An engineer ing meeting which inc luded Morton Thiokol  , SPC, and NASA 
(KSC and MSFC) personnel was he ld  t o  reevaluate the  red1 i ne ou t -o f -  1  eve1 ness 

c r i t e r i a ,  and t o  consider i f  t he  j o i n t  mat ing should proceed. I t  was 
agreed t h a t  an out-of-para1 l e l  ism red1 i ne  o f  0.25 i n .  would be used f o r  

the remaining i nse r t i on .  These agreements were made between Poin ts  G and 

H i n  Figures 4-8 and 4-9. The segment movement i nd i ca ted  on the  char ts  

between these po in t s  was due t o  segment s e t t l i n g .  I n s e r t i o n  was r e s t a r t e d  
about 1000 h r  and was c o ~ ~ l p l e t e d  w i t h i n  20 min. The maximum ou t -o f - pa ra l l e l i sm  

dur ing  the  f i n a l  i n s e r t i o n  (between P ~ i n t s  H and I) was 0.175 i n .  on the  

90- t o  270-deg ax is .  A t  Po in t  I, The hydraset load was increased 15,000 I b  
and the FJAF was detorqued. The f i n a l  0.25 i n .  was lowered by the  hydraset, 
and the l a s t  p i n  i n s t a l l e d  a t  2350 h r .  J o i n t  gap measurements weye then 

taken, the p i n  c l i p s  i n s t a l  led,  and t he  tang and c l e v i s  gap measurements 

were repeated. The 1  i f t i n g  beam was d'sconnected from the a f t  center  

segment and moved back t o  t h o  t r a n s f e r  a i s l e .  
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Numerous problems were encountered t h C  -ex t  few days dur ing  t he  j o i n t  
1  eak check procedure. 1 hese inc luded bo th  hardware and software d i  screp- 

ancies. Eva1 ua t i on  o f  t he  l eak  check equipment and process performance 
i s  contained i n  Sect ion 7.1.3, as w e l l  as a  d iscuss ion o f  the  r e s u l t s .  It 

i s  noted here the  segment j c i n t  passed a l l  l eak  c r i t e r i a  w i t h  ample margin. 

Preparat ions were then made f o r  segment separat ion.  i h i  s  inc luded  
assembly o f  a work s c a f f o l d  around the t e s t  a r t i c l e  t h a t  a l lowed personnel 

access dur ing  the  VSF assembly and operat ion.  The s c a f f o l d  assembly 
requ i red  extensive e f f o r t ,  and took about 16 h r  t o  complete. 

On 13 Dec 1987, t he  lower sec t ion  o f  t he  VSF was i n s t a l  l e d  on t he  a f t  

segment. Upon t i gh ten ing ,  some segment p a i n t  was gouged and a g i r t h  gage 

was dsstroyed due t o  some miss ing rubber on the  VSF. The miss ing rubber 

was replaced, and the  remaining p a r t s  o f  the  VSF were i n s t a l  led.  A complete 
eva lua t ion  :f the  VSF performance dur ing  t he  ATA t e s t ,  i n c l ud ing  a1 1  

recommendations f o r  use on f l i g h t  s tack ing,  i s  contained i n  Sect ion 7.1.3. 

The 4-po in t  l i f t i n g  bcam was reat tached t o  t he  upper segment, and t he  

weight o f  the  upper segment and beam was app l ied  t o  the  hydraset. P i n  
removal was then 

A l l  loose p  

removal was comp 

o f  the  a1 ignment 

a f t e r  j o i n t  p i n  

the  118- and 240 

i n i t i a t e d .  

ns were then removed from the  segment j o i n t .  When p i n  

e te  w i t h i n  f i v e  p ins  o f  an a1 ignment p i n  s l o t ,  r e i n s e r t  

p i n  was attempted. (The al ignment p i ns  had been removed 

n s t a l  l a t i o n .  ) A1 ignment p i n  i n s e r t i o n  was completed a t  

deg l oca t i on ,  bu t  cou ld  no t  be done a t  0-deg l o c a t i o n  
a f t e r  extens ive e f f o r t .  It was decided t o  demate w i t h  the  two i nse r t ed  

al ignment p i ns  and omit  the  0-deg loca t ion .  

i o n  

I n  add i t i on ,  extreme d i f f i c u l t y  was encountered at tempt ing t o  remove 

the j o i n t  p i n  a t  the 164-deg loca t ion .  I n  an at tempt t o  unbind t h i s  p i n ,  a  

separat ion load was app l ied  t o  the  hydraset. The 0-deg l o c a t i o n  rose 

approximately 0.375 inch. Th is  ac t i on  was i n  d i r e c t  v i o l a t i o n  o f  the  

p lanning documents and could  have resu l t ed  i n  c r i t i c a l  damage t o  bo th  tang 
and c l ev i s .  For tuna te ly ,  p o s t - t e s t  i nspec t ion  revealed no anomal ies .  

F i na l  p i n  e x t r a c t i o n  requ i red  the use o f  the hydrau l i c  p i n  removal t o o l .  

REVISION - DOCNO TWR-16829 MI 
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No s i m i l a r  process o f  t r y i n g  t o  unbind a p i n  by segment movement should be 
ever a t  be attempted i n  t he  fu tu re .  

4.5 DRY MATE SEPARATION 

a1 1 rams, 

rams were 
t o  re leve  
rams, and 
ca t i on  o f  

J o i n t  separat ion was s t a r t e d  on 15 Dec 1987 a t  about 2130 hr .  I n i t i a l  
segment movement due t o  hydraset load ing was upward a t  90 deg and s l i g h t l y  
downward a t  270 deg (about 0.20 i n .  ). Pressure i n  the  VSF was increased 

t o  500 p s i ,  and movement, was on ly  seen a t  the  90-deg l oca t i on .  A l l  VSF 

rams were then shu to f f ,  except f o r  the  two near the  270-deg segment loca- 
t i o n  (rams No. 7 and 8). A pressure o f  850 p s i  was app l ied  t o  those rams, 
and the 270-deg s ide was ra i sed  even w i t h  the  90-deg side. The 850 p s i  
pressure was then app l ied  t o  a l l  VSF rams. Upward segment movement was 
f a s t e r  than the hydraset cou ld  compensate f o r  a t  t h i s  p o i n t ,  hence the  VSF 
pressure was cu to f f  t o  a l l ow  the  hydraset t o  catc i i  up. The VSF pressure 
was then readjusted t o  500 p s i .  When t h i s  pressure was again app l ied  t o  

segment e l eva t i on  on ly  occurred a t  90 deg. The 270-deg l o c a t i o n  
again i so l a ted  from the  others ,  and a 650 p s i  pressure was app 

1 the segment. Then 500 p s i  pressure was again reapp l ied  t o  a1 
again, on ly  the 90-deg s ide  rose. Relevel i n g  was done by appl 
550 p s i  t o  rams No. 7 and 8, as had been done before.  This 

vary ing l oad app l i ca t i on  was repeated several  more t imes, causing the  
segment t o  jockey back and f o r t h  dur ing  removal. Not on ly  d i d  j u s t  one 

1 i e d  
1  

1 - 

s ide  r i s e  a t  a t ime, b u t  wh i l e  i t  was be ing ra i sed  the  oppos i te  s ide would 
s e t t l e  o r  lower s l i g h t l y .  This e r r a t i c  movement can be seen i n  F igure 4-10. 
Note t h a t  the  curve loops, o r  doubles back along the  X-axis a t  the po in t s  

where the segment s e t t l e d  back down having once been raised. Also note 
a l l  e r r a t i c  movement occurred dur ing  the f i r s t  0.9 i n .  o f  demate. It i s  
emphasized t h a t  l ack  o f  operator  t r a i n i n g ,  and no t  the  t o o l  design, was the  

pr imary cause o f  d i s s a t i s f a c t o r y  t o o l  operat ion.  Once capture feature 
i n t e r f e rence  had been disengaged, segment separat ion was re1 a t i  ve l y  smooth 
f o r  the  remaining demate. 

Postmate j o i n t  inspect ions were then made. No damage t o  any p a r t s  
were observed, and the J - j o i n t  :nsu la t ion  con tac t  medium p r o f i l e  was very 
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c lose  t o  the p red ic ted  resu l t s .  De ta i l ed  r e s u l t s  o f  the  metal p a r t s  and 
s o f t  goods (O-rings, e tc .  ) inspec t ion  a re  discussed i n  Sect ion 7.2, wh i l e  

the t r a n s f e r  medium and i n s u l a t i o n  r e s u l t s  a re  documented i n  Sect ion 7.3. 

A f t e r  VSF removal from bo th  segments, the  a f t  cen te r  segment was l i f t e d  

back t o  t he  t r a n s f e r  a i s l e .  J o i n t  p repara t ion  f o r  adhesive a p p l i c a t i o n  was 
then i n t i a t e d .  The i n s u l a t i o n  abrasion process on the  a f t  center  segment, 
which was a p repara t ion  step, was temporar i  l y  suspended due t o  suspected 

asbestos contamination. Environment t e s t s  however, v e r i f i e d  no contamina- 

t i o n  was present.  

4 .6  SECOND FULL MATE 

On 18 Dec 1987, j o i n t  preparat ions f o r  the  wet mate were completed. Some 

delays were encountered due t o  grease contaminat ion i n  the adhesive. Minute 

bubbles i n  t he  app l ied  adhesive a lso  generated some concern, bu t  were deter -  

mined t o  be no cons t ra in t .  The a f t  cen te r  segment was reshaped from a 

round t o  a more oval con f i gu ra t i on  t o  evaluate a wors t  case cond i t i on ,  as 

had been done on the second p a r t i a l  mate. An over lay  o f  the  premate tang/ 

c l e v i s  shapes can be seen i n  F igure 4-11. 

Segment mat ing was i n i t i a t e d  19 Dec 1987, about 0745 h r  represented by 

Po in t  A on Figures 4-12 and 4-13. Dur ing tang engagement w i t h  the  FJAF guide 

blocks,  the  0-deg l oca t i on  lagged the  180-deg l o c a t i o n  i n s e r t i o n  by a maxi- 

mum 0.22 i n .  (Po in t  0 ) .  This value was cons is ten t  w i t h  pas t  f u l l  m d  

p a r t i a l  mates, and was expected. (Remember from Figure 4-11 the  long ax i s  

was 0 t o  180 deg). Tang i n s e r t i o n  cont inued smoothly u n t i l  Po in t  C was 

reached, when mating was stopped f o r  tang/c l  ev i  s gap measurements. When 

r e i n s e r t i o n  was begun, shown as Po ln t  D i n  Figures 4-14 and 4-15, t he  

descent r a t e  was he ld  as constant as poss ib le ,  and the  ou t -o f - pa ra l l e l i sm  

values remained c lose  t o  zero, as i nd i ca ted  between Po in ts  D and E. 
A t  Po in t  E tang i n s e r t i o n  was i nadve r t en t l y  stopped. (It had been agreed 

t h a t  the  descent r a t e  would be slowcd a t  t h a t  po in t ,  b u t  r a the r  than j u s t  

slow down as was intended, the  segment was stopped. ) Upon tang i n s e r t i o n  

c o n t i  nuat ion,  the out-of-para1 l e l  ism values increased as was expected, 
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Figure 

ATA WET-MATE OUT OF LEVEL 
PrHT 1 OF ZJ(D€C 19.1M7) 0-180 Ma 
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4-12. Second F u l l  (wet)  Mate Out-of-Level Versus V e r t i c a l  Pos i t ion  
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Figure 4-13. Second F u l l  (wet)  Mate V e r t i c a l  Pos i t ion  Vsrsus Time 
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F igu re  4-14. Second F u l l  (Wet) Mate Out-of-Level  Versus V e r t i c a l  P o s i t i o n  
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due t o  t he  e f f e c t s  o f  s t a t i c  versus dynamic f r i c t i o n  values, and engage- 

ment o f  t he  capture fea tu re  on the  c l e v i s .  I n s e r t i o n  continued, and no 

stops were made u n t i  1 Po in t  F was reached. A t  t h i s  t ime t he  FJAF was 

detorqued, the hydraset load increased, and t h e  remaining 0.32 i n .  o f  

i n s e r t i o n  was done w i t h  the  hydraset. Due t o  the  al ignment p i n  i n s t a l l a -  

t i o n  problems on the  f i r s t  f u l l  (dry)  mate, i s  was decided t o  use the  FJAF 

a1 ignment p i ns  dur ing  the  wet mate. Tbe FJAF remained on the  j o i n t  a f t e r  

it was detorqued. P in  i n s t a l l a t i o n  took approximately 45 min., and vas 

completed about 1645 hr .  

A f t e r  removal o f  the  4-po in t  1 i f t i n g  beam, a man was lowered down the 

motor bore t o  v i s u a l l y  inspect  the  j o i n t .  The v i sua l  i nspec t ion  r e s u l t s  

were very p c s i t i v e ,  as d e t a i l s  are discussed i n  Sect ion 7.3. The l i f t i n g  

beam was then reattached t o  the  a f t  center  segment, and the  hydraset load 

was increased t o  match the segment weight t o  a1 low j o i n t  p i n  removal. 

P in  removal went smoothly, as no s i g n i f i c a n t  p i n  s t i c k i n g  was encountered. 

Due t o  schedule cons t ra in ts ,  some t e s t  p l an  requirements were deleted. 

This inc luded the assembled j o i n t  measurements, leak check, and i n s t a l l a t i o n  

o f  the p i n  r e t a i n i n g  band (a lso  no t  poss ib le  because t he  FJAF was s t i l l  i n  

place).  

4.7 WET MATE SEPARATION 

Segment demate was i n i t i a t e d  about 0600 h r ,  2 1  Dec 1987. No VSF was used. 

Theye was concern t h a t  the segment might  separate suddenly and bounce, 

damaging e i t h e r  o r  bo th  segments. To reduce t h i s  p o s s i b i l i t y ,  the  i n i t i a l  

separat ion load was l i m i t e d  t o  the weight o f  the  a f t  center  segment and 

beam p lus  15,000 l b .  Segment out-of-para1 l e l  ism p l o t t e d  as a f unc t i on  o f  

p o s i t i o n  can be seen i n  Figure 4-16. For the  approximate 18 h r  span 

between Poin ts  A and 0 ,  the segment moved very l i t t l e .  Dur ing t h i s  t ime, 

paper work was generated t o  enable r e d i s t r i b u t i o n  o f  the load on the 

f ou r  beam po in t s ,  t o  he lp  the segment reshape and work i t ' s  way out .  I t  
was a lso  decided t h a t  the  t o t a l  beam load could  be increased 5,000 Ib, 
a l low ing  a ca lcu la ted  20,000 l b  separat ion load cln the segment. (The 

e n t i r e  segment and beam load had been estimated, so t h a t  load p l us  20,000 l b  
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was a1 lowable on the  hydraset. ) S i g n i f i c a n t  segment separat ion f i n a l  l y  
s ta r t ed  about 2330 h r ,  represented by Po in t  0. A t  Po in t  C t he  maximum 

ou t -o f - pa ra l l e l  values dur ing  the separat ion were recorded. From Po in t  C 
t o  Po in t  D i t  can be seen the a f t  center  segment re turned t o  a  more 

para1 l e l  pos i t i on ,  and separat ion was smooth and continuous. No bounce 

e f f e c t s  were measured o r  no t i ced  dur ing  j o i q t  separat ion.  

A f t e r  separation, post  mate inspect ions were made o f  the  j o i n t .  As 

wi t ; .  the f i r s t  f u l l  (dry)  mate, these r e s u l t s  were very  c lose  t o  ana lys is  

p red ic t ions  and are discussed i n  Sections 7.2 and 7.3. 

The a f t  center  segment was 1  i f t e d  t o  the  t r a n s f e r  a i s l e ,  where i s  was 

readied f o r  t r a n s f e r  t o  the RPSF. ill f u r t h e r  pos t - t es t  inspect ions and 

p r o f  i l e  me~surements t h a t  were no t  deleted, a re  examined i n  t h e i r  respect ive 

s e c t i o ~ s .  

4.8 SUMMARY AND CONCLUSIONS 

4.8.1 Segment Mate/Demate Operations 

P r i o r  t o  the  f i r s t  p a r t i a l  and f i r s t  f u l l  mates the  t a n g j c l e v i s  shapes 

(roundness) were r e l a t i v e l y  c lose ( w i t h  a  maximum v a r i a t i o n  o f  0.055 i n .  

r a d i a l l y ) .  P r i o r  t o  the  secorld p a r t i a l  a ~ i d  second f u l l  mate, the tang/ 

c l e v i s  shapes were r e l a t i v e l y  uneven ( w i t h  a  r a d i a l  v a r i a t i o n  as much as 

0.167 i n .  ). 

Sqmc , t  separat ion o f  the f i r s t  f u l l  mate was accomplished us ing the  

case VSF, wh i le  on ly  the  hydraset and 4 -po in t  1  i f t i n g  beam were used f o r  

the second f u l l  demat.e. I n s u f f i c i e n t  operator  t r a i n i n g  us ing the  VSF 

con t r ibu ted  t o  e r r a c t i c  j o i n t  separat ion wh i l e  i t  was i n  use. S im i l a r  

segment movement was seen, however, du r ing  the second f u l l  demate when on ly  

the 4-point  1  i f t i n g  beam and hydraset were u t i l i z e d .  A1 1  contingency 

segment separations dur ing  f l i g h t  s tack ing  should use the  case v e r t i c a l  

separat ion f i x t ~ , . e .  

Evaluat ion o f  the  i n s u l a t i o n  J - j o i n t  d ry  powder t r a n s f e r  medium was 

done f o l l ow ing  the  f i r ~ t  f u l l  demate. Adhesive performance eva lua t ion  was 
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a l so  done a f t e r  t he  second f u l  

i n s u l a t i o n  3 - j o i n t  contact  was 

1 demate. Both inspect ions ver  

as expected, w i t h  no damage t o  

Post-separat ion inspec t ion  a1 so conf i rmed no damage t o  t 

i f i e d  t he  

t he  i nsu la t i on .  

he O-rings o r  

s o f t  goods occurred. The i n t e g r i t y  o f  these seals was a l so  confirmed by 

a f f i r m a t i v e  leak check r e s u l t s .  A1 though some d i f f i c u l t y  was encountered 

du r i ng  var ious p i n  i n s e r t i o n  and removal operat ions,  no damage t o  t he  metal 

p a r t s  was observed. 

The two p a r t i a l  mates, and two ful l -segment mates and demates adequately 

v e r i f i e d  t h a t  assembly/disassembly o f  f l i g h t  RSRM segments i s  poss ib le  i n  

the  v e r t i c a l  p o s i t i o n ,  w i thou t  damage t o  the i nsu la t i on ,  metal pa r ts ,  o r  

seal s. 

4.8.2 Procedural V e r i f i c a t i o n  

Procedures f o r  the RSRM segment hand1 i ng and assembly/di sassembly as 

spec i f i ed  i n  TWA-791 were va l ida ted  dur ing  A T A .  Both motor segments were 

received, processed, stacked, and demated us ing the  e x i s t i n g  f a c i  1  i t i e s .  

I n  add i t i on ,  the a f t  center  segment was prepared f o r  shipment and shipped 

again, whi le  the a f t  segment was s to red  i n  the  e x i s t i n g  f a c i l i t i e s .  

Nunerous dev ia t ions  and problems were encountered w i t h  the  opera t ing  

tasks as spec i f i ed  i n  the OM1 throughout t he  ATA t e s t .  These requirements 

were cor rected,  ed i ted,  o r  deleted. Th is  procedural  r e f  i n i  ny process was 

t ime consuming and c f t e n  f r u s t r a t i n g ,  y e t  was one o f  the  o v e r a l l  key 

purposes o f  the  A T A  t es t .  The spec i f i c s  o f  these procedural changes a re  

discussed i n  the app l i cab le  sect ions.  

Eva luat ion o f  the  segment operat ions dur 

es tab l  ? shment o f  f 1  i ght  segment mat i  og c r i  t e r  

i n g  A T A  
i a .  Th 

resu l t ed  i n  the  

i s  c o ~ s i s t e d  o f :  

a. Premate r e l a t i v e  p o s i t i o n  (center ing) .  

b. Premate segment r e l a t i v e  c o n c e n t r i c i t y  (shape). 

c. I n s e r t i o n  r a t e  versus pos i t i o n .  

d .  Rela t i ve  para1 l e l  ism ( leve lness)  versus p o s i t i o n  du r i ng  j o i n t  mate. 

The s p e c i f i c s  o f  t h i s  c r i t e r i a  were discussed i n  Sect ion 3.1.2.1. 
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It was a lso shown during ATA, the RSRM segment and j o i n t  design ade- 

quately considered operat ing , tes t ,  and maintenance personnel tasks. A1 1 
three groups o f  personnel were able t o  perform t h e i r  required operations 
( inc lud ing  complex and c r i t i c a l  tasks) w i t h  adequate accessibi 1 i t y  and 
safety. Crew t r a i n i n g  was provided. Areas where add i t iona l  t r a i n i n g  i s  
required were i den t i f i ed ,  and are a lso discussed i n  t h e i r  appl icable 
sections. 

4.8.3 - GSE C e r t i f i c a t i o n  

The cther key purpose o f  the ATA t e s t  was c e r t i f i c a t i o n  o f  the GSE t o  be 
used fo r  f l i g h t  segment inspect ion and stacking. Use o f  t h i s  GSE was 
mentioned b r i e f l y  above, whereas det.ai l e d  performance evaluation, and a1 1 
recommended changes, are contained i n  Section 7.1. 
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INSTRUMENTATION 

5.1 INTRODUCTION 

A summary o f  the  ins t rumentat ion i n i t i a l l y  i n s t a l l e d  on the  ATA t e s t  a r t i c l e  

and the  support ing GSE used dur ing  t he  t e s t  i s  l i s t e d  below i n  Table 5-1. 

The ins t rumentat ion used t o  support ATA i s  documented i n  drawing number 

7U75781, and the  ins t rumentat ion l i s t i n g  from t h a t  drawing i s  inc luded as 

Appendix 1, contained i n  Volume I 1  o f  t h i s  r epo r t .  

5.2 OBJECTIVES 

The ins t rumentat ion used on the ATA t e s t  hardware and support ing GSE was 

used t c  d i r e c t l y  support the f o l l o w i n g  t e s t  ob jec t i ves  from the  D&V plan: 

m. Gather ac tua l  data fo r  a n a l y t i c a l  comparison. 

k .  Determine mateidemate loads on hardware and GSE ( i n c l u d i n g  bond1 i ne  

s t r ess ) .  

5.3 DISCUSSION 

The m a j o r i t y  o f  t he  ins t rumentat ion was i n s t a l l e d  on the 

20-24 Nov 1987. As t h i s  t e s t  was performed a t  KSC, and 

AT A 

i nvo 

support organizat ions,  i nsi rumentat ion data was no t  reduced 

l oca t i on .  Some data was reduced by Morton Thiokol  personnel 

t e s t  segments 

! ved numerous 

i n  one cen t ra l  

i n  the  VAB, 

o ther  was recorded on d i sk  and taken t o  iiangar AF t o  be reduced and p l o t t e d ,  

and s t i l l  o ther  was recorded by Grurnan equipment, which requ i red  a s i g n i f i -  

cant t ime delay u n t i l  f i n a l  data reduct ion.  There are s t i l l  outs tanding 

data p l o t s  a t  t h i s  w r i t i n g .  Extensive coord ina t ion  w i t h  the  i n t e r f a c i n g  was 

r e w i r e d  on the gages, and some miscomnunication d i d  occur. 



Table 5-1. ATA Instrumentation Sumnary 

FJAF (GSE) Test A r t i c l e  Total  Gages 

Temperature 3 3 6 
Displacement 72 - - 72 

St ra in  4 3 2 36 

Stress - - - - 12 - 12 

Total 7 9 47 126 

Just p r i o r  t o  the f i r s t  p a r t i a l  mate, i t  was found tha t  the s t r a i n  gages 

on the segment j o i n t  were ranged i n  the pos i t i ve  d i rec t i on  only (+2,000 

min./in. ) , and would not co r rec t l y  record both compressive and t e n s i l e  loads. 

The signal condi t ion ing u n i t s  were reranged t o  +1,000 min./in. t o  cor rec t  

t h i s  problem, but  as a r e s u l t  only  incomplete gage performance was ava i lab le  

during the p a r t i a l  mates. 

Other d i f f i c u l t i e s  were encountered w i th  the instrumentat ion system 

during the ATA tes t .  This included gage adhesive and labe l  placement, 

coordinat ion o f  paperwork, and gage cable i n s t a l l a t i o n .  Solutions were 

found and a l l  were adequately resolved. 

A summary o f  a l l  gages tha t  f a i l ed  t o  funct ion properly, and the reason 

f o r  the f a i l u r e s  i f  known, i s  1 i s t e d  below i n  Table 5-2. A * symbol i n d i -  

cates these gages were approved aad recognized by design and pro jec t  

engineering as pre tes t  nonfunctional gages. 

Table 5-2. Instrumentation Discrepancies 

Gage TypelMeasurement : Pressure Transducer/Bondl i ne  Stress 
l n s t  No. D i  screpancylCause 
-616* *Gaqes miqrated out o f  pos i t i on  during cure. A l l  were removed 
(12 gages) due t o  shipping scheduie impact. 

couple/Joint Temperature 

ed w i th  bondline stress gages 1 i s t e d  above. 



Spree Operations 

Table 5-2. Ins t rumentat ion Discrepancies (Cont) 

Ga e Type/Measurement: Un iax i a l  S t ra in IOute r  C lev is  Leg Def lec t ion 9 n s t  No. D i  screpancy/Cause 
S6715614* %older  on tabs and aase coa t ing  i n t e r f e r e d  w i t h  FJAF. 
( 4  gages Trimming o f  tabs de i t royed  gages. 

Gage Type/Measurement : Gi rth/Tang Radi a1 Growth 
I n s t  No. D i  screpancy/Cause 
6009 Broken by a m a l l e t  s t r i k e  dur ing  i n s t a l l a t i o n  o f  p i n  r e t a i n e r  
( 1  gage) c l i p  a t  t h e  296-deg l oca t i on .  

( 1  gage) the  114-deg l oca t i on .  
Gage TypelMeasurement: B i a x i a l  St , ra in /Ax ia l  Tang 
I n s t  No. Discrepancy/Cause 
5023 Connection w i r e  a t  180-deg 1 o c a t i  on broken by scraping type 
( 1  gage) blow dur ing VSF i n s t a l  l a t i o n .  

5.4 CONCLUSIONS 

The ins t rumentat ion system used dur ing  t he  ATA t e s t  performed we l l ,  and 

adequately supported the gather ing o f  data f o r  a n a l y t i c a l  comparison. 

Kateldemate loads on the t e s t  hardware and GSE was determined, however, 

no bondl ine s t ress  loads were measured due t o  gage removal p r i o r  t o  t he  

t e s t .  
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PHOTOGRAPHY 

S t i l l  photographs were taken t o  document t h e  var ious procedures and 

inspect ions throughout the  ATA t e s t .  The complete c o l l e c t i o n  o f  s t i  11 

photograph negat ives a re  s to red  i n  B u i l d i n g  M-9 a t  Morton Thioko l  Space 

Operations. A photographic sumnary o f  the  key events dur ing  the ATA t e s t  

w i l l  be compiled from these negatives. 

Video documentation o f  t he  ATA procedures was no t  al lowed by Morton 

Thiokol  personnel due t o  1 egal i c o n t r a c t  issues. Those issues have been 

resolved, and Norton Thiokol  personnel w i l l  be al lowed video access f o r  a l l  

f u t u r e  t e s t s  a t  Kennedy Space Center. Unfor tunate ly ,  un t ra ined  personnel 

on the v ideo equipment used dur ing  ATA r esu l t ed  i n  out-of- focus and poor l y  

I , yhted ?ocumentation. 

Permanently mounted video cameras were a l so  present t o  moni tor  the  

a c t i v i t i e s  i n  t he  t r a n s f e r  a i s l e  and high-bay l e v e l .  These cameras were 

f o r  general a c t i v i t y  moni tor ing,  and were n o t  intended t o  be used f o r  t e s t  

process documentation and eva luat ion.  

Mcno. TWR-16829 - vOL 

SEC moc 50 



- - -  

Space Operations 

7 

TEST RESULTS AND DISCUSSION 

7 . 1  GSE CERTIFICATION/EVALUATION RESULTS 

7 .1 .1  I n t r o d u c t i o n  

The s tack ing  o f  the  RSRM segments on t he  MLP i s  one o f  the  f i r s t  steps i n  
the  b u i l d i n g  up of the e n t i r e  space t r anspo r t a t i on  system (STS) conf igu-  
r a t i on .  I n  order  t o  ensure t he  segments can be mated w  
t he  hardware, seals,  and i n s u l a t i o n ,  add i t i ona l  GSE has 

use. 

The GSE used dur ing  ATA can be separated i n t o  two 

t hou t  any damage t o  
been designed f o r  

eneral  types: 1) use 
f o r  segment inspect ion,  and 2) use f o r  segment assembly/dis. xembly .  P r i o r  t o  

motor f l i g h t  use, var ious inspect ions must be performed on the  segment hard- 
ware and i n s u l a t i o n  t o  v e r i f y  acceptance c r i t e r i a .  Th is  i n c  iudes determi- 
na t ion  o f  any case and i n s u l a t i o n  edge unbonds, and the J - j o i n t  i n s u l a t i o n  
p r o f i l e  measurements. These inspect ions must be performed w i t hou t  d i s t u r b i n g  
o r  a l t e r i n g  the  i n s u l a t i o n  and p rope l l an t  con f igu ra t ion ,  o r  NDE mdst be 
completed. 

Before any o f  t h i s  GSE can be used t o  eva luate and/or a i d  i n  the  

s tack ing o f  ac tua l  f l i g h t  segments, the equipment must be c e r t i f i e d  f o r  use. 
Numerous GSE changes have been made as a  consequence o f  the  s h u t t l e  redesign, 
as we l l  as an i n t r o d u c t i o n  o f  several new GSE a r t i c l e s .  One o f  the  pr imary 
purposes of the ATA t e s t  was t o  prov ide an oppor tun i t y  f o r  t h i s  GSE c e r t i f i -  
ca t ion ,  as we1 1  as evaluate the  equipment performance. 

7.1.2 Object ives - 
The D&V C e r t i f i c a t i o n  Plan Object ives,  as they r e l a t e d  t o  GSE c e r t i f i c a t i o n  
dur ing  the A i A  t e s t ,  a re  l i s t e d  below. 

C e r t i f y  use and operat ing procedures o f  the f o l l o w i n g  GSE: 
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Equipment Model No. Con f igu ra t ion  

I. Pin  Reta in ing Wedge K i t  
2. A1 ignment P in  K i t  

3. F i e l d  J o i n t  Assembly F i x t u r e  
4. J o i n t  Measuring F i x t u r e  

5. V e r t i c a l  Disassembly (separat ion)  
F i x t u r e  

6. Leak Check System 

7. A u x i l i a r y  Shaping Tool 

8. Mechanical Case- to- Insu la t ion 
Bondl i ne  Inspec t ion  K i t  

9. Comparator 
10. U l t r ason i c  Case- to- Insu la t ion 

Bondl i ne  Inspec t ion  K i t  

11. J o i n t  I n s u l a t i o n  P r o f i l e  Measuring 
K i t  

12. J-seal  Terminus Inspec t ion  System 

13. J-seal  Bondl i ne Inspec t ion  Tool 

14. Assembly Ins t rumentat ion 
Temposoni cs 
4-po in t  Beam 

15. Slump Measuring Tool 

7.1.3 Resul ts and Discussion 

a. P in  Reta in ing Wedge K i t  (A77-0424) Not C e r t i f i e d .  Pins were i nse r t ed  i n  

the j o i n t s  dur ing  both f u l l  mates o f  the  ATA t e s t .  Dur ing tne f i r s t  f u l l  

(d ry )  mate, p i n  r e ta i ne rs  were a l so  i n s t a l l e d  ( p i n  r e ta i ne rs  were no t  

used dur ing  the  second f u l l  mate due t o  the FJAF be ing l e f t  on the  

j o i n t ) .  Ease o f  p i n  r e t a i n e r  i n s t a l  l a t i o n ,  however, e l  iminated the  need 
f o r  the use o f  the  p i n  r e t a i n e r  wedge k i t ,  hence no t o o l  c e r t i f i c a t i o n  

was done dur ing  ATA, and no eva lua t ion  o f  the  k i t  i s  inc luded i n  t h i s  
repor t .  

b. A1 ignment P in  K i t  (H7?-0438) C e r t i f i e d .  The purpose o f  t he  8U52624 p i n  

al ignment k i t  i s  t o  index and a l i g n  f i e l d  j o i n t  p inho les dur ing  mating, 
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a i d i n g  p i n  i n s t a l l a t i o n .  Three al ignment p i n s  are used, loca ted  a t  0, 
118, and 240 deg. Dur ing t he  f i r s t  f u l l  mate separat ion,  one al ignment 
p i n  cou ld  no t  be re i nse r t ed  i n  t he  p inho le  a t  t he  0-deg loca t ion .  
Measurements o f  the  ho le  and p i n  revealed a  maximum mate r ia l  cond i t i on ,  
o r  t h e  p i n  was a t  t he  l a rge  end o f  to le rance  ant? t he  ho le  was a t  t h e  
small end. A f t e r  eva luat ion,  a  .0005-in. reduc t ion  on the  p i n  diameter 
was recommended. The appl i c a b l e  drawings a re  be ing updated t o  r e f l e c t  
t h i s  dimensional change. With the  above mentioned change, the  al ignment 
p i n  k i t  i s  q u a l i f i e d  f o r  use on f l i g h t  segments. 

c. F i e l d  J o i n t  Assembly F i x t u r e  (FJAF) (H77-0442) C e r t i f i e d .  Extensive 
t e s t i n g  and eva lua t ion  o f  the  7U75170 FJAF was done dur ing  the  ATA t e s t .  
De ta i led  ana lys is  eva lua t ion  o f  the  FJAF i s  contained i n  TWR-18067, as 
on ly  a  general ized eva lua t ion  i s  g iven i n  t h i s  r epo r t .  A schematic 

diagram o f  the  FJAF GSE t o o l  can be seen i n  F igure 7-1. The FJAF i s  a  

f i x t u r e  designed to  conform the  tang and c l e v i s  t o  t he  same shape, m in i -  
miz ing poss ib le  damage t o  the  O-rings dur ing  the  mating operat ion.  As 
can be seen i n  F igure 7-1, the  FJAF i s  composed o f  f o u r  sect ions,  each 

weighing about 85 l b .  Handles a re  a t tached a t  each sec t ion  end f o r  
operator  maneuvering. A f t e r  the  f ou r  FJAF sect ions a re  placed on the  

ou te r  c l e v i s  leg,  b o l t s  and p i ns  are used t o  secure t he  pieces together.  
The f i n a l  I D  o f  the FJAF i s  smal ler  than t he  ou te r  c l e v i s  l eg  OD, so the  

c l e v i s  l e g  i s  compressed dur ing  t h i s  operat ion.  This c i r cumfe ren t i a l  

squeezing, o r  bearhugging, compensates f o r  the ra tche t ing ,  o r  y i e l d i n g  
e f f e c t s  o f  the  c l e v i s  t h a t  occur dur ing  t he  segment hydroproof cycles.  
Shims o f  a  p reca lcu la ted  thickness are placed between each sec t ion  j o i n t  
p r i o r  t o  the t o rqu ing  down o f  the  assembly b o l t s ,  t o  ob ta i n  the c o r r e c t  
f i n a l  FJAF diameter and amount o f  t2arhugging f o r  each p a r t i c u l a r  segment 
c l e v i s .  

The FJAF i s  designed no t  on ly  t o  conform the  c l e v i s  t o  the  c o r r e c t  
shape, bu t  a lso  the  tang dur ing  segment mate. An i l l u s t r a t i o n  o f  the  
tang and c l e v i s  w i t h  the FJAF j u s t  p r i o r  t o  mating can be seen i n  

F igure 7-2. As the  tang i s  i nse r t ed  i ns i de  the  FJAF guide b lock  bore, 
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Figure 7-2. Tang Just  Prior to  FJAF Guide Block Engagement 
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the  tang i s  c i r c u m f e r e n t i a l l y  squeezed. Th is  inward d e f l e c t i o n  no t  oa l y  

compensates f o r  the r a t che t i ng  e f f e c t s  on the  tang ( t h a t  occurred dur ing  
hydroproof), bu t  ensures proper tzng and c l e v i s  p o s i t i o n i n g  so as t o  
avo id  O-r ing damage dur ing  mating. Dur ing segment mating, once the  
capture fea tu re  has engaged t he  i nne r  c l e v i s  leg,  t he  FJAF can be de- 
torqued and segment i n s e r t i o n  can be con~pl eted. 

As p rev ious ly  discussed i n  Sect ion 4, the  segment shapes were var ied  
dur ing  t he  p a r t i a l  and f u l l  mates t o  f u l l y  evaluate the  FJAF performance 
dur ing  worst-case, out-of-round condi t ions.  Dur ing the  second p a r t i a l  
mate separat ion between the  FJAF contact  band and ou te r  c l e v i s  l e g  was 
observed as we1 1 as separat ion between t h s t  tang and FJAF guide blocks.  

The degree l o c a t i o n  and separat ion amount i s  l i s t e d  i n  Table 7-1. FJAF 
contact  band separat ion was a l so  no t i ced  dur ing  the second f u l l  (wet) 

mate, and the measurements are contained i n  Table 7-2. Both mates were 
done when the tang and c l e v i s  shapes va r i ed  by more than 0.25 i n .  a long 
tt,e O- t c  180-deg ax is ,  so the  area o f  separat ion i n  both cases was i n  

the area o f  maximum in te r fe rence .  A f t e r  eva lua t ion  o f  the FJAF perfcrm- 
ance dur ing  the  above mentioned mates, i t  was determined s u f f i c i e n t  tang 
and c l e v i s  shaping w i  11 be done p rov i d i ng  the FJAF/case separat icn gap 
i s  less  than 0.005 inch. Dur ing f l i g h t  s tack ing,  if the  FJAF contact  
band separates from the outer  c l e v i s  l e g  by more than t h i s  amount, PR 

d i s p o s i t i o n  w i l l  be requ i red  before the  mat ing operat ion can be continued. 

Table 7-1. Measured Gap Between the FJAF Segments 

Locat ion Locat ion 
(deg) G a p ( i n . )  (deg) G a p ( i n . )  

c  1  osed 
0.008 
0.013 
0.015 
0.015 
0.014 
0.014 
0.012 
0.008 
0.006 
c  1  osed 

. f- 



Table 7-2. Gap Between FJAF and Outer Clevis Leg During Second F u l l  Mate 

Location 
( d y  ) - Gap ( i n . )  

closed 
0.007 
0.007 
0,007 
0.007 
0.007 
0.094 
c 1 osed 

An e v a l u a t i m  o f  the resu l t s  showed the FJAF was extremely sensi- 

t i v e  t o  any b o l t  torquing. P a r t i a l  mate No. 1 showed an average dia- 
1 

metr ica l  squeeze o f  0.033 i n .  a f t e r  bearhugging, wh i le  p a r t i a l  mate 

No. 2 showed an average 0.037 i n .  of bearhugging squeeze f o r  the same 

shim conf igurat ion.  This d l  fference was a t t r i b u t e d  t o  di f ferences i n  
the FJAF j o i n t  ratt lespace during the two p a r t ? a l  mates. During p a r t i a l  
mate No. 1, there was an approximate 0.060-in. ratt lespace, whereas on 

p a r t i a l  mate No. 2 a 0.068-in. rat t lespace was l e f t  i n  the FJAF j o i n t s  

p r i o r  t o  bearhugging. I t  was determined a rat t lespace o f  0.070 
t0.005 i n .  should be i n  the four  FJAF j o i n t  locat ions p r i o r  t o  the 

bearhugging sequence. 

The ATA tes t  d i d  demonstrate the segment ra tchet ing  e f fec ts  were 

el iminated by the FJAF, and much information was gathered. The j o i n t  
contact tand shim packs were determined f o r  the STS-26 f l i g h t  stacking. 

I t  i s  recommended, however, t ha t  addi t ional  evaluat ion be done con- 

cerning the bearhugging and shim ~ a c k  calculat ions.  To achieve t h i s ,  
a premate bearhug evaluat ion w i l l  be performed on each, j o i n t  dur ing 

the STS-26 stacking. If i t  i s  f o u n ~  tha t  i n i t i a l  shim calculat ions 

are i n  e r ro r ,  the shim thicknesses w i l l  be changed. Simi lar  bear- 
hugging me~s~~rements w i l l  a lso be done the f i r s t  time the new 8U75686 

FJAF i s  used f o r  f l i g h t  segment stacking (probabiy STS-27). 

Also determined during ATA were the rec~mmended changes t o  t e  made 

on the 8U75686 iJAF, which w i l l  replace the 7U75170 used during ATA. 
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These changes include: 

1. The FJAF back thickness t imensions w i l l  be increased. The minimum 

dimension has been changed from 0.377 t o  0.407 i n . ,  and t he  maxi- 

mum has been changed from 0.440 t o  0.360 i:lch. 

2. The j o i n t  shim to lerance wi I 1  be changed from +0.010 t o  +0.001 

inch. 

3. The p i n  clearance ho le  s i ze  w i l l  oe changed from l . 5 g  t o  1.25 inc9. 

4. The above changes w i l l  increase each FJAF sec t ion  weight from about 

86 l b .  t o  approximately 100 Ib .  The cu r ren t  handle loca t ions  w i l l  

be changed, and a t h i r d  se t  o f  handles w i l l  be added t o  a l l ow  a 

t h i r d  person he lp  w i t h  the  sec t ion  handling. 

Q During the ATA t e s t ,  pee l i ng  o f  the FJAF Te f lon  m a t i n g  was a 

problem. This was due t o  overspraying o r  double coa t ing  o f  the Tef lon Q 

coat ing dur ing  app l i ca t ion .  L i g h t  sanding o f  the  FJAF w i l l  e l im ina te  

t h i s  problem. I n  add i t i on ,  the j o i n t  welds on each quar te r  qect ion 

w i  11 be nond2struct ive tes ted,  and t he  weld areas where the  Tef lon Q 

has been s t r i pped  w i l l  be coated w i t h  rubber ized p a i n t  f o r  co r ros ion  

p ro tec t ion .  (Removal o f  the rubber ized p a i n t  w i l l  a1 low easy weld 

access f o r  f u t u r e  nondestruct ive t es t i ng .  ) P a r t i c u l a r  a t t e n t i o n  w i  11 

be pa id  t o  the  i t ,  , ide face o f  the  guide blocks and con tac t  band. 

During nonuse, tbese areas w i l l  be covered w i t h  HD-2 grease t o  avo id  

corrosion. 

Dur ing the  ATA tes,, the  7U75170 FJAF was adequately c e r t i f i e d  f o r  

use on f i i g h t  segment stacking. The 81:/5686 t o o l  w i l l  be c e r t i f i e d  by 

s i m i l a r i t y  p r i o r  t o  use cn f l i g h t  segments. 

d. - J o i n t  Measuring F i x t u r e  (s ine  bar)  (A77-0448) C e r t i f i e d .  The purpose 

o f  the j o i n t  measuring f i x t u r e ,  o r  s ine  bana i s  t o  ob ta i n  the  shape o f  

the c l e v i s  and tang. This a l lows the tang shaping t o  begin  hours before 

the mate when the upper segment i s  suspended i n  the  t r a n s f e r  a i s l e .  A 

schematic diagram o f  the 8U75901 s ine  bar  used o;! the  . 'A t e s t ,  and the 
I 

support equipment, can be s2en i n  F igure 7-3. Note t h a t  i n  a d d i t i o n  t o  
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the ac tua l  f i x t u r e ,  t he  s ine  bar  con f igu ra t ion  inc ludes a c a l i b r a t i o n  
template t o  v e r i f y  t he  s ine  b a r ' s  LVOT sensor i s  f unc t i ona l ,  i . e . ,  the  

e l e c t r o n i c  ga in  and phys ica l  o f f s e t  of the  t ransducer a re  c o r r e c t l y  s e t  
p r i o r  t o  use. The t o o l ' s  one LVDT measures t he  a r c  he igh t  of a 36-in. 

chord. T h i r t y - s i x  o f  these readings (one every 10 deg) make up a se t  
o f  data which can be used t o  determine the  shape o f  t he  tang o r  c l e v i s  

surface. Guide f i nge rs  on the  f i x t u r e  insure  proper  p o s i t i o n i n g  i s  
achieved dur ing  measurements. The LVDT data i s  acqui red and processed 
b;~ a por tab le  computer system programmed s p e c i f i c a l l y  f o r  s ine  bar  use. 
A f t e r  measurements a re  complete, an X-Y p l o t t e r  can p r i n t  out  a p l o t  
comparing the  tang o r  c l e v i s  shape t o  a p e r f e c t  c i r c l e .  Th is  makes i t  
easy t o  v i s u a l i z e  the segment shape. The q u a n t i t a t i v e  measurement 

values are a lso  p r i n t e d  on the  p l o t ,  making d e t a i l e d  shape o r  i n t e r f e r -  
ence ca l cu l a t i ons  poss ib le .  Tang and c l e v i s  measurements can a lso  be 

p r i n t e d  on a s i n g l e  p l o t ,  making shape comparison very easy. (Compar- 
isons o f  the  tang and c l e v i s  shapes p r i o r  t o  mat ing were presented i n  

Sect ion 4 . )  

During the  ATA t e s t ,  34 s ine bar  measurements were performed. These 

a re  i n  sequent ia l  order  i n  Appendix 2, found i n  Volume I1 o f  t h i s  r epo r t .  
The equipment performed w e l l  f o r  a l l  mat ing and shaping analys is ,  and 
proved t o  be cons is ten t  w i t h  micrometer data. It should be noted t h a t  

the  s ine bar  does no t  determine absolute s i ze ,  b u t  r a t h e r  r e l a t i v e  

shape. Absolute s i ze  and shape was determined on ATA segments by the  
use o f  p i  tapes and t he  s ine  bar.  

Although t he  s ine bar  performance dur ing  ATA was very good, var ious 
improvements have been recommended and a re  be ing made. One o f  the f ou r  
guide f i nge rs  was mod i f ied  t o  e l im ina te  an i n t e r f e rence  problem w i t h  a 
connector. Computer sof tware mod i f i ca t ions  a re  be ing  made t o  inc lude  

f l ags  t o  a l e r t  the  operator  i f  an LVDT reading goes ou t  o f  range. Th is  
aud ib le  alarm a l so  inc ludes a message on t he  screen which i nd i ca tes  pos- 
s i  b l e  so lu t ions ,  which are: 
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1. F i r s t  LVDT reading out-of-range, message indicates t h a t  rezero i  ng 

o f  the LVDT may be &si rable.  

2. Any out-of-range reading i n  the opposite d i r e c t i o n  (from the f i r s t  
reading) ind icates t h a t  e i t he r  t h i s  segment i s  greater than 9 i n .  
out-of-round, o r  there i s  some anomaly i n  the sine bar system. 

3. The serond LVDT reading out o f  range i n  the same d i r e c t i o n  (plus o r  

minus) as the f i r s t  reading indicates t h a t  LVDT rezeroing i s  
desirable. 

4. The t h i r d  out-of-round range reading i n  the same d i r e c t i o n  (o f  the 
previous two) indicates tha t  LVDT rezeroi ng shculd be performed. 

Because the equipment acqu is i t i on  and processing o f  data i s  computer 
contro l  led,  addi t ional  operator t r a i  n i  ng a1 ong these 1 i nes was recom- 

mended and i s  being implemented. This includes general f a m i l i a r i t y  w i th  
personal computers, and spec i f i cs  r e l a t i n g  t o  the sine bar software. 
A menu-driven standard p l o t  t i t l e  format, which contains the important 

information necessary f o r  fu tu re  reference and data evaluation, i s  also 
being included i n  the software changes. A copy o f  a1 1 fu tu re  p lo t s  
and/or p r i n tou ts  made are t o  be included i n  the OM1 during segment 
stacking. 

Sine bar use during the ATA t e s t  adequately demonstrated the t o o l  
i s  qua1 i f i e d  f o r  use dur ing f l i g h t  segment s t a c k i ~ g .  

e. Ve r t i ca l  Disassembly F ix tu re  (H77-0451) Cer t i f i ed .  The 7U525 GEF was 
used t o  a i d  i n  segment separation during the f i r s t  f u l l  (dry) . .e. 

C e r t i f i c a t i o n  o f  t h i s  t o o l  was required due t o  contingency separation 
during f l i g h t  stacking. A schematic diagram o f  the too l  can be seen i n  
Figure 7-4. The too l  consists o f  two bands t h a t  are made up and attached 
t o  each segment. t i g h t  hydraul ic  rams and load spacers are connected 
between bands, as shown i n  the Figure 7-4. Hydraulic l i n e s  from the 
contro l  u n i t  provide pressurized f l u i d  t o  actuate each ram. The cont ro l  
u n i t  rests on a movable car t .  
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As exp la ined p rev i ous l y  i n  Sect ion 4, segment separat ion wh i l e  us ing 

the  VSF was e r r a t i c  and uneve,~. One s ide  o f  the  segment would r i s e ,  and 

wh i le  t he  o ther  s ide  was be ing ra i sed  the  f i r s t  s ide  would s ~ t t l e  back 

down s l i g h t l y .  The VSF was no t  used f o r  the  second f u l l  (wet) mate 

separat ion,  as the  FJAF a1 ignment p i ns  were used. This requ i red  the  

FJAF t o  be l e f t  on the  j o i n t  (a l though 5 t  was detorqued), which pre- 

vented VSF i n s t a l  l a t i o n .  

Some o f  the  d i f f i c u l t i e s  encountered dur ing  t o o l  use were due t o  

l ack  o f  operator  fami 1  i a r i  t y  w i t h  the  equipment, however, recommended 

changes a re  be ing made t o  the  8U f i x t u r e  p r i o r  t o  contingency use dur ing  

f l i g h t  stacking. This includes: 

Reduction o f  the s i ze  o f  the  hydrau l i c  c a r t .  The prev ious s i ze  made 
i t  very d i f f i c u l t  t o  move the c a r t  through the  doorways and around 

the  l e v e l s  -equired. 

Lengthening o f  the  hydrau l i c  hoses by th ree  f e e t  ( a t  l eas t ) .  The 

hydrau l i c  c a r t  w i l l  be placed on the l e v e l s  t o  :?:ermine t h e  ac tua l  

hose lengths requ i red  f o r  use. This in fo rmat ion  w i l l  be used t o  

u p d a t ~  the  appropr ia te  drawings. 

The s e n s i t i v i t y  o f  the main con t ro l  va lve w i l l  be reduced. This 

w i l l  lower t he  chance o f  inadver tent  operator  e r r o r  due t o  t u r n i n g  

the valve too  f a r .  

The LVDTs w i l l  be e l im ina ted  t h a t  are c u r r e n t l y  on the  cy l inders .  

LVDT use was p rev ious ly  f o r  segment movement moni tor ing,  however, 

tbe temposonics gages are now used. 

The d i r e c t i o n a l  ad justab le  con t ro l  valves w i l l  be replaced w i t h  a  

f i xed  o r i f i c e .  

Eva luat ion o f  the main pressure gage readout scale i s  be ing done. 

I t  i s  recommended t h a t  t he  gage be replaced w i t h  one t h a t  i s  scaled 
f o r  easy readabi 1  i t y  i n  t he  sens i t i ve  operat ing range. 

Add i t i on  o f  the above mentioned changes w i l l  qua1 i f y  t he  t o o l  f o r  

contingency demate d u r i ~ g  f l i g h t  segment s tack ing.  

REVISION - 
88942- 1 .9  

ooc No TWR-16829 VOL 

SEC PAGE 63 



f. Leak Test System (C77-0457) Cer t i f ied .  Leak checks are requi red on 

every f i e l d  j o i n t  dur ing SRB stacking. This process not  only  ensures 

the primary and secondary f i e l d  j o i n t  seals are funct ional ,  bu t  v e r i f i e s  

the primary and secondary O-rings are seated i n  the proper p o s i t i o n  p r i o r  

t o  i g n i t i o n  pressure appl icat ion.  Ouring the ATA t e s t ,  a  leak check was 
performed on the t e s t  j o i n t  during t h ~  f i r s t  f u l l  (dry) mate. A leak 

check on the second f u l l  mate, was deleted 

The 8U75902 leak t e s t  system was used on ATA, and the same system 

i s  planned f o r  use on the Q u a l i f i c a t i o n  Motors (QMs) and f l i g h t  stacking. 

An i l l u s t r a t i o n  of the leak check equipment and t e s t  j o i n t  schematic can 
be seen i n  Figure 7-5. The two p r i n c i p l e  components consis t  of:  1) the 

data acqu is i t ion  panel, and 2) GN2 leak check panel. A f a c i  1  i t y  o r  
K-bot t le  supply i s  used t o  provide the GN2 f o r  j o i n t  leak evaluation. 

The t e s t  j o i n t  and system components were connected w i t h  hard 1 ines, or  

nonf l e x i b l e  tubing. 

Due t o  t h i s  t e s t  (ATA) being the f i r s t  use o f  the upgraded system 

(a prototype was used on the DM-8, DM-9, and JES-30 tes ts ) ,  some problems 

were na tu ra l l y  encountered w i t h  the hardware. The primary problem was 

valve s t i ck ing .  The valves used on the equipment were custom made, and 

i t  was found tha t  the operators would t i gh ten  them too much, causing 

the valve needle t o  bind. During the tes t ,  t h i s  was temporari ly resolved 

by removing the handle and gent ly  s t r i k i n g  the valve w i t h  a s o f t  hammer. 

This problem w i l l  be resolved by incorporat ion o f  a t-orque l i m i t i n g  

ratchet  type handle, t ha t  w l l l  f ree spin once the preset torque 1 i m i t  i s  

reached. Also the surface f i n i s h  o f  the p o r t  components were changed 

from 32 t o  20, t o  reduce the p o s z i b i l i t y  o f  s t i ck ing .  Other improve- 

mects t o  the hardwa1.e under considerat ion include incorporat ion o f  con- 

voluted f l e x  l i nes  t o  replace the cur ren t ly  used hard tubing (it was 

found ccmrnon f l e x  l i nes  leak). Tests are cur ren t ly  being performed t o  

ensure the convoluted f l e x  l i n e  volumes do not  change w i th  pressur i -  

zat ion, thus adversely e f f e c t i n g  the leak ra te  calculat ions.  
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Some program software d i  screpancies were a1 so determi ned. The 
software program conta ins over 8,800 1 ines o f  code, and no t ime had been 
ava i l ab l e  t o  completely debug the  program p r i o r  t o  use up on t he  t e s t  

l e v e l .  There were no problems w i t h  data a c q u i s i t i o n  and record ing (so 

no measurements repeats were necessary), b u t  d iscrepancies were found 
i n  the  data reduct ion.  Some r e a l  number syntax e r r o r s  were a lso  found. 
These were subsequently co r rec ted  and t h e  j o i n t  l eak  r e s u l t s  were deter -  

mined. Other sof tware improvements be ing made deal w i t h  operator  
i n t e r a c t i o n .  Before, sequence i n i t i a t i o n  and te rmina t ion  were d r i ven  

by the  computer c lock.  * i  t he  operators were no t  ab le  t o  perform the  

r i ~ h t  f unc t i on  i n  a  s p e c i f i e d  t ime (such as opening o r  c l o s i n g  a valve),  

s  juence con t inua t ion  would s t i  11 occur. Changes have been made so t he  
o;~erator s t a r t s  and ends the  var ious t e s t  sequences, a1 1 owing v e r i  f i- 

ca t i on  o f  proper equipment f unc t i ona l  i t y  p r i o r  t o  measurement. Updates 
are a lso  be ing made t o  d i sp l ay  measured values as they are acquired, 
a1 1 owing hand ca l cu l a t i ons  dur ing  the  procedure i f  desired. When the  
leak  check process i s  complete, a  f i n a l  summary i s  p r i n t e d  f o r  review. 

The f i n a l  l eak  check r e s u l t s  from the  ATA t e s t  are  discussed i n  

Sect ion 7.2. Both h igh  and low pressure t e s t s  were performed on the  

primary/secondary O-ri ng c a v i t y  and pr imary/capture fea tu re  O-ri ng 

cav i t y .  A l l  f ou r  leak  r a tes  passed the  l i m i t  c r i t e r i a  by ample margin. 

A very s l i g h t  negat ive leak r a t e  was measured dur ing  the  low pressure 
primary/secondary volume t e s t .  This negat ive value i s  cons is ten t  w i t h  
o ther  leak  t e s t s  i n  the  pas t ,  and i s  due t o  gas exudat ion from the  

O-rings. This t e s t  sequence occurs a t  30 p s i ,  and f o l l ows  the  1,000 p s i  
t e s t .  Dur ing the  h igh  pressure t e s t ,  GN2 i s  absorbed i n t o  the O-rings, 

and exudes when t he  pressure i s  reduced. 1n t h i s  case the gas re lease 
r a t e  from the  O-r ing exceeded the  c a v i t y  leak  r a te ,  hence the  negat ive 

value. This undesirable cond i t i on  has been i nves t i ga ted  and e l  iminated 
w i t h  a  change i n  the p ressu r i za t i on  sequencing. 

Recommended improvements t o  t he  leak  check procedure inc lude  leak  

check s o l u t i o n  a p p l i c a t i o n  t r a i n i n g .  Upon j o i n t  disassembly, r u s t  was 
found a t  the  45-deg leak check p w t .  This was a t t r i b u t e d  t o  excess leak  

REVISION - 
88942-1.11 



M m o ~  THIOKOL INC 
Space Operations 

check s o l u t i o n  be ing d r i bb l ed  down t he  segment i n t o  the  j o i n t .  No r u s t  

was found a t  the 135-deg p o i n t  because (poss ib ly)  a  rag  was placed below 

the  p o r t  (a rag  can e a s i l y  be placed below t h a t  p o r t ,  whereas a t  the  

45-deg l o c a t i o n  i t  cannot). Updates t o  the  p lanning a re  be ing made t o  

a l l e v i a t e  t h i s  problem i n  the  f u tu re .  

Use o f  the  leak  check equipment, and eva lua t ion  o f  t he  procedures 

c e r t i f y  the  leak check equipment f o r  use dur ing  f l i g h t  motor segment 

s tack ing op2rat ions.  

Auxi 1  i a r y  Shaping Tool (H77-0470) Not C e r t i f i e d .  The auxi  1  i z r y  shaping 

t o o l  i s  a  contingency device t o  a i d  i n  segment mating. I f  s a t i s f a c t o r y  

segment tang shaping cannot be obtained by maf i ipulat ing the  load between 

the two-beam ax is ,  t o o l  use i s  requi red.  The t o o l  was no t  used dur ing  

the ATA t e s t .  

Mechanical Case-to-Insul a t i o n  Bond1 i n e  Inspec t ion  K i t  (Air Load Test) 

(C77-0475) Ce r t i  f ied.  

1. Clev is  Inspect ion.  On 11 Dec 1987 the  a i r  load t e s t  was performed 

on the ATA a f t  cen te r  c l e v i s .  An eva lua t ion  o f  the unbonci i nspec t ion  

r e s u l t s  are discussed i n  Sect ion 7.3, as t h i s  sec t ion  dea?s p r i m a r i l y  

w i t h  the  t o o l  use. An i l l u s t r a t i o n  o f  the  2U129799 a i r  l oad  t o o l  as 

used on the c l e v i s  can be seen i n  F igure 7.6. An 80 25 p s i  a i r  

source i s  used f o r  the  a i r  j e t  supply, wh i l e  the g ~ i d e   bloc^ ensures 

co r rec t  j e t  placement. The video probe (shown i n  the guide b lock)  

i c  connected by cab le  t o  the  record ing  and r ;~un i to r ing  equipment. The 

video and a i r  f i  1  t e r  systems were placed on the p l a t f o rm  above the  

c l e v i s  (B l e v e l )  du r ing  t o o l  use. The a i r  f i l t e r i n g  and d r y i ng  

system was connected t o  the  f a c i l i t y  a i r  on D r oo f .  P r i o r  t o  ac tua l  

inspect ion,  a  mellon, ( o i l  and p a r t i c u l a t e )  sample o f  the a i r  was 

taken i n  order t o  v e r i f y  the  hazard ana lys is  requirement, (MSFC 

Proc. 404 Spec). 

The actua l  i nspec t ion  operat ion took under 5 h r .  Due t o  pro- 

cedural t r a i n i n g  2nd equipment fami 1  i a r i  t y  t h a t  has s ince occurred, 

f u t u r e  inspec t ion  t i m e l i n e  estimates are 3  t o  4  h r  per j o i n t .  
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Pigure 7-6. Mechanical Case-to-Insulation Bondline Inspection (air load 
on clevis end) 
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The operat ion procedure was a1 t e red  s l i g h t l y  from t h a t  as 
o r i g i n a l l y  intended. Ins tead  o f  pushing the t o o l  f o r  a c lockwise 
inspect ion,  the  t o o l  operated more smoothly by p u l l  i ng (counter 
clockwise). The speed o f  i nspec t ion  va r ied  from 100 sec/lO deg t o  

60 sec/lO deg. The video f i e l d  o f  view was 0.718 inches. UnSonds 
were p l a i n l y  detectab le  and v i s i b l e .  InspectSon r e s u l t s  i n d i c a t e  
t he  a i r  j e t  does no t  en large unbonds. If the  a i r  does cause a 
p rev ious ly  undetected unbond t o  open up, i t  i s  f e l t  t h a t  g i x l  case 
bond was no t  present i n i t i a l l y .  

One d i f f i c u l t y  encountered du r i ng  t o o l  use was communication 
problems between t he  t o o l  and key board operators,  due t o  excessive 
a i r  f l ow noise. Th is  problem could  be e l im ina ted  through a headset 
intercom system between t he  t o o l  an keyboard operators.  Also, the  
weight o f  t he  v ideo and a i r  l i n e s  caused a t o rqu ing  o f  the  p l a s t i c  
a i r  probe, making p rec ise  placement d i f f i c u l t .  Support added t o  
these l i n e s  would e l im ina te  t h i s  prc5lem. Grease l e f t  on the  inner  
c l e v i s  l e g  was blown i n t o  the  unbond, which creates s i g n i f i c a n t  
grease removal and unbond r e p a i r  problems. It i s  recommended t h a t  
a1 1 inner  i n s u l a t i o n  surfaces be thoroughly cleaned o f  a1 1 grease 
p r i o r  t o  t o o l  use. 

Tang Inspect ion.  The a i r  load bondl i ne  inspec t ion  t o o l  was no t  used 

t o  inspect  any segment capture fea tu re  ( tang) dur ing  the  ATA t e s t .  
The planned procedure f o r  capture fea tu re  bondl i ne i nspec t i on  speci - 
f i e s  the  t o o l  speed w i  11 be no g rea te r  than 5 sec/deg, and the  t o o l  

operator w i l l  c a l l  ou t  a s i gna l  every 2 deg. This d l  1 then be 
annotated on bo th  t he  v ideo screen and data sheet. Unbond measure- 
ments, if any, w i l l  then be taken an" recorded on the data sheet. 

Air load t e s t  equipment use dur ing  the  ATA t e s t  s u f f i c i e n t l y  
demons t r~ ted  t o o l  performance f o r  use on f l i g h t  segments. Even 
though no inspect ions were performed on the tang dur ing  ATA, equip- 

ment use on o ther  segments (DM-9) q u a l i f y  the  t o o l  f o r  use on f l i g h t  
segments. 

TWR- 16829 
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i. Comparator (A77-04771 Not !ki*ti f ied.  The comparator was no t  used dur ing  

the ATA t e s t ,  thus, an eva lua t ion  o f  the  t o o l  opera t ion  i s  no t  inc luded 
i n  t h i s  repor t .  

i. Ul t r ason i c  Case-to-Insulat ion Bond? i n e  I n s ~ e c t i o n  K i t  (C77-0479) 

C e r t i f i e d .  U l t r ason i c  inspect ions a re  f o r  de tec t ion  o f  unbonds b e & ~  2n 

the case and i n s u l a t i o n  i n  the  c r i t i c a l  segmevt j o i n t  area. Dur ing ATA, 

u l t r a s o n i c  t e s t s  were conducted on t he  a f t  center  segment tang and the  

a f t  segment c l e v i s  j o i n t  areas. An i l l u s t r a t i o n  of t he  2U129431 i n -  

spect ion probe as used on the  tang capture fea tu re  inner  w a l l  i s  i n  

F igure 7-7. 

1. Tar~g Inspect ion.  The i ~ ~ p e c t i o n  o f  the  a f t  center  segment tang was 

conducted on 18-19 !iov 1%;. Gurat ion o f  the t e s t  was approximately 

9  hr .  This inspec t ion  was pei.T~rm~ad wi thout  t he  advantage o f  a  

ca l  i b r a t i o n  standard; an actua l  p iece e . '  a segment w i t h  a  known 
good bond and a known bad h m d  was U S C ~  t o  ad jus t  the inspec t ion  

system. A c a l i b r a t i o n  standacd s i i  1 he used on a l l  f u t u r e  inspec- 
T! t i o n s .  hti' t.he t ime o f  the  ATA t e s t  n o w  were ava i  jaole, : IIC 

t c s t  r e v ~ ~ l e c :  ~ons : s ten t  u l t r a s o n j c  response t h r o u g h ~ u t  the  c i rcum- 

f ! w i ' c e  ? c  the ,..;-ymt! :nd ica t ing  a good bond i n  the e r i i i r e  t es ted  

avea (;,su,, 'rl3 ti". i tc: : Mi,, c o r r e c t l y  ca115ratl;d). 

2. C l e ~ : s  In, :ef.:im. r .  .- .,;; t i o n  o f  :he a f t  segment : levis was con- - ----. - 
ducted on ?: ' -31 ;io\l 1987 and las ted  approximately 2C h r .  F igure 7-8 
i l l u s t r a t i ,  how . r :=  pea':> i s  placed dur inq  use. A c a j i b r a t i o n  

standard wa.; a a i l a b i e  and used f o r  t h i s  t c s t .  Once again the  t e s t  

revealed a cons is ten t  u l t r a s o n i c  response, i n d i c a t i n g  no unbonds i n  
t h i s  area. Local p inho le  scan res ~ l t s  a l so  i nd i ca ted  no debonds. 

P r i o r  t o  use on f l i g h t  segrents, the  p l a s t i c  sp r i ng  covers w i l l  
be replaced. The 2 P n  and p inho le  scanners w i l l  be te thered  t o  

p r o t e c t  them from be;i;g dropped. Use o f  a  smal ler  t ransducer on 

t h e  capture fea tu re  w i  11 a lso  be introduced. 

Eor f u t u r e  t e s t s  i t  i s  recommended a second magnetic t r a c k  be 

procured. This w i  11 reduce t e s t  t ime by a l low ing  the  scanner t o  
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Figure 7-7.  U l  t rason ic  Inspect ion- - Inner  Wall  o f  Capture fea tu re  
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Figure 7-8. Ultrasonic Inspection--Inner Clevis Wall 



r o l l  from one t e s t  t rack  t o  the next. During the ATA t es t ,  only one 

t rack  was avai lab le,  which required removal o f  the scanner from the 

t rack,  t rack  reposi t ion ing,  and r e i n s t a l l a t i o n  o f  the scanner. The 
t e s t  system i s  de l i ca te  and should not  be moved more than absolutely 

necessary. I t  i s  recommended a permanent l oca t i on  be selected where 

the equipment can be kept, and then be qoved only when necessary. 

Tang and c lev i s  inspections performed dur ing ATA (and DM-9) 

sa t i s fac to ry  qua l i f y  the t o o l  f o r  use on f l i g h t  stacking. 

k. Jo in t  Insu la t ion  P r o f i  l e  Me'suring K i t  (J-seal P r o f i  1 e) (C77-C481) 

Cer t i f i ed .  J-seal p r o f i i e  measurements are made on both the j o i n t  tang 
and c l e v i s  t o  determine the in ter ference p r o f i l e  p r i - . .  t o  j o i n t  mate. 

The meas~:wnent resu l t s  are discussed i n  Section 7.3, as only the too l  
uFe i s  discussed here. 

A schematic diagram o f  the 2U129541 p r o f i l e  inspect ion t o o l  as used 

on the c lev i s  can be seen i n  Figure 7-9. Tke c lev i s  p r o f i l e  measurement 

took ove? 17 h r  w i t h  the use o f  two too ls  (180 pinhole locat ions).  A f te r  

equipment fami 1 i a r i z a t i o n  and operator t ra in ing ,  the expected inspect ion 
time i s  8 min per/pinhole, or  12 h r  w i t h  two t o ~ l s .  The current  t oo l  
design i s  simple, bu t  too l  use could be made easier and quicker w i th  the 

advent of a second depth micrometer. 

The cle: i s  measurements are easi l y  taken (working over the segment), 

whereas tang measurements requi re working under the segment. The too l  
as set used on the tang i s  i l l u s t r a t e d  i n  Figure 7-10. The operators are 
required t o  always be looking up, and cont inua l ly  have a hand on the 

depth rod - 3  as t o  nc; t o  l e t  i t  f a l l  t o  the ground. The tang measure- 
ments took more than 19 h r  w i t h  the use o f  two too l s  (180 pinhole l o -  

cations). Clevis and tang measurement times could possi b i y  be decreased 
cy using a t h i r d  too l ,  bu t  then equipment and personnel in ter ference may 

occur, as we1 1 as a problem w i th  the number o f  persons atvailable or  

q u a l i f i e d  t o  operate t5e tools .  

Future design changes and improvements include another p r o f i l e  too; 

designed t o  at tach t o  each end o f  the propel lant  slump too l .  This new 
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t o o l  design uses glass scales and LVDTs t o  take the  same measurements 

as t he  o r i g i n a l  p r o f i l e  t o o l .  A c r i t i c a l  design review (CDR) present-  

a t i o n  and hazards ana lys is  w i l l  be performed p r i o r  t o  q u a l i f i c a t i o n  t e s t  

use. Long range p lanning i s  a l so  i n  e f f ec t  f o r  an au to - laser  p r o f i l e  

t o o l .  

Although bo th  tang and c l e v i s  measurements were very t ime consuming 

and design imprwements are be ing implem?nted, the t o o l  i s  c u r r e n t l y  

qua1 i f i e d  f o r  use on f l i g h t  segments. As s i g n i f i c a n t  changes a re  made, 

c e r t i f i c a t i o n  w i l l  be made e i t h e r  by separate t e s t s  o r  t o o l  s i m i l a r i t y .  

J-seal  Terminus Inspec t ion  System (F iber  Opt ics) (C77-0485) C e r t i f i e d .  

The Qurpose o f  t h i s  inspec t ion  i s  t o  reveal  any cracks,  cu t s  o r  tea rs  
present i n  the  J-seal  t e r m i ~ u s  region. An i l l u s t r a t i o n  o f  the  2U123578 

wand placement dur ing  inspec t ion  i s  i n  F igure 7-11. Terminus i nspec t i on  

i s  performed w i t h  t he  f i b e r  o p t i c  probe i nse r t ed  i n t o  the  reg ion  by means 

o f  r r ~ . b e  head. The f i b e r  o p t i c  image i s  then c a r r i e d  t o  the  camera and 

recoraed on videotape, whi 1e be ing d isp layed simultaneously on a monitor.  

S l  i g h t  downward pressure i s  then app l ied  t o  the  probe, causing the J-seal  

terminus t o  open. This expansion causes e x i s t i n g  defects  t o  become more 

obvious t o  the  observer. 

Tany inspec t ion  was done wh i l e  the  a f t  center  segment was hanging i n  

zhs t r a n s f e r  a i s l e .  Locations every 10 deg were recorded on videotape f o r  

About 11 h r  were required. A f t e r  add i t i ona l  operator  
i o n  t ime can probably  be s i g n i f i c a n t l y  reduced t o  about 

f u t u r e  reference. 

t r a i n i n g ,  exami r. > ? .  

3 h r .  

A r e l a t i v e l y  

terminus area. No 

dust were found i n  

ence. One susaect 

la rge  amount o f  d i r t  and/or dust  was found i n  the  

abnormal i t i e s  o ther  than t he  above mentioned d i r t  and 

t he  J-seal  terminus area around the  e n t i r e  c i rcumfer-  

area was noted a t  approximately 57 deg, b u t  was l a t e r  

determined t o  be some type o f  debr i s ,  e i t h e r  d i r t  o r  dust. Debr is was 
a lso  found t o  be concentrated around the  rubber mold f l a s h i n g  approxi-  

mately every 15 deg. This was t o  be expected and was no t  a cause f o r  

concern. No t r anspo r t a t i on  o r  handl ing defects  were found i n  the  J-sea: 

terminus area p r i o r  t o  j o i n t  mating. 
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A recommended improvement t o  t h i s  GSE equipment i s  a  reduc t ion  o f  
t he  cu r ren t  wand width.  This would a l l ow  eas ie r  l a t e r a l  movement 
w i t h i n  t he  J-seal ,  avo id ing  the  need t o  remove t he  wand and r e i n s e r t  i t  

a t  t he  new measurement pos i t i on .  The f i b c r  o p t i c  cable connect ion t o  

the  camera needs t o  be dead ended t o  prevent  r o t a t i o n ,  otherwise deter -  
min ing crack o r i e n t a t i o n  i s  no t  poss ib le .  I t  i s  a l s o  recommended t h a t  
o f f 1  i ne computer enhancement and characcer i  z a t i o n  be done t o  f u r t h e r  

evaluate f u t u r e  inspec t ion  r esu l t s .  I'i t h i s  cannot be done, a  leader  
should be prodcced on the  inspec t ion  iape  t o  exp la i n  t he  images. 

A1 though areas o f  t o o l  improvement were i d e n t i f i e d ,  t o o l  use was 
q u a l i f i e d  f o r  f l i g h t  segments du r i vg  the  ATA t e s t .  

m. 3-seal Bondline I n s p c t i o n  Tool (r877-0486) Not Ce r t i f i ed .  The J-seal  
bondl ine inspec t ion  t o o l  i s  used t o  eva luate t he  j o i n t  i n s u l a t i o n  con tac t  
du r ing  segment mate. The use o f  t h i s  t o o l  was de le ted  from the  ATA t e s t .  

I n s t e  a  J-seal bondl ine i n s p x t i o n  was performed by  a  man en te r i ng  
the  bl ;e by Boson's c h a i r  and inzpect ing the  area v i s u a l l y  w i thou t  any 

magn i f i ca t ion  o r  f i b e r  op t i c s .  

n. Assemr l y  Ins t rumentat ion (C77-0487) C e r t i f i e d .  A schematic diagram o f  

t h e  ;sembly ins t rumentat ion used dur ing  ATA i s  shown i n  F igure 7-12. 
The p r i n c i p l e  components shown are t he  hydraset, t he  4 -po in t  1 i f t i n g  
beam (which i s  a l s o  used t o  shape the susoended segment), and the  f ou r  

temposonic he igh t  gages, each located 90 deg apar t  on the  segment. The 
var ious e l e c t r o n i c  support  equipment i s  a l so  shown. 

Hydraset. D i r e c t l y  underneath the  crane b lock  and above the  l i f t i n g  

beam i s  t he  hydraset,  which i s  a  hydrau l i c  device t h a t  a l lows 
extremely sens i t i ve  v e r t i c a l  movement con t ro l  i n  e i t h e r  :he up o r  
down d i r ec t i on .  Segment movemen: from the  t r a n s f e r  a i s l e  t o  a  small 
d is tance (2 t o  3 i n .  ) above t he  lower SRB stack i s  accomplished by 
t he  crane, as i s  a lso  t he  segment center ing,  o r  r e l a t i v e  ax i s  

p o s i t i o n  a1 ignment. C r i t i c a l  v e r t i c a l  movement du r i ng  mate and 
demate operat ions i s  c o n t r o l l e d  by the hydraset,  enab l ing  the  re -  

qu i red  s e n s i t i v i t y  t o  meet the  lower ing and separat ion ra tes.  
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Figure 7-12. Assembly Instrumentat ion 
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Although t h i s  c r i t e r i a  was met dur ing  t he  ATA t e s t ,  i t  i s  f e l t  t h a t  

add i t i ona l  operator  t r a i n i n g  should be done t o  ensure a l l  f u t u r e  

s tack ing  operat ion r a tes  are met. It was a l so  found t h a t  segment 

movement lags t he  i nd i ca ted  hydraset load s l  i g h t l y .  Operator 

awareness o f  t h i s  f a c t  i s  impor tant  du r i ng  c r i t i c a l  operat ions i n  
order  t o  avo id  over c o r r e c t i n g  t he  hydraset f o r  segment movement. 

Dur ing the  ATA t e s t ,  hydraset c o n t r o l  and mon i to r ing  was done 

a t  a  d i f f e r e n t  s t a t i o n  from where the  beam loads were d isp layed and 

the  temposonic data were output.  Operator communication was ensured 

w i t h  the  use o f  headphones and an intercom system. Incorpora t ing  

the  hydraset readings i n t o  t he  temposonic data a c q u i s i t i o n  system 
would no t  on ly  prov ide a cen t ra l  readout p o i n t  du r i ng  mate and de- 

mate operat ions,  b u t  a i d  i n  data ana lys is  as we l l .  The f e a s i b i l i t y  

o f  t h i s  i s  c u r r e n t l y  be ing inves t iga ted .  

4-Point  L i f t i n g  Beam (H77-V0384). The 4 -po in t  l i f t i n g  Seam has t he  

c a p a b i l i t y  t o  vary the weight between a complete 2-po in t  suspension 

on one ax i s  t o  a  complete 2 -po in t  l i f t  on the  oppos i te  ax is ,  and any 

& p o i n t  1  i f t  combination i n  between. S ix teen segment suspension 

p i ns  a re  used a t  each l oca t i on ,  making a t o t a l  o f  64 p i ns  used t o  

support the  segment weight. Each beam drop conta ins a  load p i n ,  used 

t o  determine the  load a t  t h a t  l oca t ion .  The load p i n  d i sp l ay  parre1 

shows the  load on each o f  the  f o u r  beam load p ins ,  the  combined load 

f o r  each beam ax is ,  and the  t o t a l  beam load. As w i t h  the  hydraset 

readout, t h i s  d i sp l ay  panel was independent o f  the  o ther  assembly 

ins t rumentat ion.  Load p i n  data i s  presented and discussed i n  

Sect ion 7.2. I t was recommented and i s  be ing implemented t h a t  the  

beam load readings be incorporated i n t o  the  temposonic data acqui-  

s i t i o n  system. It was a lso  found t h a t  the  load p i n  readings were 

o f t e ~  d iscrepant ,  and would vary from hydraset readings by as much 

3s 10,000 lb .  The reasons f o r  t h i s  and any recommended so lu t i ons  

are c u r r e n t l y  being invest igated.  
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Premate segment para l  l e l  ism, o r  t he  pa ra l  l e l  v a r i a t i o n  between 
t he  bottom o f  t h e  tang and top o f  t h e  c l e v i s  p r i o r  t o  mating, was 
e a s i l y  achieved dur ing  the  ATA t e s t  w i t h  t he  use o f  t he  l i f t i n g  
beam. The beam contains two pneumatic actuators  o r i en ted  90 deg t o  

one another which a re  capable o f  t i l t i n g  t he  seggent and beam w i t h  
a fo rce  o f  10,000 l b  each. The loads from the  loat i  p i ns  i n  each 

ac tua to r  are a l so  d isp layed on t he  beam load readout panel. These 

actuators  worked w e l l ,  b u t  i t  i s  recommended t h a t  a sca le  be 
at tached t o  each so the  phys ica l  ex tens ion o r  r e t r a c t i o n  can be 
known. 

Segment Shaping. Segment shaping c a p a b i l i t y  du r ing  t h e  ATA t e s t  was 

adequately demonstrated, bu t  i n s u f f i c i e n t  data were gathered t o  
generate a r e l i a b l e  model. Extensive shaping t e s t s ,  as def ined i n  
the t e s t  p lan, were no t  performed due t o  schedule cons t ra in ts .  A 
simp1 i f i e d  p resen ta t ion  o f  data gathered can be seen i n  F igure 7-13. 
Those data a re  loads from the  384 beam and s ine  bar  dev ia t ions  from 

c i r c u l a r  

The s o l i d  square a t  Po in t  1 ind i ca tes  wh i l e  the  0- t o  180-deg 
ax i s  had a load o f  about 155 k ips,  the re  was a p o s i t i v e  0.29 i n .  
dev i a t i on  from c i r c u l a r  aloog t h a t  same ax is .  The ho l low square a t  

Po in t  1 ind i ca tes  wh i l e  an apnroximate 155-kip load was on the 90- 

t o  270-deg ax is  ( o r  when the  segment was i n  an even 4 -po in t  l i f t ) ,  
there  was a negat ive 0.27 in .  dev i a t i on  from c i r c u l a r  a lcng  t h a t  
ax is .  I n  o ther  words, the  segment was oval  i n  an equal 4 -po in t  

suspension l i f t .  This o v a l i t y  was a lso  seen i n  the o l d  type hardware 
t o  approximately the  same valve. The boxes, labe led 2, show how the  
ax i s  lengths changed w i t h  beam load  va r i a t i on .  The weight was 

increased t o  230 k i ps  on the 90- t o  270-axis (ho l low square), and 
docreased t o  70 k ips  on the  0- t o  180-deg ax i s  ( s o l i d  square). Both 

ax i s  lengths s h i f t e d  approximately 0 . 1  i n .  towards t he  zero pos i t i on .  
The s i g n i f i c a n t  po in t s  o f  t h i s  p l o t  a re  Poin ts  3 and 4.  They show 

t h a t  the  ax i s  lengths were c l oses t  t o  each o ther  ( o r  the  segment was 
most round) when most o f  the  segment weight was on the  90- t o  270-deg 

LUX no. TWR-16829 I m 
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axis. The s h i f t  between Points 3 and 4 represents the segment 
ccnt inuing t o  shape wh i le  i n  tha t  same load suspension. Due t o  the 
segment size, shape, and prope l lan t  modulus charac ter is t i cs ,  there 
i s  a s i g n i f i c a n t  t ime delay between app l ica t ion  o f  the beam loads 
and f i n a l  segment shape response. It i s  f o r  t h i s  reason t h a t  seg- 
ment shaping tes ts  requi re so much time, and they were severely 
impacted by schedule constra ints '  Paints 5, 6, and 7 ind ica te  the 
remaining segment resporxe and hysteresis e f fec ts  (path up i s  
d i f f e r e n t  from path tow)  o f  continued beam load var iat ions.  

The important ,joints learned from the segment shaping performed 
during ATA are: 1; i n  d 4-point l i f t  the segment was not round, 
2) hysteresis e f fec ts  can be seen from the segment shaping, and 
3) more energy i s  concentrated along a segment ax is  i n  a 2-point 
l i f t  than a 4-point l i f t .  (Shape changes w i t h  respect t o  t ime are 
greater i n  a 2-point l i f t  than a 4-point l i f t ) .  

In conclusion, i n s u f f i c i e n t  shaping data were acquired dur ing 
the ATA t es t .  It i s  recommended mwe segment shaping dats be 
analyzed d u r i n ~  f l  i q h t  stacking, t o  enlarge the data base and re- 
f i n e  the segment skapi ng modei . 

3. Temposonics (C77-0487). The temposo~ic gages are used f o r  a l l  mat 
and demating operations t o  monitor the segment v e r t i c a l  posi t ion.  
-our modified 8U75919 gages were placed a t  the 2-, 92-, 182-, and 
272-deg l w  ::ions dur ing the ATA t es t .  Not only  can each l oca t i on  ' s 
v e r t i c a l  posi t i o n  be determined, bu t  sebment ou t -o f -para l le l  i sm can 
read i l y  be monitored by tak ing  the d i f ference between the two 
opposite points  on each axis.  Numerous f igures o f  temposonic data 
were presented and discussed i n  Section 4. The temposonic data are 
acquired and reduced by a personal computer, where i t i s  displayed 
real  time on the screen and recorded on a hard d isk.  This real - t ime 

d isp lay proved extremely useful during mating and demati ng pro- 
cedures. A f te r  a f i l e  has been generated, the data are dumped onto 
a f loppy d isk  where they are taken t o  another computer f o r  p l o t  
generati on and tabu1 a r  1 i s  ti ngs. 
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As mentioned above, the  hydraset and beam load  readings a re  d i s -  

p layed e l  sewhere, so operator  :oordinat ion du r i ng  c r i t i c a l  sequences 

i s  achieved through t he  use o f  headsets and an in tercom system. The 

hean lou& ?re be ing incorporated i n t o  t he  temposonic data d i sp l ay  

and a c q u i s i t i o n  system, and the  f e a s i b i l i t y  o f  i n c l ud ing  t he  hydraset 
readings i s  c u r r e n t l y  under study. 

T~~ roughou t  t he  ATA t e s t ,  t he  assembly ins t rumenta t ion  used 

i x t i c a t e s  i t  i s  c e r t i f i e d  f o r  use on segment s tack ing  f o r  f l i g h t  

motors. 

o. Slump Measuring Tool (C77-0488) C e r t i f i e d .  The 8U75P23 slump gage was 

used dur ing  the  ATA t e s t  t o  measure propel  l a n t / i n s u l a t i o n  sur face a x i a l  

dimensions. Measurements were performed on the  a f t  segment c l e v i s  end 

and both ends o f  the a f t  center  segment.. A schematic diagram s f  the t o o l  

can be seen i n  F igure 7-14. I t  can been seen the gage uses (LVDTs) t o  

measure 14 loca t ions  a long the  segment diameter. Data a re  routed through 

the var ious support e l e c t r o n i c  equipment, and are recorded by the  data 

1 ogger. 

The slump t o o l  setup procedures as i n i t i a l l y  out1 ined i n  t he  OM1 
were r e f i n e d  dur ing  the  ATA t e s t .  Once the t o o l  was setup and c a l  i- 
brated, however, a1 1 measurements were made q u i c k l y  and e a s i l y  ( i n  about 

15 min). The i n i t i a l  t o o l  setup and i a i i b r a t i o n  took over 5 h r ,  however, 

w i t h  the  increased operator  t o o l  f a m i l i z r i t y  i t  now takes about 2 hr.  
Dur ing i n i t i a l  operat ion some minor problems were encountered and 

qu i ck l y  resolved. I n  one instance, an inboard LVDT plunger missed the 

p rope l l an t  surface and extended i n t o  the bore. This occurred a t  one 

l o c a t i o n  and was due t o  the  oval  segment shape. 

A recommendation c u r r e n t l y  being worked f o r  improved f u t u r e  slump 

t o o l  use i s  i n c w p o r a t i o n  o f  the computer data system i n  place o f  the 

data logger. A l i g h t e r  b u t  s t i f f e r  beam would a l s o  increase performance, 

as the cu r ren t  beam weighs about 150 Ib .  A l l  data p r i n t o u t s  i n  t he  

f u tu re  w i l l  a l so  be inc luded immediately i n  the O M I ,  r a t he r  than j u s t  

recorded as was done i n  the past.  





Compar~d t o  t he  previous mechmica l  slump t o o l  performance, t he  

r e s u l t i n g  reduct ion i n  data c o l  l e c t i o n  t ime i s  s i g n i f i c a n t .  Improved 

accuracy i s  a l so  achieved w i t h  new slump gage use. I n  c o n c l ~ s i o n ,  t he  

slump measuring t o o l  i s  q u a l i f i e d  f o r  f u r t h e r  use. 

7.2 STRUCTURAL APPLICATIONS 

7.2.1 1r; t roduct ion -- 
This sec t ion  p i  ~ c u s s e s  '.Y: s t r u c t u r a l  appl i c a t i o n s  areas o f  i n t e r e s t  o f  t he  

ATA tes t .  O f  1rima;y 1nici;est were t he  r e t a l  pa r t s ,  s o f t  goods (O-rings, 

V-2 f i l l e r ) ,  T ,r1 leak check. Evaluat ion o f  the  metal p a r t s  inc ludes  grease 

appl i c a t i o n  p r i o r  t o  segment mating, hardware s t r a i n s  and stresses induced 

dur ing  FJAF to rqu ing  and mating, and postmate inspect icns f o r  marr ing,  

sc ra tch i  , IS ,  o r  damage. So f t  goods eva:ilation concerns the greasing, com- 

pression, and inspec t ion  o f  the  ;of t  p a r t s  f o r  damage bo th  p r i o r  and a f t e r  

mate. The leak  check equipment was discussed i n  Sect ion 7.1.3, as on l y  an 

evaluation o f  the r e s u l t s  i s  presented here. 

7.2.2 O b j ~ c t i v e s  

The s t r u c t u r a l  appl i ca t i ons  c e r t i f i c a t i o n  ob jec t i ve  covered by  the  ATA 

t e s t i n g  i s :  

C e r t i  f y  

ins i l ' la t  

Devel opmen t a  

t h a t  the leak  t e s t  method i s  compatible w i t h  the  f i e l d  j o i n t  

i o n  t o  v e r i f y  j o i n t  seals. 

1 s t r u c t u r a l  t e s t  ob jec t i ves  t k a t  were met are: 

a. Cetermine mate/demate loads on hardware. 

b. Evaluate basel ine j o i n t  con f i gu ra t i on  f i t  dur ing  and a f t e r  mate. 

c. Gather ac tua l  data f o r  a n a l y t i c a l  comparison. 

d. Val i d a t e  procedures f o r  RSRM assembly/di sassembly and hand1 ing.  

e. Evaluate cond i t i on  o f  hardware and components from pos t - t es t  

measurements, inspect ions,  and data. 

Also o f  i n t e r e s t  was t he  eva lua t ion  o f  the f o l l ow ing  GSE. 

a. F i e l d  J o i n t  Assembly F i x t u r e  (FJAF) 

5. Leak Test System 

c. V e r t i c a l  Separation F i x t u r e  (VSF) 



7.2.3 Results and Discussion 

The main document used t o  stack/destack t h e  ATA t e s t  a r t i c l e  i s  KSC document 

OM1 65145. Thc OM1 document has Operat ional  Maintenar~ce Requirements Support 

Document (OMRSD) requirements i n  i t  t h a t  a re  c r i t i c a l  t o  t h e  s tack i ng  

i n t e g r i t y .  Morton Thiokol  suppl i e s  document TWA-791 which i s  Morton Thiokol  

i n p u t  f o r  the  OMI. 

The m a j o r i t y  o f  t e s t  procedures t h a t  were of i n t e r e s t  t o  s t r u c t u r a l  

appl i c a t i o n s  a re  contained i n  Drawing 7U75782. Th is  drawing s p e c i f i e s  the 

components t o  be used i n  t he  mat ing o f  the  a f t  s k i r t  j o i n t  ( a f t  s k i r t / a f t  

segment), and components used f o r  mat ing the ATA f i e l d  j o i n t  ( a f t  segment/aft 

center  segment). It a1 so s p e c i f i e s  grease appl i c a t i o n ,  and i n s t a l  l a t i o n  o f  

the  O-rings, V-2 f i l l e r ,  j o i n t  p ins ,  and p i n  r e t a i n e r  c l i p s .  The leak  check 

o f  t he  KSRM f i e l d  j o i n t  c a v i t i e s  a f t e r  assembly i s  a l so  c a l l e d  out.  

7.2.3.1 Grease Appl i ca t i on .  A new grease appl i c a t i c n  procedure (STW7-2999) 

was in t roduced and incorporated on the  ATA t e s t  components. Th is  procedure, 

which has been used on DM-8 and DM-9 i n  a p re l im ina ry  stage, u t i l i z e s  the  

same grease as the  SRM design b u t  employs a l i g h t e r  appl i c a t i c n  on t he  

seal i n g  surface areas. Past daca i n d i c a t e  excessive grease can d i r e c t l y  

e f f e c t  the leak check c r i t e r i a .  Accordingly,  an a p p l i c a t i o n  procedure was 

w r i t t e n  t o  be leak check compatible, as we1 1 as be cor ros ion  prevent ive.  

This grease s p e c i f i c a t i o n  has been reviewed and i s  c u r r e n t l y  be ing updated 

t o  c o r r e c t  any e r r o r s  and reso lve the  rev iew i tem discrepancies (RIGSs). 

The procedure a1 so provides i n s t a l  l a t i o n  i n s t r u c t i o n s  f o r  t he  O-rings and 

V - 2  f i l l e r ,  and l i s t s  the  i n s t a l l a t i o n  t o o l s  requ i red  f o r  t h i s  procedure. 

The bare metal surfaces were cleaned before the  a p p l i c a t i o n  o f  the  

Conoco HD-2 (STW5-2942) grease was performed. A f t e r  the grease was a+p l ied  

the v i tong  V-2 f i l l e r  (SW3-3153) was i n s t a l l ~ d  i n  t he  r o o t  o f  the  capture 

feature,  then the O-rings (7175204) were i n s t a l l e d  p r i o r  t o  the f i r s t  f u l l  

mate. (C lev is  p r ima ry l se~vnda ry  and tang capture feature) .  

The O-rings used on ATA were 7U con f igu ra t ion .  The manufactur ing speci-  

f i c a t i o n s  o f  7U O-rings are d i f f e r e n t  from those o f  1U f l i g h t  con f i gu ra t i on  

O-rings bu t  were determined adequate f o r  assembly t e s t s .  
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Disassembly inspec t ion  o f  the  d r y  mate showed no major problems w i t h  

the s o f t  goods (O-rings and V-2 f i l l e r )  o r  j o i n t  metal regions. Grease on 

the metal surfaces was nominal, wh i le  the O-rings were s l  i g h t l y  over-greased. 

The ~i ton' V-2 f i l l e r  was s t i  11 p roper ly  seated w i t h  no ev:de~ce o f  over f  ill 
o r  damage. 

The grease app l i ca t i on  f o r  the  second f u l l  assembly on bare metal and 

O-r ing surfaces was completed per  STW7-2999. The O-rings had a wet look b u t  

were no t  heav i l y  coated w i t h  grease. A f t e r  the  grease was app l ied  and the 

0 - r i  ng were i n s t a l  led, the  i n s u l a t i o n  adhesive (5TW5-3479) was appl i e d  t o  

the J - j o i n t  area. 

Postmate inspect ion revealed the  c lean l iness  o f  t h i s  mate was not as 

good as the d ry  mate because the t r ans fe r  medium powder used t o  check ou t  
the J - j o i n t  dur ing the f i r s t  f u l l  mate was no t  completely cleaned o f f  o f  the  

c l e v i s  surface. The powder was found a l l  over the  wet mate sea l ing  surfaces. 

!t was attached t o  the grease a l l  over the  j o i n t  area. The contamination 

could no t  be determined t o  be a problem, as the leak  check was de leted from 

the wet mate. 

7.2.3.2 Mate/Demate Loads. Load moni tor ing devices consisted o f  a 250-ton 

hydraset i n  the 1 i f t i n g  arrangement (between the crane and the 4-poi n t  1 i f t -  
i n g  beam) and load p ins i n s t a l l e d  i n  the  l i f t i n g  a r range~en t  t o  mate t he  

c l e v i s  end o f  the a f t  center segment w i t h  the l i f t i n g  beam. Conparison o f  

these loads can be found i n  Tahles 7-3 and 7-4. 

Assembly Loads. The measurements o f  the mat ing forces were wide ly  var ied. 

Hydraset data (see Table 7-3) ind ica tes  an assembly fo rce  o f  9,000 l b  f o r  

the  d r y  mate, wh i le  load c e l l  measured values were 35,000 l b .  The h ighest  

assembly load was seen on the second mate (wet mate) which ind ica ted  an 

assembly load o f  some 56,000 l b .  

D i  sassembly Loads 

The f i r s t  f u l l  mate disassembly load of  the ATA segme "s (ca lcu la ted  

from the VSF hydraul ic  pressure) was no greater  than 42,000 15, which i s  

a lso  explained on Table 7-3. The actua l  separat ion load was probably less,  
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Table 7-3. Dry Mate Load Sumnary 

Hydraset OM1 Sequence 
Before Mate = 326,700 l b  (10-102) 
A f te r  Mate = 317,700 1b (10-136) 

Hydraset assembly load ca;culation--before mate l oad  minus a f t e r  
mate load equals assembly load  

Load Pins 
Before Mate (10-102) 

0 = -1,400 l b  
90 = 162,1001b 

180 = 2,100 l b  
270 = 148,100 l b  

A f te r  Mate (10-145) 
0 =  -1 ,500 Ib  

90 = 145,350 1b 
180 = 0 l b  
270 = 277,500 1 b 

Load c e l l  assembly load c a l c u l a t i o n  equals - Before mate t o t a l s  
of 0-180 and 90-270 minus a f t e r  mate t o t a l s  of 0-180 and 90-270. 

Separation Tool 
Maximum system pressure achieved on separat ion t o o l  = 850 p s i g  square 
Area o f  p'qton ( i n  inches) p l us  mechanical adv;ntage o f  system 

r )  

Assuming e i g h t  cy l i nde rs  a re  being used = 49.02 in .  L 

805 lb / in . '  gage x 49.02 in.' = 41,667 l b  

Disassec,oly fo rce  from separat ion t o o l  = 42,000 1b 
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Table 7-4. Wet Mate Load Sumnary 

Hydraset  OM1 Sequence 
Be fo re  Mate = 326,900 l b  (11-113j 
A f t e r  Mate = l b  

f t e r  Hydraset  assembly l o a d  c a l c u l a t i o n - - b e f o r e  mate l o a d  minus a 
mate l o a d  equals assembly l o a d  

Load P ins  
Before Mate (11-113) 

0 = 86,900 1b 
90 = 69,600 l b  

180 = 87,700 l b  
270 = 58,300 I b  

A f t e r  Mate 
0 = 1b 

90 = l b  
180 = 1b 
270 = l b  

Load p i n  assembly 1 oad c a l c u l a t i o n  equal s--before mate t o t a l  s 
o f  0-180 and 90-270 minus a f t e r  mate t o t a l s  of 0-180 and 90-270. 

302,500 l b  - 246,300* l b  = 56,200 l b  

Separa t ion  Tool- -Not  used 

%Moni tor ing  o f  assembly loads f rom load  p i n s  f rom 0. Cuminas notebook. 
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as extreme r a p i d  upward segment movement was seen when t h i s  l oad  was appl ied. 

Dur ing t he  wet mate disassembly, the h ighest  demate load was est imated t o  be 

2G,000 l b .  Th is  load was deduced by es t imat ing  the  weight o f  t he  dpper 

segment and l i f t i n g  beam, and then adding 20,000 I b .  Th is  t o t a l  sum load 

was then app l ied  t o  the hydraset. 

7.2.3.3 Leak Check Results. A f i e l d  j o i n t  l eak  t e s t  was performed on the  

ATA sn t he  VAB. Th is  leak  t e s t  represented the f i r s t  f u l l  scale t e s t  f o r  

the  upgraded 3U75902 GSE leak  t e s t  panel. The leak t e s t  employs the  method 

o f  pressure decay t o  c a l m l a t e  leak  ra tes .  The leak t e s t  equipment i s  used 

t o  p ressur i ze  and i s o l a t e  the  t e s t  j o i n t .  Test equipment prov ides rea l - t ime  

mon i to r ing  o f  pressure and temperature drwi ng t he  i s o l a t i o n  per iod.  Changes 

i n  pressure and temperature are then used t o  ca l cu l a te  the j o i n t  leak r a te .  

The leak  check procedure (STW7-3447) was used f o r  the f i r s t  t ime on 

f u l l - s c a l e  f l i g h t  hardware stacked Sn the  v e r t i c a l  pos i t i ons .  This procedure 

proved t e c h n i c a l l y  soph is t i ca ted  and very s e n s i t i v e  and q u i t e  prone t o  

problems o f  sof tware support ca l cu l a t i ons .  ATA was f i n a l  l y  determined t o  

have passed the  leak  check c r i t e r i a  o f  STW7-3447 a f t e r  two days o f  debugging 

the  system. The procedures and equipment s t i  11 need ref inement t o  make i t  

adaptable t o  the common worker and environment i t  needs t o  operate i n  a t  KSC. 

The leak  t e s t  r e s u l t s  are presented i n  Table 7-5. Test r e s u l t s  show a l l  

j o i n t s  t o  have acceptable leak ra tes .  

7.2.3.4 - Metal Parts Inspect ion.  For the  d ry  mate disassembly, t he  7U52919 

VSF was used. The crane l i f t i n g  arrangement was connected and the  weight o f  

t he  a f t  center  segment and dead weight o f  upper tens ion  band was pumped up 

on the hydraset. A l l  loose p ins  were then removed u n t i l  r m o v a l  came w i t h i n  
f i v e  p i n s  o f  an a1 ignment hole,  then t he  al ignment p i ns  were inser ted .  Th is  

worked a t  118 and 240 deg bu t  no t  a t  t he  0-deg l oca t i on .  It was decided t o  

go ahead and demate us ing the two al ignment p i ns  (118 and 240) ins tead  o f  
a l l  th ree.  

Also dur ing  t he  d ry  mate disassembly one s i ng le  p i n  would no t  come ou t  

a t  the 164-deg l oca t i on .  The segment was moved a t  the  0-deg l o c a t i o n  

0.375 i n .  ou t - o f - l eve l  t o  t ry  and f r e e  the  p in .  I t was f i n a l l y  removed by 
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Table 7-5. Leak Test Results 

J o i n t  - 

ATA 

F i e l d  

J o i n t  

Test Maximum 
Pressure A1 lowable 

Cavity ( p s i g j  (sccs) 

P-S 1,000 0.32 

(p-c) Ambient -0.32 

P-S 3 0 0.0082 

(p-c) Ambient -0.0082 

P-C 100 C.051 

(p-s) Ambient -0.051 

P-C 30 0.0082 

(p-s) Ambient -0.0082 

Measured 
Leak Rate 

(sccs) 

0.0066 

-0.0001 

-0.0003 

0.0000 

0.0039 

-0.0003 

0.0005 

-0.000: 

sees = Standard Cubic Centimeters Per Second 

P-S = Primary--Secondary Cavity 

P-C = Primary--Capture Feature Cavity 
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r e l e v e l i n g  the  segment and using the  hydrau l i c  ? i n  removal t o o l .  Th is  

a c t i o n  was i n  d i r e c t  v i o l a t i o n  o f  the  p lanning documents, and could  have 

resu l t ed  i n  c r i t i c a l  damage t o  bo th  tang and c l e v i s .  Post t e s t  inspect ions 

revealed no anomalies. No s i m i l a r  process ( o f  t r y i n g  t o  unbind a  p i n  by 

segment movement) s!- u l d  ever be attempted i n  the  f u tu re .  

Fur ther  disassembly inspect ions a f t e r  the  d r y  mate found ra i sed  metal 

a t  0 deg on the  c l e v i s  ou te r  l e g  ho le  and on the  tang al ignment s l o t .  Th is  

was a  r e s u l t  o f  the  above mentioned d i f f i c u l t y  encountered wh i le  t r y i n g  t o  

r e i n s e r t  the  al ignment p ins .  S l i g h t  bu rn ish  marks were a lso  found on the 
inner  c l e v i s  i n s i d e  diameter due t o  i n t e r f e rence  f i t  w i t h  the  tang capture 

feature.  S im i l a r  marks were a l so  observed on the  tang ou ts ide  diameter due 

t o  the  i n t e r f e rence  of the  tang segment and FJAF guide blocks.  

7.2.3.5 Nozzle P la te  S t a t i c  Analysis.  St ructures Design Research 

Corporat ion,  Inc .  (SDRC) conducted a  s t a t i c  ana lys is  (P ro j ec t  No. 40680-24) 

t o  prov ide in fo rmat ion  about the  e f f e c t s  o f  rep lac ing  an ac tua l  nozzle 

assembly on the ATA w i t h  a  0.75 i n .  t h i c k  cover p l a t e  over a  nozzle f i x e d  

housing. I t  was des i rab le  t h a t  the  ATA s t r u c t u r e  w i t h  a  f i x e d  housing and 

cover p l a t e  e x h i b i t  s i m i l a r  s t i f f n e s s  c h a r a c t e r i s t i c s  as the  ac tua l  nozzle 
con f igu ra t ion .  

To determine the  j o i n t  o v a l i t y ,  two f i n i t e  element models were assembled 

t o  represent the  two con f igu ra t ions .  These g loba l  s t a t i c  models p red ic ted  

three-dimensional deformations due t o  g r a v i t y .  The f i n i t e  element models 

used f o r  the  study inc lude  the ETA segment w i t h  the  new 360-deg r i n g ,  the 

a f t  segments w i t h  th ree  sets  o f  s t i f f e n e r s ,  the  a f t  dome, an ac tua l  nozzle 

o r  f i x e d  housing and cover p l a t e ,  the a f t  s k i r t  and t h r  dLP pad holddown 

post  s t i f f n e s s .  

ATA s ine bar measurements o f  the f i x e d  housing w i t h  cover p l a t e  conf igu- 

r a t i o n  show good c o r r e l a t i o n  w i t h  analyses o f  the  ac tua l  nozzle conf igu-  

r a t i o n .  The 0- t o  180-deg ax i s  s ine  bar measurements from ATA showed 

-0.C42 i n .  o v a l i t y ,  the  analyses i nd i ca ted  t h i s  same value. The s ine  bar 

90- t o  270-deg ax is  measurements were -0.046 i n .  wh i l e  analyses showed 

-0.038 inch. 
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The r e s u l t s  o f  t he  study i n d i c a t e  t h a t  the  nozzle cover was an 

acceptable replacement f o r  the  nozzles on t he  ATA a f t  segment. 

7.2.3.6 S t r a i n  and D e f l e c t i o n  Measurements. Developmental s t r a i n  gages 

( b i a x i a l  and g i r t h )  prov ided m ic ros t r a i n  data mon i to r ing  o f  the hardware 

dur ing  the  bearhugging o f  t he  FJAF t o  the  ou te r  c l e v i s  l e g  (Figure 7-15) and 

when mat ing t he  tang w i t h  t he  c l e v i s  (F igure 7-16). 

G i r t h  gages were placed on the  outer  c l e v i s  l e g  3.48 i n .  from the l e g  

t i p  (on t he  f l a t  machined surface),  and 5.25 in .  from the  c l e v i s  end ( i n  

the t r a n s i t i o n  reg ion  where the  machined sur face o f  the c l e v i s  bends i n t o  

the  membrane area o f  t he  cy l i nde r ) .  

Dur ing the t o rqu ing  o f  the  FJAF, these gages measured an average o f  

-60 p in .  / i n .  and -28 !in. / i n .  m i c ros t r a i n  respec t i ve ly .  Th is  m i c ros t r a i n  

can be converted t o  d e f l e c t i o n  when m u l t i p l i e d  by the  c y l i n d e r  diameter a t  

the gage loca t ion .  Calcu la t ions i nd i ca te  t h a t  the ou te r  c l e v i s  diameter a t  

the gage l oca t i ons  compressed o r  s t ra ightened 0.009 and 0.004 i n .  

respec t i ve ly .  

B i a x i a l  gages were a lso  placed under t he  FJAF on the  ou te r  c l e v i s  l e g  

1 i n .  from the end. The average hoop m i c r o s t r a i n  reading was as expected 

and shows t h a t  t he  ou te r  c l e v i s  l e g  was c i r cumfe ren t i a l  l y  squeezed inward 

as much as 0.030 i n .  du r ing  the  FJAF t w q u i n g  p r i o r  t o  mating. The b i a x i a l  

gages a lso  showed un i form m i c r o s t r a i n  d i s t r i b u t i o n  around t he  segment a t  

the 0-, 90-, 180-, and 270-deg loca t ions .  G i r t h  gages on the a f t  cen te r  

segment tang i nd i ca ted  the tang was compressed inward 0.002 i n .  du r ing  the  

mat ing processes. See Tables 7-6 and 7-7 f o r  a complete l i s t  o f  a l l  s t r a i n s  

from tes t i ng .  

S t r a i n  gauge moni tor ing o f  t he  hardware show no i n d i c a t i o n  o f  mate r ia l  

concerns from the  bearhugging o f  the FJAF on the  ou te r  c l e v i s ,  o r  du r i ng  

assembly/di sassembly o f  the tang segment w i t h  t he  c l e v i s  segment. Highest 

m i c r o s t ~ a i n  readings were approximately 200 p i n .  / i n .  which i s  we1 1 below 

any c r i t i c a l  area5 o f  the  c y l i n d e r  D6AC s tee l  ma te r i a l .  



Space Operations 

INSULATION (NBR) 

/ 

PROPET.LANT 

REVISION - 

e - BIAXIAL STRAIN GAL'GZ 
G = GIRTH GAUGE 

F i g u r e  7-15. C l e v i s  Segment I n s t r u m e n t a t i o n  



MORTON THIOKOL. INC 
Space Operations 

r INSULATION (NBR)' 

B BIAXIAL STRAIN GAUGE 

G = GIRTH GAUGE 

TANG SEGHEEJT INSTRUMENTATION 
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Table 7-6. Dry Mate S t ra ins  gesul ts  

Change i n  
Mdcrost ra in  

From Z ~ r n  - 
Gage No. 

C lev is  Tang Descr ip t ion  - 

Clev is  a x i a l  m i c r o s t r a i n  monf tor ing 
from bearhugging c l e v i s  w i t h  FJAF 

Average = +209 

C lev is  hoop m i c r o s t r a i  n  mon i to r ing  
from bearhugging c l e v i s  w i t h  FJAF 

Average = -50 

C lev is  a x i a l  m i c ros t r a i n  moni tor ing 
from bearhuyging c l e v i s  w i t h  FJAF 

Average = +25 

C lev is  hoop m i c r o s t r a i n  moni tor ing 
from bearhugging c l e v i s  w i t h  FJAF 

Average = -204 

Def lec t ion  
( i n . )  

C lev is  g i r t h  gage mon i to r ing  o f  
d iamet r i ca l  d e f l e c t i o n  from torque 
of FJAF 

Change i n  
M i c r o s t r a i n  

From Zero 

- 16 
-32 - - 
- 26 

Average = -25 

Tang a x i a l  m i c ros t r a i n  nioni t o r i n g  
from i n i t i a l  tang/FJAF engagement 

Tang hoop m ic ros t r a i  n mon i to r ing  
from i n i t i a l  tang/FL14F engagement 

occ NO TWR- 16829 
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l a b l e  7-6. Dry Mate S t ra ins  Results (Cont) 

Gage No. 
C lev is  Tang 

SO39 
SO41 
SO43 
SO45 

SO40 
SO42 
SO44 
SO46 

SO4 7 
SO49 
SO5 1 
SO53 

SO48 
SO50 
SO52 
SO54 

GOO 3 
GOO4 

REVISION - 

88942-8.5 

Change i n  
M i c ros t r a i n  

Descr ip t ion  From Zero 

- 99 
-46 

Average = -91 

De f l ec t i on  
M i c ros t r a i n  

i n  ( i n . )  

Tang g i r t h  gage mon i to r ing  o f  d i  - -0.006 
amet r i ca l  i n i t i a l  tang/FJAF engagement -0.006 

Change i n  
Micros t r a  i n  

from zero -- 
Clevis  d x i a l  m i c r o s t r a i n  moni tor ing 
from i n i t i a l  tang/FJAF engagement 

C lev is  hoop m ic ros t r a i n  m ~ r t i  t o r i n g  
from i n i t i a l  tang/FJAF engagement 

C lev is  a x i a l  m i c r o s t r a i n  mon i to r ing  
from i n i t i a l  tang/FJAF engagement 

C lev is  hoop m i c r o s t r a i n  mon i to r ing  
from i n i  t i  a1 tang/FJAF engagement 

C lev is  g i r t h  gage mon i to r ing  o f  
d iamet r i ca l  i n i t i a l  tang/FJAF 
engagement 

4 

Average = -8 

Average = +60 

Average = -10 

Average = +I16 
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Table 7-6. Dry Mate S t ra i ns  Resul ts (Cont) 

Change i n  
M i c ros t r a i n  

From Zero 
Gage Ho. 

C lev is  Tang Descr ip t ion  

Tang a x i a l  m i r ~ r o s t r a i n  moni to i - ing 
from f i n a l  assembly 

Average = -21  

Tang hoop m i c r o s t r a i ~  mon i to r ing  
from f i n a l  assembly 

Average = -64 

Def l ec t i on  
i n  ( i n . )  

GOO8 Tang g i r t h  gage moni tor ing o f  d i -  
GO09 ametr ica l  f i n c l  assembly 

Change i n  
M i c ros t r a i n  

from Zero --- 
SO39 
SO41 
SO43 
sc45 

1040 
SO42 
SO44 
SO46 

SO47 
SO49 
SO5 1 
SO53 

SO48 
SO50 

REVISION - 
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Clev is  a x i a l  m i r c r o s t r a i n  moni tor ing 
from f i n a l  assembly 

Average = -201 

Clev is  hoop m ic ros t r a i  n moni tor ing 
from f i n a l  assembly 

Average = +86 

Clev is  a x i a l  m i c ros t r a i n  mon i to r ing  
from f i n a l  assembly 

Average = -35 

Clev is  hoop m ic ros t r a i  n  mon i to r ing  
from f i n a l  zssembly 
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Table 7-6. Dry Mate S t ra i ns  Resul ts (Cont) 

De f lec t ion  
( i n . )  C lev is  Tang Descr ip t ion  

+308 
+238 

Average = +291 

C lev is  g i r t h  gage mon i to r ing  of 
d i ame t r i ca l  f i n a l  assembly 

Change i n  
M i c ros t r a i n  

From Zero 

Tang a x i a l  m i c ros t r a i n  mon i to r ing  
f rom disassembly 

Average = -27 

Tang hoop m i c r o s t r a i n  mon i to r ing  
f rom disassembly 

Average = +60 

Tang g i r t h  gage mon i to r ing  o f  d i a -  +O. 005 
m e t r i c a l  d e f l e c t i o n  from disassembly - - 

Change i n  
M i c ros t r a i n  

From Zero 

C lev is  a x i a l  m i c r o s t r a i n  mon i to r ing  +92 
from disassembly +64 

+I76 
+I54 

Average = +I22 

C lev is  hoop m i c r o s t r a i n  mon i to r ing  - 96 
f r o n  !i sassembly 0  

-122 
-48 

Average = -67 

C lev is  a x i a l  m i c r o s t r a i n  mon i to r ing  
from disassembly 
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Table 7-6. Dry Mate S t ra ins  Results (Cont) 

Gage No. 
Clev is  Tang 

D e f l e c t i o n  
( i n .  Descr ipt ion - 

Average = +20 

Clev is  hoop micros t ra in  monitoring 
from disassembly 

-276 
- 14 

- 248 
-160 

Average = -175 

Def lec t ion  
( i n . )  

C lev is  g i r t h  gage monitoring o f  d ia -  
met r ica l  d e f l e c t i o n  from disassembly 

o o c ~ o  TWR-16829 
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Table 7-7. Wet Mate S t ra i ns  Resul ts 

Change i n  
R i c r o s t r a i n  

From Zero 
Gage No. 

C lev is  Tang Descr ip t ion  

C lev is  a x i a l  m i c r o s t r a i n  moni tor ing +I94 
from bearhugging c l e v i s  w i t h  FJAF +208 

+I82 
+200 

Average = +I96 

C lev is  hoop m ic ros t r a i n  mon i to r ing  
from bearhugging c l e v i s  w i t h  FJAF 

Average = -45 

C lev is  a x i a l  m i c r o s t r a i n  mon i to r ing  
from bearhugging c l e v i s  w i t h  FJAF 

Average = +I9  

Clev is  hoop m i c r o s t r a i n  mon i to r ing  - - 
from bearhugging c l e v i s  w i t h  FJAF -190 

- 166 
-176 

Average = -177 

De f l ec t i on  
( i n . )  

GOO3 C lev is  g i r t h  gage moni tor ing o f  d i a -  
GO04 m e t r i c a l d e f l e c t i o n f r o m t o r q u e o f F J A F  

Change i n  
M i c ros t r a i n  

From Zero 

Tang a x i a l  ~ i c r o s t r a i n  mon i to r ing  +6 
from f i n a l  assembly - 18 - - 

- 14 

Average = -9 

Tang hoop m i c r o s t r a i n  mon i to r ing  
from f i n a l  assembly 
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Table 7-7. Wet Mate S t ra i ns  Resul ts ( ~ o n t )  

Gage No. 
C lev is  Tang 

D e f l e c t i o n  
Descr ip t ion  ( i n . )  

Average = -66 

GOO6 Tang g i r t h  gage mon i to r ing  o f  
GO09 d iamet r i ca l  from f ina:  assembly 

Change i n  
M i c ros t r a i  n 

From Zero 

C lev is  a x i a l  micr t r a i n  mon i to r ing  -98 
from f i n a l  a s s e ~ b i y  - 196 

-94 
-202 

Average = -148 

C lev is  hoop m i c r o s t r a i  n  mon: t o r i n g  
from disassembly 

Average = +?8 

C lev is  i . ; i a l  m i c r o s t r a i n  rnoni t o r i n g  
from I I n a l  assembly 

Average = -23 

C lev is  hoop m i c r o s t r a i n  mon i to r ing  
from f i n a l  ~ssembly  

Average = +I36 

Def lec t ion  
( i n . )  

C lev is  g i r t h  gage mon i to r ing  o f  d i -  - - 
a ~ e t r i c a ;  de f l ec t i on  f rom f i n a l  assembly +O ,005 
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Table 7-7. Wet Mate S t ra i ns  Resul ts (Cont) 

Change i n  
M i c r o s t r a i n  

From Zero 
Gage No. 

C lev is  Tang - Descr ip t i on  

SO19 Tang a x i a l  mic; s t r a i n  mon i to r ing  
SO21 from disassembly 

SO23 
SO25 

Average = 

SO20 Tang hoop m i c r o s t r a i n  moni tor ing 
SO22 from disassembly 
SO24 
SO26 

Average = 

De f lec t ion  
( in . )  

GOO8 Tang g i r t h  gage mon i to r ing  of d i a -  
GOO9 me t r i ca l  d e f l e c t i o n  from disassembly 

Change i n  
M i c ros t r a i n  

From Zero 

C lev is  a x i a l  m i c r o s t r a i n  mon i to r ing  
from disassembly 

Average = 

Average = 

Average = 

C lev is  hoop r n i c r o s t r a i ~  mon i to r ing  
from disassembly 

C lev is  a x i a l  m i c r o s t r a i n  mon i to r ing  
from disassembly 

C lev is  hoop m i c r o s t r a i n  moni tor ing 
from disassembly 

Average = 
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Table 7-7. Wet Mate Stra ins Results (Cont) 

Gage No. 
Clevis Tang - Descript ion - 

REVISION - 

GO03 Clevis g i r t h  gage monitor ing o f  d ia -  
GOO4 metr ica l  de f l ec t i on  from disassembly 

Def lec t ion  
( i n . )  
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Measurements were taken o f  t he  ou te r  c l e v i s  l e g  t o  tang wh i l e  t he  crane 
was support ing the  weight o f  t he  a f t  cen te r  segment. The average ca l cu l a ted  
gap from measurements was 0.033 inch. Th is  same gap was taken when t he  crane 
was disconnected and was found t o  be 0.009 i n .  l a rger .  P i  tape diameter 
comparisons o f  the c l e v i s ,  nex t  t o  t he  chamfer area, support these f ind ings .  
The assembled p i  tape dimension was 146.945 i n .  and t h e  p i  tape dimension 
p r i o r  t o  mate was 146,933 i n .  a diameter d i f f e rence  o f  0.012 inch. D i v i d i n g  
t h i s  by two converts the diameter reading t o  a comparable r a d i a l  dimension 
o f  t he  assembled gap measurement t o  0.006 inch. This shows t h a t  t he  c l e v i s  
ou te r  diameter changes when the  weight i s  t r ans fe r red  from the  crane and i s  
supported a t  t he  f i e l d  j o i n t .  P i  tape procedure DI-1005 was fo l lowed f o r  
a l l  p i  tape measurements. Table 7-8 shows these values. 

Assembled j o i n t  p inho le  measurements were a1 so p e r f o r w d  t o  v t r i  fy un i -  
f o rm i t y  o f  the  assembled c l e v i s h a n g  gap. (The loca t ions  o f  these rneasux- 

ments are i n  Figure 7-17) The ou te r  p i n  ho le  gap averaged 0.023 inch. The 
minimum gap was 0.030 i n .  , loca ted  from 120 t o  150 deg. The maximum gap o f  
0.035 in .  was a t  t he  330-deg loca t ions .  Inner  p i n  ho le  gap measurements 
revealed an average 0.108 in .  gap, w i t h  a minimum o f  0.103 i n .  a t  the 0- 
through 30-deg loca t ions ,  and a maximum 0.114 i n .  gap a t  180 deg. These 
measurements are a lso  l i s t e d  i n  Table 7-8. 

Measurements through the  leak check p o r t s  were made f o r  in fo rmat ion  

only.  The 135-deg p o r t  measurement revealed t h a t  t he  assembled c l e v i s  
opening was 0.844 i n .  , as compared t o  an average 0.839 i n .  unassembled 

opening, which i s  a d i f f e rence  o f  0.005 i n .  Th is  a l so  compares t o  the  
gap/pi :ape measurements mentioned above. The gap between the  tang i n s i d e  
dial: .l;er 2nd the inner  c i e v i s  diameter, forward o f  the  pr imary O-r ing,  was 
calculateci  t o  be 0.016 i n . ,  which was v e r i f i e d  t o  be w i t h i n  design t o l e r -  
ances. Tables 7-8 and 7-9 presents these measurements and ca l cu l a t i ons .  

The 45-deg p o r t  measurements shok t h a t  the  c l e v i s  gap opening when 
 assemble^ was 0.830 in .  which i s  less  than the  unassembled gap opening and 
t h a t  there i s  no c l e a r w c e  between the  tang I D  and the inner  c l e v i s  diameter. 
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Table 7-8. Assembled J o i n t  Measurements 

C l  e v i  s / T a g  

Gap "A" Weight 
Not Supported 

by Crane 

0.040 
0.044 
0.044 
0.043 
0.042 
0.042 
0.041 
0.042 

Gap "A" Weight 
Supported Outer Pinhole 

by Crane Gap 
Outer Pinhole 

Gap 

Average 0.042 0.033 0.032 0.0108 

Assembled p i  tape o f  c l e v i s  0.025 i n .  from chamfer 

146.945 i n .  Assembled f i e l d  j o i n t  c l e v i s  measurement a t  KSC 
-146.933 i n .  Unassembled f i e l d  j o i n t  c l e v i s  measurement a t  

Morton Thiokol  H-7 
0.012 i n .  Di f ference from unassembled t o  assembled diamters 

C lev is  Gap Opening Measured Through Leak Check Ports 

135 deg 

0.802 i n .  
t0.042 i n .  

0.844 i n .  

0.802 in .  
-0.786 i n .  

0.016 i n .  

45 deg 

1.169 i n .  
-0.339 i n .  

0.P30 i n .  

REVISION - 
88942-8.13 

From tang t o  i nne r  c l e v i s  
Outer tang /c lev is  Gap "A"  a t  135 deg 

C lev is  gap opening when assembled 

From tang t o  i nne r  c l e v i s  
Tang thickness a t  135 deg 

From tang i n s i d e  diameter t o  inner  c l e v i s  

From ? l i te r  c l e v i s  t o  i nne r  c l e v i s  
Outer c l e v i s  th ickness a t  45 deg 

Clevis gap opening when assembled 

o o c ~ o  TYR-16829 
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1.169 i n .  
-0.044 i n .  

1.125 i n .  

-0.339 i n .  

0.786 i n .  

-0.786 i n .  

0.000 i n .  

REVISION - 
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Table 7-8. Assembled J o i n t  Measurements (Cont) 

From o u t e r  c l e v i s  t o  i n n e r  c l e v i s  
Outer t a n g / c l e v i s  Gap "A" a t  45 deg 

Outer c l e v i s  th ickness a t  45 deg 

Thickness o f  tang a t  45 deg 

From tang i n s i d e  d iamter  t o  i n n e r  c l e v i s  

Doc No TWR-16829 VOL 
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Table 7-9. Measurement Comparison Kennedy Space CenterIH-7 

Thickness Measurements 

A t  2.7513.36 i n .  from end 

Tang 

H-7 - KSC -- 
0.786 0.780 
0.786 0.783 
0.786 0.781 
0.787 0.783 
0.786 0.781 
0.786 0.783 
0.785 0.782 
0.785 0.780 
0.784 0.781 
0.785 0.782 
0.785 0.782 
0.785 0.781 

Delta - 
0.006 
0.003 
0.005 
0. O N  
0.005 
0.003 
0.003 
0.005 
0.003 
0.003 
0.003 
0.004 

Average 0.786 0.782 0.004 

Outer Clevis Thickness 

Clevis 

Deg - H-7 

0 0.339 
30 0.339 
60 0.339 
90 0.339 

120 0.339 
150 0.339 
180 0.338 
210 0.338 
240 0.339 
270 0.338 
300 0.339 
330 0.339 

Average 0.339 
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Table 7-9. Measurement Compari son Kennedy Space Center/H-7 (Cont ) 

Gap Openings 

C l e v i s  

C lev is  Maximum Gap Opening 

KSC - 
0.843 
0.835 
0.851 
0.837 
0.837 
0.837 
0.837 
0.836 
0.839 
0.836 
0.837 
0.837 

D e l t a  

+O. 003 
to .  004 
+O .OO7 
t o .  001 
-0.001 
-0.003 
-0.002 
-0.004 
-0.001 
-0.002 
-0.002 
-0.002 

KSC A f t e r  
Test ing 

0.839 
0.839 
0.845 
0.841 
0.838 
0.842 
0.842 
0.839 
0.840 
0.539 
0.841 
0.838 

Average 0.840 0.839 0.840 

Capture Feature Gap Opening 

Tang 

Average 

REVISION - 

KSC - Delta  

0.428 0.000 
0.425 -0.003 
0.430 t0.002 
0.428 -0.901 
0.428 -0,001 
0.428 -0.001 
0.428 -0.001 
0.431 t0.003 
0.430 +0.002 
0.428 0.300 
0.429 tO.001 
0.429 +O.OOl 
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Table 7-9. Measurement Comparison Kennedy Space Center/H-7 (Cont ) 

P i  tapes 

Tang 

2.75 i n .  From End 
(No. 2 )  

0.25 i n .  From Chamfer 
(No. 3 )  

Inner Diameter 
(No. 4 )  

Outer Diameter 
2.60 i n .  From End 
(No. 5 )  

Outer Diameter 
0.25 i n .  From End 
(No. 6j 

REVISION - 

88942-8.17 

H-7 - KSC - 
KSC After 

De l ta  - Testing 
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Measurement com7arisons between Morton rhiokol/H-7 refurbishment f a c i  l- 
i t y  a t  Utah and KSC s h o ~ e d  va r i a t i ons  o f  0.003 t o  0.006 i n .  on tang  hick- 
ness dimensions. KSC measurements before and a f t e r  t e s t i n g  showed good 

cor re la t ions ,  however. (See Table 7-9 p i  tapes). C lev is  gap opening 

dimensions performed a t  KSC showed a 0.001 t o  0.007 i n .  var iance t o  those 
o f  Morton Thiokol/H-7 wh i l e  t he  same measurements taken a f t e r  t e s t  com- 

p l e t i o n  showed on ly  a 0.000 t o  0.003 i n .  maximum var iance on t he  capture 

fea tu re  gap opening which i s  q u i t e  be l ievab le .  

P i  tape data shows the  worst  comparison o f  KSC t o  H-7 measurements 

ranging from 5 t o  10 m i l  i ess  than those performed a t  H-7 C l e a r f i e l d ,  Utah 

(see Table 7-2). KSC meacl~rements before and a f t e r  t e s t i n g  showed good 

repeatabi 1 i ty. 

7.2.4 Recommendations 

Load moni tor ing needs t o  be b e t t e r  employed t o  understand what i s  hap- 

peni ng dur ing  assembly/di sassembl y. A good c o r r e l a t i o n  between hydraset, 

load p i i i s  and the mating/demating process needs t o  be estab l ished.  The 

c r i t i c a l  areas o f  the mating/demating pracesses need t o  have loads re -  

corded t o  basel ine the  processes f o r  eva lua t ion  o f  f u t u r e  assembly/ 

d i  sassembl ies .  

O-rings should be received, inspected and packaged a t  Morton Thiokol  , 
Space Operdtions. The O-rings should be p w p e r l y  i d e n t i f i e d ,  greased, 

double bagged, and hard box packaged, shipped t o  KSC and opened a t  

i r s t a l l a t i o n  time. No f u r t h e r  inspec t ion  snould be needed except f o r  

sh i  pp! ng damage. 

Hardware con f i gu ra t i on  dur ing  the  assembly process i s  c r i t i c a l  t o  the 

i n t e g r i t y  o f  the  j o i n t .  Be t t e r  neasurement.~ techniques r~eed t o  be 

devel oped t o  understand the  c o r r e c t  i n t e r f e rence  f i t .  Reference memo 

L224: FY88: 535. 

Design engineer ing needs t o  review the  KSC OM1 document f o r  s tack ing  o f  

Lne segments t o  maximize the  i n t e g r i t y  o f  t h i s  operat ion.  Th is  w i l l  

improve O-r ing grease appl i c a t i o n ,  j o i n t  assembly and disassemb ~y ( i f  

requi  red) load data gather ing.  

REVISION - 
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e. The leak  check s o l u t i o n  should be changed o r  improved t o  one t h a t  does 

no t  cause r u s t  on t he  bare metal pa r ts .  

f .  The p a i n t  t o  bare metal reg ion  on the  tang segments a t  t he  f i e l d  j o i n t s  

needs t o  be feathered ou t  so t h a t  t he re  i s  a smooth t r a n s i t i o n  f o r  t he  

FJAF guide blocks.  Grease should be app l i ed  over t he  p a i n t  2 t o  3 i n .  

above the  bare metal t o  p a i n t  region. Th is  w i l l  improve t he  mating 

process. 

g. Inspec t ion  o f  t he  c l e v i s  p inho le  a t  164 deg on the  cen te r  segment and 
t he  matching l o c a t i o n  p inho le  ,n the tang o f  the  a f t  segment needs t o  

be performed because o f  the  cocking o f  t he  tang dur ing  t he  f i r s t  

disassembly. 

h, The separat ion t o o l  should be used on a l l  f i e l d  j o i n t  demates t o  insure  

t h a t  segments are no t  damaged. 

i. The s t r a i n  gages placed on the  center segment tang surface are i n  l i n e  

w i t h  the  guide b locks o f  t he  FJAF. I f  t h e  FJAF i s  no t  detorqued a f t e r  

the  capture f ea tu re  i s  engaged w i t h  the  i nne r  c l e v i s  the  gages w i l l  come 

i n t o  contact  w i t h  the  guide blocks.  Gage placement should be changed so 
t h a t  they are between the  guide blocks o f  t he  FJAF and t h a t  any p a r t  o f  

t h e i r  placement i s  a t  l e a s t  5 . 1  i n .  from the  end o f  the  tang. 

7.3 INSULATION DESIGN 

7 .3 .1  I n t r oduc t i on  

The ATA t e s t  was designed t o  demonstrate the  v e r t i c a l  assembly o f  the  new 

capture fea tu re  SRM hardware and redesigned J- j o i n t  i n s u l a t i o n  dur ing  a f u l l  

mate, bo th  as a d ry  f i t  us ing t r a n s f e r  medium and a f u l l  f i n a l  mate us ing 

j o i n t  adhesive. The sequence o f  the  process steps were a l so  t o  be evaluated 

and then evaluated again f n r e l a t i o n  t o  process f l ow  f o l l o w i n g  th complet ion 

o f  each major task.  

7.3.2 Object ives 

Object ives o f  the ATG t e s t ,  as they r e l a t e d  t o  the  f i e l d  j o i n t  i n s u l a t i o n ,  

:re 1 i s t e d  as categor ized below: 
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7.3.2.1 Q u a l i f i c a t i o n  Object ives.  

a. C e r t i f y  assembly and disassembly o f  RSRM segments i s  poss ib le  i n  the  

v e r t i c a l  p o s i t i o n  i n  accordance w i t h  Assembly/Di sassembly o f  Segments 

i n  accordance w i t h  Para 3.2.5.1 and 3.2.1.3.f o f  CPW1-3600A. 

d. C e r t i f y  t h a t  the  design has considered h s k s  t o  be accomplished by 

operat ing,  t e s t ,  and maintenance personnel i n c l u d i n g  cons iderat ions f o r  

safe ty ,  accessibi  1 i t y ,  c r i t i c a l  tasks, complexity, and necess i ty  f o r  

t r a i n i n g .  

g. C e r t i f y  t h a t  the  f i e l d  j o i n t  i n s u l a t i o n  con f i gu ra t i on  w i  11 ensure t h a t  

system performance and s t r u c t u r a l  i n t e g r i t y  i s  maintained dur ing  the  

assembly process. 

h. C c r t i f y  t h a t  the f i e l d  j o i n t  i n s u l a t i o n  does no t  shed f i b rous  o r  pa r t i cu -  

l a t e  mat ter  dur ing  assembly which could  prevent  sea l ing.  

i. C e r t i f y  t h a t  t he  f i e l d  j o i n t  i n s u l a t i o n  w i l l  pe rmi t  p r e f l i g h t  demating. 

Th is  s h a l l  no t  preclude i n s u l a t i o n  damage. 

7.3.2.2 Development Object ives.  

k. Determine mate/demate 1 oads on hardware and GSE ( i n c l u d i n g  bond1 i ne 

s t ress) .  

i. Evaluate base1 i n e  j o i n t  con f i gu ra t i on  f i t  dur ing  and a f t e r  mate. 

n. Provide f o r  crew t r a i n i n g  

p.  Val i d a t e  procedures f o r  RSRM assembl y / d i  sassembly and hand1 i ng. 

7.3.3 Results and Discussion 

ATA t e s t i n g  i n  the VAB a t  KSC was supported by I n s u l a t i o n  Design from 4-22 

Dec 1987. Support a c t i v i t i e s  i nc l  uued OM1 review and making appropr ia te  

dev ia t i on  changes, t e s t  a c t i v i t y  inspec t ion  and repo r t i ng ,  and crew t r a i n i n g  

and fami 1  i a r i z a t i o n  w i t h  redesigned j o i n t  procedures. Resul ts o f  the reviews, 

inspect ions,  t e s t  data, and the assembly process as they a re  app l i cab le  t o  

the i n s u l a t i o n  assembly are descr ibed below. 

REVISION -- 
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7.3.3.1 I n s u l a t i o n  Conf igurat ion.  The ATA t e s t  f i e l d  j o i n t  c o n f i g u r a t i o r  

was manufactured t o  t he  basel ine f i e l d  j o i n t  con f i gu ra t i on  which w i l l  be 

used f o r  f l i g h t  motor< us ing mold t o o l i n g  and processes common t o  t he  f l i g h t  
motors. The t e s t  f i e l d  j o i n t  was t he  DM-9 con f i gu ra t i on  J - j o i n t  shown i n  

F igure 1-2. 

7.3.3.2 J o i n t  P r o f i l e  Inspect ion.  ATA j o i n t  i nspec t ion  was f i r s t  made f o l -  

lowing i n s u l a t i o n  cure p r i o r  t o  p r o p e l l a n t  loading. Engineering ana lys is  
and experience has shown t h a t  loads created by slump change the  j o i n t  con- 

f i g u r a t i o n .  L i t t l e  change i s  seen i n  the  tang j o i n t  p r o f i l e  because the  

p rope l l an t  re1 i e f  f l a p  disengages the  j o i n t  from the  p r o p e l l a n t  shrinkage 

loads. However, the  i n s u l a t i o n  con f i gu ra t i on  a t  the  c l e v i s  changes s i g n i f i -  

c a n t l y  because o f  p rope l l an t  slump except a t  t he  forward sec t ion  F igure 7.18 
which i s  a t h i n  i n s u l a t i o n  sec t ion  bonded t o  the  s tee l  case. The i nsu la ted  

l e v e l  assembled j o i n t  ana lys is  i s  g iven i n  Table 7-10. The gap a t  Po in t  F  

i s  be l ieved  t o  be accurate even f o r  the  loaded motor segments. The o ther  
p o i n t  gaps are presented f o r  in fo rmat ion  t o  show the change i n  t he  ana lys is  

r e s u l t s  caused by propel  1  ant  slump as compared t o  the  1  oaded segment j o i n t  

ana lys is .  

Engineering design shows the  gap a t  Po in t  F ,  near the  capture fea tu re ,  

as 0.030 t o  0.050 inch. AT.4 i n su la ted  l e v e l  j o i n t  ana lys is  shows a l l  data 

f o r  Po in t  F w i t h  design l i m i t s  except f o r  a  maximum value which i s  on l y  

0.003 i n .  l a r g e r  than the maximum design ana lys is  gap o f  0.050 i ~ c h .  

The ATA t e s t  p lan, CTP-0008, requests f i e l d  j o i n t  p r o f i l e  measurements 

t o  be taken p r i o r  t o  the  f i r s t  f u l l  mate (d ry  fit), p r i o r  t o  the  second f u l l  

mate (wet f i t ) ,  and again f o l l o w i n g  f i n a l  disassembly. Data from the  f i r s t  

i nspec t ion  was reduced by Morton Thiokol/KSC and showea the J - j o i n t  would 

contact  the f u l l  i -adial l eng th  o f  the  j o i n t  bonding surface (Figures 7-19 

and 7-20) from the I D  + 'p  o f  the  j o i n t  outboard t o  the rad ius  e x c e ~ t  t h a t  

contact  would no t  be made a t  the  rad ius  from 96 t o  102 deg. Reduced data 

a t  Morton Thioko l ,  us ing the same data, was i n  agreement. Inspec t ion  p o i n t s  
were made a t  th ree  loca t ions ,  Po in ts  B, C ,  and D, a long the  J - j o i n t  bonding 

surface each 2 deg. Raw data noted an approximate 0 .1  i n .  d e f l e c t i o n  a t  a l l  
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Figure 7-18. Assembled F i e l d  J o i n t  Analys is  Loca t i ons  
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Table 7-10. ATA Test J o i n t  Gap Analys is  

Locat i o n  A B C D E F* - - - - - -- 
Engineer ing Design 

Minimum 0,000 0.000 0.000 -0,100 0.100 0.030 

Nominal (75OF) 0.000 O.CO0 0.000 -0.299# 0.000 0.000 

Maximum 0.000 0.000 0.000 0.000 0.220 0.050 

ATA Pre tes t  ( i n su la ted )  

M i  n i  umu -0.077 -0.203 -0.378 -0.576 -0.020 0.038 

Maximum -0.056 -0.177 -0.347 -0.536 -0.036 0.053 

Average -0.068 -0.193 -0.367 -0.557 0.006 0.046 

ATA Pre tes t  ( loaded) 

Minimum -0.074 -0.074 -0.296 -0.416 0.090 O.** 

Maximum 0.030 0.070 - 0 . 1 1 ~  -0.269 0.310 O.** 

Average -0.03: -0,049 -0.220 -0.374 0.178 O.** 

ATA Post-Test ( 1 oaded) 

Minimum -0.026 -0.014 -0.154 -0.291 0.182 0.** 

Maximum 0.011 0.024 -0.111 -0.242 a.223 O.** 

Average -0.005 0.010 -0.130 -0.262 -0.197 0.** 

*The gap a t  "Fl1 i s  no t  expected t o  change because of p rope l l an t  slump i n  a 
loaded motor 

**Dat was requested i n  the  t e s t  p lan  bu t  was no t  taken f o r  the  c l e v i s  j o i n t  
#Analysis a t  75"F ,  v e r t i c a l  assembly 

NOTE: " - 'I i nd i ca tes  i n t e r f e rence  
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Figure 7-19. Assembled F i e l d  J o i n t  Analysis Locat ions (Cont)  
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t h ree  po in ts .  The j o i n t  i n s u l a t i o n  was de f l ec ted  forward. Measurement 

da ta  i s  dated 23-24 Nov 1987 and occurred i n  t he  RPSF bu i l d i ng .  One i n d i -  
v idua l  inspected the  j o i n t  v i s u a l l y  the  d r y  i nspec t i on  was made and noted 
t he  de f l ec t i on .  No one e l se  repor ted any v i s i b l e  de tec t i on  o f  the  cond i t i on .  

Inspect ions were made by i n s u l a t i o n  design on 5 Dec 1987 and d i d  no t  
note t h e  de f l ec ted  cond i t i on .  A l ong  (approximately 30 i n .  ) s t r a i g h t  edge 
was placed aga ins t  t he  surface a t  t he  t i p  and again a  l i t t l e  outboard o f  t he  
t i p  and noted no de f l ec t i on .  Rough measurements were made w i t h  a  s t r a i g h t  
edge and a 6- in .  sca le  each 2 deg from 90 t o  110 deg and a t  60, 80, 120, 
and 140 deg. Not more than 0.030 i n .  var iance was noted from minimum t o  
maximum dimensions. The d ry  f i t ,  performed l a t e r ,  d i d  no t  i n d i c a t e  t h a t  
t he  cond i t i on  was present  a t  t h a t  time. 

Pre tes t  loaded segment gap ada lys is  shows a range o f  data having a 

maximum gap o f  0.030 i n .  t o  an intel l ference o f  0.074 i n .  a t  Po in t  A i n  the  
ramp. The engineer ing designed gap near t h i s  reg ion  (outboard o f  t he  

capture fea tu re  ID tangent area shows a da ta  range from 0.070 in .  gap t o  
0.074 in .  
rad ius  and 
0.296 in .  
0.296 t o  0  

engagement 
za t i on  gap 
the  design 

nter ference.  A t  Po in t  C, midway between the  ID  p o i n t  o f  the  
t he  I D  t i p  o f  the  3 - j o i n t ,  an i n t e r f e rence  range o f  0.112 t o  
s  shown and a t  the  I D  t i p  o f  the  j o i n t  an i n t e r f e rence  range o f  

416 i n .  i s  shown. Minimum design i n t e r f e rence  a t  the  j o i n t  
by p r o f i l e  ana lys is  was met. The gap a t  Po in t  E, the p ressur i -  

had minimum and maximum cond i t i ons  o f  gap opening which exceeded 
c r i t e r i a ,  b u t  the  average gap dimension was near nominal design. 

I n  comparison o f  the  j o i n t  p r o f i l e  ana lys is  w i t h  t he  d r y  f i t  and wet 
f i t  inspec t ion  r e s u l t s ,  def ined i~ the f o l l o w i n g  sect ions,  t he  j o i n t  shows 
a con f i gu ra t i on  change a t  assembly. The j o i n t  p r o f i l e  ana lys is  connotes 
continuous contact  from the j o i n t  13 outboard t o  the  rad ius,  b u t  the  d r y  
f i t  and wet f i t  inspect ions showed con tac t  a t  t he  I D  t i p  and through the  
rad ius only. No con tac t  was i nd i ca ted  by these inspect ions a t  Po in ts  A 
o r  C. As the  j o i n t  I D  t i p  contacts a t  assembly, the  tang i n s u l a t i o n  bends 
and ro ta tes  i n t o  the  assembled cond i t i on .  This & ion  apparent ly  changes 
the tang j o i n t  contour and e l im ina tes  the  i n t e r f e rence  shown by the  jo in t ,  



p r o f i l e  ana lys is  a t  the  ramp and between the  rad  

(Points A and C). 
i u s  and t he  

as reduced 

j o i n t  ID  

The ac tua l  r a d i a l  engagement o f  the  j o i n t  w a t  assembly by 

tang j o i n t  i n s u l a t i o n  r o t a t i o n  as exp la ined above. Th is  was apparent by 
j o i n t  i nspec t ion  f o l l o w i n g  bo th  t he  d r y  mate and t he  wet mate. 

J o i n t  p r o f i l e  measurements requested per  CTP-0008 p r i o r  t o  the  f i n a l  

assembly were no t  taken due t o  schedule ccns t ra i n t s .  P r o f i l e  measurements 
taken f c l l o w i n g  t he  disass2mbly o f  t he  segments a f t e r  the  wet f i t  were taken 

and reduced t o  i n d i c s t e  a  change i n  j o i n t  contour caused by slump and elapsed 

t ime and by mate r ia l  set  caused by the  assembled j o i n t  cond i t i on .  The j o i n t  

was demated 22 Dec 1987. Tang p r o f i l e  data was taken 22 Dec 1987 bu t  c l e v i s  

p r o f i l e  measurements were no t  taken u n t i l  6 Jan 1988. Most o f  the  e f f e c t s  

o f  mate r ia l  se t  a re  i n  the  tang j o i n t  i n su la t i on ,  so e f f e c t s  o f  ma te r i a l  se t  

from t h i s  assembly should be noted by the  data. Over a  longer pe r i od  o f  

t ime the  i n s u l a t i o n  mate r ia l  i s  expected t o  r e l a x  near t o  i t s  o r i g i n a l  con- 

f i g u r a t i o n .  P r i o r  t o  t h i s  inspect ion,  t h e  j o i n t  had been mated twice,  and 

was i n  a  mated cond i t i on  f o r  approximately 140 h r  du r i ng  the  d r y  f i t  and 

69 h r  dur ing  the  wet f i t .  Approximately 75 h r  passed between disassembly 

a t  t he  d r y  f i t  and assembly a t  the  wet mate. 

J o i n t  gap ana lys is  f o l l o w i n g  f i n a l  demate showed t h a t  i n t e r f e rence  had 

decreased a t  a l l  p o i n t s  along the j o i n t  mat ing surfaces. The average i n t e r -  

ference a t  Po in t  A, i n  the  ramp, was reduced by 0.026 i n . ,  and t he  0.040-in. 

average i n t e r f e rence  a t  J o i n t  B, the  I D  rad ius  tangent, was reduced t o  

0.010 i n .  gap. The average i n t e r f e rence  a t  Po in t  C, midway between Po in t  B 
a ~ d  the  j o i n t  I D  t i p ,  decreased 0.090 'I., and a t  Po in t  D, the j o i n t  I D  t i p ,  

0.112 inch. Add i t i ona l  slump e f f e c t s ,  caused by t he  increased t ime i n  a 

v e r t i c a l  pos i t i on ,  cou ld  have resu l t ed  i n  small e f f e c t s  t o  the  j o i n t  gap 

analys is  cs shown by the  0.019-in. increase a t  Po in t  E, the  s l o t  yap. 

However, an undetermined amount of t h i s  poss ib le  v a r i a t i o n  may be a t t r i b u t e d  

t o  inspec t ion  method accuracy. 

7 . 3 . 3 . 3  Dry F i t - - F i r s t  F u l l  Mate. Design engineer ing inspec t ion  found 

evidence o f  f l a s h i n g  i n  numerous places on t he  tang J - l eg  I D  t i p  from the  
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mold t o o l i n g  sprue holes which was no t  removed a t  Morton Thioko 

res idue contaminat ion was noted on tang /c lev i  s  j o i n t  surfaces. 

was taped f o r  masking a t  a  prev ious procedure a t  Morton Thioko l  

1. Tape 

The j o i n t  

. It i s  

recommended t h a t  tape no t  be app l ied  t o  t he  c r i t i c a l  j o i n t  bonding surfaces 

f o r  any procedures bu t  t h a t  i t  be l i m i t e d  i n  a p p l i c a t i o n  t o  the  j o i n t  sur-  
faces nc :ed i n  TWA-1177  f o r  j o i n t  masking. It i s  a lso  recommended t h a t  
j o ~ n t  surfaces be inspected f o r  tape adhesive and other  such res idues and 

t h a t  they be so lven t  cleaned p r i o r  t o  j o i n t  abrasion processes. 

A guard was f ab r i ca ted  from a  t h i n  sheet o f  ~ e v l a r @  (approximately 15 
i n .  h i gh  by 30 i n .  wide by 0.0625 i n .  t h i c k )  t o  a i d  i n  t h e  spray app l i ca t i on .  

A phenol ic  b lock  was at tached 1.15 i n .  from the  bottom o f  the  ~ e v l a r @  sheet 

on each end t o  index the  guard or) the c l e v i s  end o f  the j o i n t .  Th is  pos i -  
t i oned  t he  guard t o  cover t he  s tee l  sea l i ng  sur face on t he  I D  o f  t he  c l e v i s  

l e g  so t h a t  t r a n s f e r  medium a p p l i c a t i o n  would be r e s t r i c t e d  t o  t he  NBR j o i n t  

areas. A handle was a l so  prov ided t o  ho ld  t he  guard. 

The guard was pos i t i oned  and the  a p p l i c a t i o n  o f  the t r a n s f e r  medium was 

begun. App l i ca t i on  o f  the  d ry  f i t  t r a n s f e r  medium, T i n a c t i n  f o o t  spray 

powder, was made on the  c l e v i s  j o i n t  surfaces f o l l o w i n g  grease a p p l i c a t i o n  

t o  the  bare metal components. No abrasion was performed on the  NBR j o i n t  

surfaces a t  KSC p r i o r  t o  a p p l i c a t i o n  o f  t he  spray. The powder spray was 

intended t o  be app l ied  i n  a  t h i n ,  f u l l  cover coat.  I t  bas soon noted t h a t  

the  a p p l i c a t i o n  was ng t  as un i form as most prev ious app l i ca t ions .  As the  

spray h i t  the  j o i n t  surface, i t  would j e t  up behind the guard aqd b a l l  up. 

It would then eit.her be blown over the  t i p  o f  t he  c l e v i s  I D  l e g  and drop 

i n t o  the c l e v i s  j o i n t  opening, contaminat ing the  grease app l i ca t i on ,  o r  i t 

would r o l l  down onto the  NBR j o i n t  surfaces c rea t i ng  t h i c k  and nonuniform 

spray app l i ca t i on .  The use o f  t he  guard a lso  created an e f f e c t  l i k e  a  b l d s t  
s h i e l d  which de f l ec ted  the spray dur ing  a p p l i c a t i o n  and adversely a f f ec ted  

the  app l i ca t i on .  The guard was removed a f t e r  spraying approximately a  

45-deg sec t ion  o f  the j o i n t  and appi i c a t i o n  r e s u l t s  improved immediately. 

A f i n e  ojlerspray covered the  i n h i b i t o r  surface e n t i r e l y  and obv ious ly  go t  

i n t o  the c l e v i s  j o i n t  as we l l .  J o i n t  l eak  check was a  success, i n d i c a t i n g  

t h a t  the  overspray d i d  no t  a f f e c t  the O-r ing sea l ing  c a p a b i l i t y .  The o v e r a l l  
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t r a n s f e r  medium a p p l i c a t i o n  was no t  as good as most prev ious app l i ca t i ons  

t o  t e s t  motors b u t  was acceptable. Pos t - tes t  i nspec t ion  d i d  no t  i n d i c a t e  
t h a t  any o f  the  a p p l i c a t i o n  adversely a f f ec ted  the  t r a n s f e r  f o r  t he  t e s t .  

Several cans o f  t he  t r a n s f e r  nedium were ava i l ab l e  dur ing  the  a p p l i -  
c a t i o n  process and were r o t a t e d  f requen t l y .  App l i ca t i on  was made by Morton 
Thiokol  engineers who developed and used the  process a t  the  Space Operations. 

The KSC technic ians d i d  no t  apply the mate r ia l  and on l y  a few observed any 

o f  the  app:ication process. Probably on ly  one s h i f t  o f  opera tom saw the  
f i n i s h e d  a p p l i c a t i o n  p r i o r  t o  j o i n t  mate. Add i t i ona l  t r a i n i n g ,  s p e c i f i c a l l y  

o f  the  operators who d i d  no t  observe the  t r a n s f e r  medi um appl i c a t i  on, would 
be warranted i f  d ry  f i  l t e s t i n g  o f  j o i n t s  w i l l  cont inue f o r  RSRM f l i g h t  

segmnt  j o i n t s .  

The O-rings were a l l  i n s t a l l e d  j u s t  p r i o r  t o  j o i n t  assembly. The 

pr imary and secondary O-r ings were i n s t a l  l e d  w i t h  minimal e f f ec t s  b u t  caused 

concern t o  i n s u l a t i o n  design t h a t  the  O-r inys might  touch t he  sprayed j o i n t  
surfaces and contaminate bo th  the O-rings and t he  j o i n t  surfaces. The tang 

capture fea tu re  O-r ing was ra i sed  i n t o  p o s i t i o n  and contacted t he  j o i n t  NBR 
a t  the rad ius f u l l  circumference. The O-r ing was then pushed up t he  ramp 

area o f  t he  j o i n t  (outboard o f  t ' i e  rad ius )  and i n t o  t he  O-r ing groove, 

leav ing  a grease f i l m  a long t he  ( i n t i r e  ramp. Fo l lowing t h i s  f i nd i ng ,  insu- 

l a t i o n  design requested t h a t  a l l  f u t u r e  f i n a l  assemblies have the  j o i n t  

adhesive appl i e d  l a s t ,  a f t e r  the j o i n t  surfaces are inspected and determined 

t o  be clean. This would he lp  ensure t h a t  dur ing  f i n a l  assemblies, us ing 

j o i n t  adhesive, the bonding surfaces and adhesive would no t  be contaminated 

w i t h  grease. The recommended order o f  the  asqembly . teps I r e  de ta i  l e d  i n  a 

l a t e r  sect ion.  

Fo l lowing i n s t a l  l a t i o n  o f  t he  j o i n t  O-rings, a f i n a l  j o i n t  i nspec t ion  

was made p r i o r  t o  j o i n t  assembly. I t  was noted t h a t  the  FJAF t o o l  had been 
coated w i t h  a ~ e f l o n @  spray and t h a t  i t  was f l a k i n g  o f f .  Air ducts were 

blowing condi t ioned a i r  i n t o  the enclosure and they were aimed a t  t he  seg- 

ment. The a i r  f l ow was p i c k i n g  up the  ~ e f l o n @  f l akes  and blowing them i n t o  

the  greased area o f  the  j o i n t  and would a lso  ha;e blow them i n t o  the  j o i n t  

adhesive had t h i s  been a f i n a l  j o i n t  assembly. Most o f  the  contaminat ion 
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was pa ins tak i ng l y  removed by hand p r i o r  t o  j o i n t  assembly. A reco~mendat ion 

was made t h a t  the t o o l  be thoroughly cleaned p r i o r  t o  i t s  nex t  use and t h a t  

f u t u r e  assembly i n s t r u c t i o n s  add an inspec t ion  step t o  catch s i m i l a r  contami- 

nat ion.  The t o o l  was cleaned and 70 such problem was encountered dur ing  the  

wet mate assembly. 

The d r y  f i t  inspec t ion  o f  ATA, us ing t r a n s f e r  medium, showed contact  

f u l l  circumference a t  the  J-sea l  I D  t i p  (0.40 t o  0.45 i n .  r L d i a l  engagement 

t y p i c a l )  and a t  the  j o i . i t  rad ius (0 .8  t o  0.9 i n .  s w f a c e  l eng th  around the  

rad ius)  as shown i n  F igure 7-21. Radial  contact  was shown f o r  shor t  arc  

lengths from 0.35 in .  minimum t o  0.65 i n .  maximum. No coptact  was noted 

between the  engagement a t  the  I D  t i p  and the  engagement a t  the  rad ius  o r  

between the engagement a t  the rad ius and the NBR/case i n t e r f ace .  A t  
assembly, the tang J-seal  t i p  engaged and scraped 0.25 t o  0.28 i n .  of powder 

o f f  the c l e v i s  surface. Engagement stopped w i t h  the tang t i p  0.08 t o  0.09 i n .  

outboard o f  the c l e v i s  seal surface I D .  A p o r t i o n  o f  the engagement face o f  

the tang J-seal  das masked ou t  by the  powder be ing scraped o f f  a t  engagement 

bu t  d i d  no t  s i g n i f i c a n t l y  a f f e c t  the demate inspect ion.  J o i n t  contact  i n  

the rad ius d i d  no t  a f f e c t  contact  a t  the  j o i n t  I D  t i p .  Engineer ing design 

nominal r a d i a l  contact  a t  the t i p  i s  0.201 i n .  w i t h  the segment v e r t i c a l  

and the p rope l l an t  mean bu l k  temperature (PMBT) a t  7S°F. J o i n t  contact  a t  

the t i p  exceeded the design nominal desp i te  the contact  i n  the j o i n t  rad ius.  

Table 7-11. shows the  deg l oca t i ons  and the  r a d i a l  contact  d is tance a t  the  

I D  t i p  of the 3 - j o i n t  tang l e g  as measured w i t h  a  6- in .  scale.  

De f i  

some\ t 

cranster 

the J - j o i  

assembly 

t r a n s f e r  

r l i t i o n  o f  j o i n t  contact  using i nd i ca t i ons  o f  t r a n s f e r  powder was 

~ u b j e c ' . , ~ ! ~ .  Transfer va r ies  from almost no t r a n s f e r  t o  heavy 

and i s  a f i e c t e d  somewhat by the l oca l  th ickness o f  app l i ca t i on ,  

n t  assembled load, poss ib ly  by how l e v e l  the segments are a t  

and disassembly, and poss ib ly  by environmental e f fec ts  on the 

medium. The degree o f  t r a n s f e r  noted dur ing  the d ry  f i t  inspec t ion  

i s  summarized i n  Table 7-12. 

Enh ineer ing  design analys is ,  documented i n  TWR-16188 presents 

engagement lengths ( r a d i a l  surface contact,) f o r  f ou r  regions along the 
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Table 7-11. Transfer  Medium Inspect ion J - leg  T i p  Contact 

Locat ion 
(deg) 

2 
4-6 

8 
10 

12-16 
18-20 
22-38 
40-54 

5 6 
58-70 

7 2 
76-78 
80-82 
84-88 

90 
92-94 

9 6 
9 8 

100- l o 6  
108 
109 
110 

112-122 
124-132 

Radia l  Xfer 
( i n . )  

0.35 
0.40 
0.45 
0.50 
0.40 
0.50 
0.40 
0.38 
0.40 
0.50 
0.45 
0.43 
0.45 
0.38 
0.34 
0.38 
0.40 
0.50 
0.45 
0.30 
0. l 5 *  
0.32 
0. A 5  
0.37 

Locat ion 
(deg 

134-148 
150-158 

160 
162 
163 

164-168 
170-172 

171: 
176 
178 
180 

182-188 
190 

192-206 
208-264 
266-270 

272 
274 
276 
278 

280-296 
298-320 
322-360 

Radia l  X fe r  
( i n . )  

0.42 
0.45 
0.40 
0.45 
0.55 
0.45 
0.55 
0.34 
0.32 
0.45 
0.50 
0.65 
0.55 
0.45 
0.40 
0.50 
0.54 
0.56 
0.58 
0.55 
0.45 
0.40 
0.40 

*Local occurrence only--more i n d i c a t i v e  o f  t r a n s f e r  medium var iance A 

and not join4c contact  
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Table 7-12. Dry F i t  Inspec t ion  Summary 

Locat ion Locat ion 
(deg -- Transfer (deg Transfer  

Medi urn 148 t o  171 
L i g h t  171 t o  173 
L i g h t  t o  Medium 173 t o  178 
L i g h t  178 t o  192 
Medi um 192 t o  238 
Heavy 238 t o  246 
Medi um 246 t o  254 
Very L i g h t  t o  L i g h t  254 t o  264 
Medium t o  Heavy 264 t o  282 
L i g h t  282 t o  300 
Medium 300 t o  320 
L i g h t  320 t o  346 
Medium 346 t o  360 
Medi urn 

Medium t o  Heavy 
Heavy 
L i g h t  t o  Medium 
Medium t o  Heavy 
Med i urn 
L i g h t  t o  Medium 
Med i um 
Very L i g h t  t o  ~ i g h t  
Ned i urn 
L i g h t  t o  Medium 
Nothing* t o  L i g h t  
Ver-y L i g h t  t o  Medium 
Med i urn 

Where: 
L i g h t  = S l i g h t  t race  o f  powder t r a n s f e r  
Medium = P o s i t i v e  i n d i c a t i o n  o f  powder t r a n s f e r  
Heavy = Continuous o r  caked i n d i c a t i o n  o f  powder t r a n s f e r  
Nothing = Speckled t r a n s f e r  bu t  no continuous band o f  t r a n s f e r  
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i n s u l a t i o n  j o i n t  mat ing surface and a re  presented i n  t he  Table 7-13 f o r  

segments assembled i n  a  v e r t i c a l  pos i t i on .  

The t y p i c a l  sur face engagements d is tance o f  0.40 t o  0.45 i n .  and even 
t he  minimum d is tance o f  0.35 i n .  and maximum d is tance o f  0.065 i n .  a re  w e l l  

w i t h i n  the  de f ined  engineer ing ana lys is  r e s u l t s .  The engagement d is tance 
o f  0.8 t o  0.9 i n .  through t he  rad ius exceeded t he  design ana lys is  b u t  does 

no t  seem t o  a f f e c t  the  I D  t i p  engagement. No con tac t  was noted on t he  ramp 
unless i t  was near the  rad ius  OD and t h a t  was no t  i n d i v i d u a l l y  d is t ingu ished  

dur ing  the d r y  f i t  inspect ion.  No con tac t  was noted i n  t he  forward sec t ion  

e i t h e r .  

Three areas (0, 120, 240 deg) on the  c l e v i s  j o i n t  had been repa i red  

(very  we l l )  from a previous ins t rumenta t ion  assembly b u t  the areas were 

s t i l l  e a s i l y  noted i n  the  t r a n s f e r  medium dur ing  inspect ion.  

The r e p a i r  area a t  0 deg showed a burp t r a c k  through the  t r a n s f e r  powder 
along the  s ide o f  the r e p a i r  a t  359 deg. The t r a n s f e r  was reduced t o  approxi-  

mately 0.25 in .  i n  the  rad ius a t  the  l o c a l  area. Transfer  a t  the J - l eg  I D  
t i p  was not  a f fec ted ,  nor was the burp t r a c k  ev iden t  a t  the I D  t i p .  The 
design o f  the  J - j o i n t  a l lows a i r  t o  be exhausted from the  j o i n t  as pressure 

b u i l d s  dur ing  assembly as we1 1 as ach iev ing a j o i n t  contact  a t  motor i g n i -  

t i o n .  The burp t r ack  i n  the t r a n s f e r  medium ind ica ted  a pa th  o f  concentrated 

a i r  exhaust from the  j o i n t  du r ing  the  d r y  f i t  assembly and d i d  no t  i n d i c a t e  

a de fec t i ve  cond i t i on  o f  the j o i n t .  The rad ius p o r t i o n  o f  the  j o i n t ,  where 
the  burp t r a c k  was noted, i s  no t  i n  the  c r i t i c a l  bondl ine o f  the j o i n t  nor 

w i l l  ins t rumentat ion and channel r epa i r s  be a p a r t  o f  f l i g h t  motor f i e l d  

j o i n t s .  

The s l i g h t  p ro t rus ions  remain4ng on the  tang I D  t i p  surfaces, from the 

mold t o o l i n g  sprue holes, a l so  showed up very w e l l  i n  t he  c l e v i s  surface 

inspec t ion  as heavy contact  and scrape marks. J o i n t  contact  was noted ad- 
jacent  t o  each p ro t rus ioq ,  bu t  a t  a  lesser  degree. Powder was a lso  noted 
on the tang J-seal  between the rad ius and the s tee l  i n t e r f a c e  bu t  appeared 

t o  have on ly  s e t t l e d  i n  t h i s  area a f t e r  being s t i r r e d  up by exhaust ing a i r  

a t  j o i n t  assembly. The powder was no t  t r ans fe r red  by contact .  No e f f e c i s  

were noted which were a t t r i b u t e d  t o  the  j o i n t  leak t e s t .  
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Table 7-13. Joint Engagement Ranges 

(in.) - (in.) (in.) 

Region 1 
(ID t i p )  

Minimum 
Maximum 

Region 2 
(radius) 

Minimum 
Max i mum 

Point 
0.0184 

Minimum 
Maximum 

Reyion 4 
(forward section) 

Minimum 
Maximum 

Point 
0,0530 

Point 
0.0530 

Point 
0.0530 
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A comparison o f  t he  d r y  f i t  r e s u l t s  t o  the  j o i n t  p r o f i l e  measurements 

does no t  show very good compa t i b i l i t y .  The p r o f i l e  measurement ana lys is  

on ly  def ines probable engagement a t  s p e c i f i c  i nspec t ion  p o i n t s  wh i l e  the  

d r y  f i t  :Ath t r a n s f e r  medium shows p o s i t i v e  contact  anywhere i n  the  j o i n t .  

Even cons ider ing t he  l a rge  d i f f e rence  i n  t he  type o f  i nspec t ion  r e s u l t s ,  no 

contact  was noted along the  bonding sur face o f  t he  J - j o i n t  between t he  I D  
contact  p o i n t  and the  beginning o f  the  rad ius  by t he  d r y  f i t ,  whereas the  

j o i n t  p r o f i l e  ana lys is  showed contact  i n  t h i s  area f u l l  circumference. 

Both inspec t ion  methods d i d  i n d i c a t e  con tac t  a t  the  i n s i d e  diameter o f  

the  J - j o i n t ,  which i s  t he  most c r i t i c a l  area, and a t  the  rad ius.  

7.3.3.4 Wet Fit--Second F u l l  Mate With J o i n t  Adhesive. Tang and c l e v i s  

j o i n t  surfaces were wet abraded using abras ive paper and t r i ch lo roe thane .  

The f i g u r e  descr ib ing  j o i n t  i n s u l a t i o n  abrasion, from TWA-1177, was added 

t o  t he  OM1 by a dev ia t ion .  I n s u l a t i o n  design engineer ing aided w i t h  the  

abrasion and approved the  f i n a l  r e s u l t  p r i o r  t o  j o i n t  assembly. An engineer 

a lso  donned a r e s p i r a t o r ,  face sh ie ld ,  cove ra l l s ,  and gloves and abraded 

approximately th ree- four ths  o f  the tang j o i n t  surfaces wh i l e  a hose from an 

atmosphere t e s t i n g  device was at tached t o  him f o r  asbestos sampling. The 

sample was taken cont inuous ly  i n  excess o f  10 min and sampled a1 1 p a r t i c l e s ,  

no t  j u s t  asbestos. The sa fe ty  person opera t ing  the  t e s t  equipment i nd i ca ted  
3 he had reg i s t e red  0.01 pa r t s  per  cm and was we1 1 below the  a l lowable l i m i t s .  

The t e s t  apparatus d i d  no t  d iscern  i f  the  sample contained asbestos o r  o ther  

a i rborne p a r t i c l e s .  Abrasion o f  the  tang was accomplished us ing 180- and 

220-gr i  t abrasives. 

The coarser abrasive d i d  a b e t t e r  job  i n  less  t ime. The protuberances 

a t  the  tang J - l eg  I D  were removed and the  J - j o i n t  surfaces were inspected 

and approved by i n s u l a t i o n  design. The protuberances should have been 

removed a t  Morton Thiokol  p r i o r  t o  shipping. C r i t e r i a  s ta tes  t h a t  the  

protuberances s h a l l  be no more than 0.01 i n .  h igh.  Q u a l i t y  has no way o f  

measuring t he  he igh t  o f  the protuberances accurate ly  i n  a t ime l y  manner. 

I t i s  recommended t h a t  the  inspec t ion  c r i t e r i a  be changed t o  i n d i c a t e  t h a t  

protuberances be abraded u n t i l  they cannot be f e l t  by touch and t h a t  an 

inspec t ion  standard be prov ided i f  necessary. 
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A complete abrasion of the  c l e v i s  j o i n t  sur face wtis accomplished t he  

f i r s t  t ime us ing 600 -g r i t  abras ive paper and b a r e l y  d u l l e d  the  sheen on o n l y  

a p o r t i o n  o f  the  j o i n t .  The OM1 c a l l e d  f o r  180 o r  f i n e r  g r i t  abras ive t o  be 

used and 600 -g r i t  abrasive was available on the  p l a t f o r m  when t he  work begac. 

The surfaces were abraded again us ing  1 8 0 - g r i t  abras ive paper. A request 
was made t h a t  t he  f l i g h t  OMIs be charqed t o  s p e c i f i c a l l y  request 180- t o  220- 

g r i t  abras ive t o  reduce the  process t ime and ensure adequate abrasion o f  the 

j o i n t  surfaces. I t  i s  a l so  recommended t h a t  a cau t ion  be added t o  t he  OM1 
t h a t  the  I D  corners o f  t he  tang J - l e g  and the  c l e v i s  bonding sur face no t  be 

rounded du r i ng  the  abrasion process. Rounding o f  t he  corners woul6 cause a 

s l i g h t  opening a t  the  j o i n t  I D  con tac t  p o i n t .  

P r i o r  t o  abrading t he  j o i n t  surfaces, grease had been removed from the  

j o i n t  surfaces. The s tee l  and NBR j o i n t  surfaces had been cleaned wSth tr i- 
chloroethane. Fo l lowing the  abrasion process, the  j o i n t  surfaces were again  

cleaned :nd the NBR po r t i ons  o f  the j o i n t  were masked us ing ~ e l o s t a t @  (b lack 

a n t i - s t a t i c  p l a s t i c  sheet icg) and a1 uminum conduct ive tape. The j o i n t  was 

masked as descr ibed i n  TWA-1177 and shown i n  F igure 7-22. TWA-1177 c a l l s  

ou t  t he  use o f  yo l l ow  v i n y l  tape and K r a f t  paper b u t  t he  use o f  bo th  ma- 

t e r i a l s  was disapproved. V iny l  tape caused t oo  ~nuch s t a t i c  charge when 

be ing removed from the  tape rn: 1 and probably would have a t  removal from +he 

masked surfaces a lso.  The K r a f t  papen i s  flammable and was no t  al lowed f o r  

use. The ac tua l  f i gu res  from TWA-1177 were added t o  the  OM1 by dev ia t i on  

w i t h  t he  above noted mate r ia l  changes included. I t  i s  recommended t h a t  
-. 
IWA-1177 be changed t o  r e f l e c t  the  usc o f  ~ e l o s t a t @  and aluminum tape. 

Transfer  medium from the prev ious t e s t  had been removed from the  j o i n t  

surfaces and residues were cleaned ou t  o f  t he  s t ee l  j o i n t  areas. However, 
the  spray powder overspray was noted t o  extend t o  the  bore o f  t he  segment 

bu t  i t  was on ly  cleaned from the  j o i n t  inboard t o  an arms length.  Morton 

Thiokol  engineers requested t h a t  the  overspray be e n t i r e l y  removed b u t  were 

t o l d  t h a t  KSC operat ions d i d  no t  a l l o w  anyone above o r  on the  i n h i b i t o r  

surface t o  do such a c lean ing operat ion.  The ducted a i r  b lowing toward the  

segment s t i r r e d  up the  powder cons tan t l y ,  t r ans fe r red  i t  i n t o  the  j o i n t  

grease, and created q u i t e  a contaminat ion problem. A recommendation was 
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made t h a t  a l l  t r a n s f e r  powder be cleaned o f f  o f  segment surfaces i n  the  

f u t u r e  before proceeding w i t h  o ther  t es t s .  

Jus t  p r i o r  t o  apply ing the  adhesive, a f t e r  removal o f  t he  masking, t he  

j o i n t  surfaces were inspected by i n s u l a t i o n  design engi n2ers f o r  defects  

and contaminatinn. T iny r o l l s  o f  i n s u l a t i o n  were noted which had b a l l e d  up 
dur ing  the  abrasion process and had no t  been removed by the  so lven t  wipe. 

Th is  cond i t i on  would probably no t  a f f e c t  the  f unc t i on  o r  i n t e g r i t y  o f  t he  

j o i n t  except i f  the  res idue were excessive enough t o  a c t  1 i ke a dust  cool- 

taminant t o  the  j o i n t  adhesive. It i s  recommended t h a t  a good j o i n t  inspec- 

t i o n  be accomplished p r i o r  t o  appiy ing the adhesive t o  de tec t  abrasion . 

residues. I t  i s  a lso  recommended t h a t  a u l t r a v i o l e t  I i g h t  ( b l a c k l i g h t )  

i nspec t ion  be accomplished on the  tang and c l e v i s  J - j o i n t  surfaces p r i o r  

t o  adhesive appl i c a t i o n .  Any i nd i ca t i ons  o f  grease should be removed. 

The so lvent  dispersed j o i n t  adhesive (STW5-3479) was appl i e d  us ing 

2 - in .  wide foam brushes as descr ibed ill TWR-1177 and shown i n  F igure 7-23. 

I n s u l a t i o n  design engineers began the  appl i c a t i o n  t o  the tang j o i n t  sur face 

t o  show the opera idrs  the method o f  app l i ca t i on .  The forward end o f  the 
8 a f t  segment was completely covered by Ve los ta t  a t  t h i s  t ime t o  prevent  

adhesive from dropping and contaminat ing the  c l e v i s  j o i n t  surfaces o r  the 

greased c l e v i s  surfaces. KSC operators then began the  a p p l i c a t i o n  o f  the 

adhesive from the  s t a r t i n g  p o i n t  and progressed i n  bo th  d i r e c t i o n s  around 

the  j o i n t  t o  completion. A f t e r  removing the ~ e l o s t a t @  from the  a f t  segment, 
the c l e v i s  j o i n t  surfaces were a lso  prepared w i t h  j o i n t  adhesive by KSC 

technic ians using the  same methods. Adhesive was app l ied  t o  t he  j o i n t  

surfaces as shown i n  F igure 7-23 and t y p i c a l l y  extended from the  j o i n t  I D  t o  

halfway around the  radius.  I t requ i red  less  than 20 min and loss  than 

1 q t  o f  adhesive t o  prepare each j o i n t ,  however, i f  a problem were t o  be 

encountered, the adhesive would most probably exceed i t s  po t  l i f e  p r i o r  t o  

complet ing a p p l i c a t i o n  and an add i t i ona l  k i t  would be needed. Small d i s -  
crepancies were noted i n  the a p p l i c a t i o n  where the adhesive was app l ied  

up i n t o  the rad ius area, ou t  o f  the to lerance zone. This cond i t i on  would 
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no t  have a f f ec ted  the j o i n t  opera t ion  b u t  was repa i red  by removing t he  ex- 

cess adhesive w i t h  1  i n t  f r e e  c l o t h s  and t r i ch l o roe thane  t o  comply w i t h  

appl i c a t i o n  to lerances. 

The f i n a l  assembly o f  ATA, us ing j o i n t  pressure sens i t i ve  adhesive (wet 

f i t ) ,  showed j o i n t  con tac t  f u l l  circumference a t  the  J-seal  I D  t i p ,  and a t  

the rad ius.  The adhesive a p p l i c a t i o n  d i d  no t  extend around the  rad ius ,  50 

the engagement d i  stance was no t  determi ned. The adhesive apparent ly i s  

app l ied  w i t h  a  t h i nne r ,  more un i form th ickness than the  t r a n s f e r  medium and 

general l y  shows s l  i g h t l y  less  contact  ( r p d i a l  l y )  than the t r a n s f e r  medium 

ind icated.  The reduced r a d i a l  contact  d is tance may a lso  have been caused by 

less  contact  due t o  i n s u l a t i o n  se t  caused by t he  d ry  mate. 

a. Tang. The adhesive a t  the I D  t i p ,  where i n i t i a l  contact  i s  made a t  

assembly, was inc reas ing ly  th inner ,  g i v i n g  an i n d i c a t i o n  of the  contact  

and scraping a c t i o n  o f  the tang a t  assembly (F igure 7-24). The adhesive 

was no t  scraped comp!rt2ly tiff nor was i t  rcjl led  up. Some i nd i ca t i ons  

o f  adhesive were apparent on the I D  f ac i ng  surface (no t  the contact  

surface) o f  the  J - l c g  where adhesive oozed over the  edge a t  app l i ca t i on .  

No i nd i ca t i ons  were apparent t h a t  adhesive p l w e d  up i n  f r o n t  o f  the 

tang I D  edge by the  scraping ac t ion .  

The adhesive f a i l e d  a t  the bondl ine f u l l  circumference. No 

instances were noted where patches o f  adhesive were p i l l  l e d  up from the  

NBR. 

Contact a t  the  j o i n t  I D  t i p  was roughly  0.19 i n .  r a d i a l l y  ( t y p i c a l )  

and formed a f a i r l y  un i form band o f  contact .  Contact ranged from 0.13 

i n .  minimum t o  0.34 i n .  maximum. The minimum and maximum occurremes 

were f o r  very shor t  arc  lengths.  The inboard i n d i c a t i o n  n f  contact ,  

along the band o f  contact ,  was very un i form bu t  the  outboard edge was 

ragged i n t e r m i t t e n t l y  and exh ib i t ed  a  h a i r l i n e  o f  no contact ,  i n  many 

instances, between the  un i form band o t  contact  and t he  ragged p o r t i o n  o f  

contact .  

I t  i s  thought t h a t  the  un i form band def ines the o r i g i n a l  con tac t  

p o i n t  on the c leb 1 s j o i n t  and the area scraped a t  assembly. The ha i  r l  i n e  
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between t h e  un i fo rm bond and t h e  ragged p o r t i o n s  i s  b e l i e v e d  t o  be t h e  

p o i n t  o f  o r i g i n a l  c o n t a c t  and h i g h e s t  pressure a t  assembly Glere adhesive 

was removed o r  a  s l i g h t  r i d g e  formed and t r a n s f e r r e d  back t o  the  f u l l  

assembled j o i n t  on t h e  tang sur face as no contac t .  The same i n d i c a t i o n s  

h e l d  t r u e  f o r  t h e  c l e v i s  sur face and a l s o  suggest t h e  ragged l o o k i n g  

c o n t a c t  areas a re  caused a*. i i ~ a l  assembly and n o t  a t  i n i t i a l  con tac t .  

Table 7-14, below, presents  t h e  d r f i n i t i o n  o f  t h e  un i fo rm c o n t a c t  

d i s tance  i n  the  j o i n t  and t h e  ragged c o n t a c t  areas each 45 deg. 

Table 7  14. .?o in t  Adhesive I n s p e c t i o n  J - l e g  T i p  

Uni form Contact T c i a l  Contact  
Locat ion Radia l  D is tance I n c l  /Ragged Edge 

(deg) ( i n .  ) ( i n . )  

315 0 .21 
Data i n  t h e  above t a b l e  are  t y p i c a l  

0.30 
0.23 
N/ A 
N/ A 
N/ A 
0.27 
N/ A 
N/A 

f o r  t h e  e n t i r e  tang s i d e  o f  t h e  

j o i n t ,  showing most ly  0.19- t o  0 .21- in .  r a d i a l  contac t .  The minimum 

con tac t  d i s tance  was noted a t  148 deg and was 0.13 i n .  f o r  1 .0  i n .  

c i r c u n l f e r e n t i a l  l y .  The l a r g e s t  con tac t  d i s tance  was 0.34 i n .  a t  337 

deg. A ragged outboard con tac t  edge was ev iden t  from 0  t o  76 deg and 

smooths o u t  from 76 t o  144 deg. From 144 t o  244 deg, a  ragged outboard 

edge was agai i i  apparent and e x h i b i t e a  the  h a i r 1  i n e  separa t ion  1  i n e  o f  

no t r a n s f e r  descr ibed above. Th is  l i n e  was v i s i b l e  most o f  t h e  way 

around the  j o i n t  b u t  was n o t  as ev iden t  i n  t h i s  reg ion .  The ragged 

edge decreased s i g n i f i c a n t l y  from 244 t o  360 deg. Spot ty  i n d i c a t i o n s  
o f  ragged edges i n  t h i s  r e g i o n  were v i s i b l e  b u t  , , ~ t  t o  the e x t e n t  as 

found a t  0 t o  76 deg. 

Grease, from the  capture  f e a t u r e  0 - r i  ng i n s t a l  l a t i o n  and j o i n t  

grease touchup, was noted on the  tang j o i n t  NBR sur face i n  a  un i form.  
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f u l l  cover coat  approximately 0.3 i n .  a f t  o f  the  capture fea tu re  where 

the  masking d i d  no t  extend. I t  i s  recommended t h a t  the  tang j o i n t  

masking be p laced on t he  tang j o i n t  as f a r  a f t  as poss ib le  w i thou t  

in t roduc ing  a la rge  p o s s i b i l i t y  o f  degrading the  s tee l  j o i n t  grease 

app l i ca t ion .  

b. Clev is .  Ths c i e v i s  s w f a c e  shows a f ree ,  noncontact area a t  the  I D  edge 

as was shown f o r  the t r a n s f e r  medium inspect ion.  I h e  noncontact area 

i s  0.11 t o  0.15 i n .  r a d i a l  l eng th  (Figure 7-5). Contact i s  shown i n  a 

un i form band outboard o f  t h i s  noncontact ai'?a w i t h  a ragged appearance 

i n t e r m i t t e n t l y  j u s t  outboard o f  the  un i form band f u l l  circumference as 

was shown f o r  the  tang s ide as descr ibed above. The band o f  con tac t  i s  

t y p i c a l l y  0.19 i n .  r a d i a l l y  (0.17 minimum t o  0.29 maximum). Contact was 
represen ta t i ve  o f  t h a t  shown on the  tang bu t  some areas d i d  no t  appear 

LO match exac t l y  from tang t o  c l e v i s .  Table 7-15 d e t a i l s  some of the 

inspec t ion  dimcnsicns. 

Up t o  0.29 i n .  maximum o f  r a d i a l  contact  a t  10 dey was shown f o r  a 

shor t  arc  length.  The h a i r l i n e  d i v i s i o n  between the un i form hax! U; 

contact  and the  ragged edge o f  contact  P!X dpparent as descr ibed f o r  the 

tang s ide o f  the j o i n t .  The contact  showing the ragged appearance i s  

heav iest  between 0 t o  10 deg, 120 t o  300 deg, and 334 t o  360 dey. A t  

146 deg the  ragged edge shows a t o t a l  contact  var iance o f  0.15 t o  0.23 

inch.  The j o i n t  adhesive a lso  exh ib i t ed  adhesive f a i l u r e  a t  the  tang 

adhesive t o  the  c l e v i s  adhesive as shown by inspec t ion  of the  c l e v i s  

j o i n t  surfaces. No areas were noted where j o i n t  adhesive had peeled up 

from the NBR surface and a f u l l  cover coat o f  the  j o i n t  adhesive re-  

mained i n  place. 

No contact  o f  the j o i n t  was noted i n  the  adhesive between the 

contact  a t  the I D  o f  the j o i n t  and the rad ius.  Contact i s  shown f u l l  

c i rcun~ference i n  the rad ius as w e l l  as a t  the j o i n t  I D .  The surface 

d is tance o f  contact  i n  the rad ius was no t  determined because the  ad- 

hesive d i d  not  extend a rmnd  the  rad ius.  The inboard edge o f  contact  

i s  f a i r l y  cons is ten t  around the j o i n t  circumference and appears t o  

s t a r t  near the t r a n s i t i o n  p o i n t  o f  the rad ius.  
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Table 7-15. J o i n t  Adhesive Inspect ion C lev is  Surface 

Noncontac t a t  Ragged Edge 
Location I D  o f  Surface Hard Contact Tota l  Contdct 

(deg) - ( i n . )  ( i n . )  ( i n . )  

N/A 
N/A 
N/A 
N/A 
0.30 
0.30 
0.23 

Spotty 
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Grease d i d  extend onto  t h e  c l e v i s  NBH su r face  b u t  o n l y  as f a r  as 

the  i n i t i a l  s tep a t  t h e  extreme forward edge o f  t h e  j o i n t .  No beads o f  

grease had been pushed up i n  f r o n t  o f  the  capture  f e a t u r e  O-r ing.  De- 

mate i n s p e c t i o n  o f  t k e  grease i n  regard t o  t h e  i n s u l a t i o n  was very  

s a t i s f a c t o r y .  

Inspec t io i l  ~f t h e  j o i n t  surfaces,  tang  and c l e v i s ,  d i d  n o t  d e t e c t  any 

i nd ica t ioqs  

cornpromi sed 

i n d i c a t i o n s  

was damaged 

mat ter  from 

t h a t  t h e  , j o i n t  o r  i n s u l a t i o n  s t r u c t u r a l  i n t e g r i t y  had been 

by the  mate/demate procedure. There were no v i s i b l e  

t h a t  the  J - j o i n t  c o n f i g u r a t i o n  o r  the  i n s u l a t i o n  m a t e r i a l  

by t h e  mate o r  demate process. KO f i b r o u s  o r  p a r t i c u l a t e  

the  i n s u l a t i o n  was noted. No i n d i c a t i o n s  were noted, 

e i t h e r ,  t h a t  t h e  J - j o i n t  c o n f i g u r a t i o n  d i d  n o t  m a i n t a i n  s t r u c t u r a l  

i n t e g r i t y  d u r i n g  t h e  assembly process. J o i n t  i n s p e c t i o n  d i d  note  an 

upacceptable l e v e l  o f  contaminat ion i n  t h e  j o i n t .  L i n t ,  dus t ,  h a i r ,  

and t r a n s f e r  medium was found i n  t h e  j o i n t  adhesive and i n  t h e  s t e e l  

p o r t i o n s  o f  t h e  j o i  n t .  Recommendations t o  reduce t h e  contami n a t i o n  

are  d e t a i l e d  l a t e r  i n  the  s e c t i o n  documenting t h e  j o i q t  assembly 

enclosure. 

The r e s u l t s  o f  t h e  wet mate i n s p e c t i o n  compared f ~ v o r a b l y  w i t h  t h e  

r e s u l t s  o f  the  d r y  t i t  inspec t ion .  The r a d i a l  l e n g t h  o f  engagement a t  

the  : - j o i n t  I D  : ; p  was longer  f o r  t h e  d r y  f i t  than was noted f o r  the  wet 

mate b u t  the d i f f e r e n c e  can probab ly  be a t t r i b u t e d  t o  t h e  d i f f e r e n c e  i n  

the m a t e r i a l s  and t h e  a p p l i c a t i o n  th ickness and t o  the  e f f e c t s  o f  ma- 

t e r i a ;  s e t  caused by m u l t i p l e  assemblies. The same reg ions showed 

contac t  f o r  bo th  i nspec t ions .  The wet mate, t h e r e f o r e ,  d i d  n o t  compare 

favo rab ly  w i t h  the  r e s u l t s  o f  the  j o i n t  p r o f i l e  a n a l y s i s  c7y b e t t e r  

than the  d ry  f i t  compared w i t h  t h e  j o i n t  p r o f i l e  ana lys i s .  

i o n t a c t  a t  t h e  j o i n t  I D  t i p ,  as noted 9n t h e  c l e v i s  (0.17 minigum 

t o  0.29 maximum), tnough reduced from t h e  d r y  f i t  con tac t  l eng th ,  i s  

s t i l l  w e l l  w i t h i n  the  con tac t  lengths  found i n  Table 7-13 from 

e ~ g i i e e r i n g  design ana lys i s .  
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Photo coverage was no t  achieved as s p e c i f i e d  because o f  r e s t r i c t i o n s  
and schedule r e s t r a i n t s .  Some photos were taken b u t  no t  w i t h  t he  proper 
views and no t  as s p e c i f i e d  i n  CTP-0008. 

A t  t he  completion of the wet mate t e s t  t he  j o i n t  adhesive was t o  be 

cleaned o f f  p r i o r  t o  c l os i ng  ~ u t  the  segment. This was t o  occur f o r  
storage and shipment o f  the  segments and t o  fami 1  i a r i  ze the  technic ians 

w i t h  adhesive removal, should i t  be requ i red  f o r  f l i g h t  motors. I ns t r uc -  

t i o n s  were g iven t h a t  the  adhesive should be removed w i t h  c lean c l o t h s  

and t r i ch lo roe thane  sol  vent. The l ~adman  and operat ions engineer were 

t o l d  t h a t  t he  adhesive does no t  come o f f  e a s i l y  and t h a t  a  l o t  o f  work 

would be requ i red  t o  remcve it. They were a lso  t o l d  t h a t  the  adhesive 

r o l l s  i n t o  b a l l s  as i t  comes o f f  and does no t  d isso lve  i n  the so lvent .  
As soon as t he  work s t a r t e d  t o  remove the  adhesive, requests were made 

t o  a l low the use o f  a l t e rna te  so ivents  and techniques. Power t o o l s  are 
no t  al lowed f o r  use on the  j o i n t  sur face and o ther  so lvents  have no t  

been used a t  Morton Thiokol  except t h a t  methyl e t h y l  ketone (MEK) was 

used on a  t r i a l  bas is .  MEK does no t  remove the  so lven t  any more r e a d i l y  

than t r i ch l o roe thane  and i t s  f l ammab i l i t y  i s  h igher  and i s ,  therefore,  a  

sa fe t y  r i s k .  Therefore, the suggested removal method was used t o  c lean 
t he  j o i n t .  I n s u l a t i o n  design recommends t h a t  t he  removal method and 

acceptance requi  rements be speci f i e d  i n the  appropr ia te  document. 

7.3.3.5 Case Unbonds. Case unbond inspec t ion  was made o f  the  ATA segments 
a t  Morton Thiokol  and KSC dur ing  f a b r i c a t i o n  and t e s t  o p e r a t i o w .  Table 7-16 
documents the r e s u l t s  o f  the  cen.~er. segment case unbonds noted a t  Morton 

Thiokol .  Table 7-17 documents case unbonds r,oted on the  same segment a t  KSC. 
Table 7-18 documents the  case unbonds noted on the  a f t  segment a t  KSC. 

Evaluat ion o f  the data i nd i cs tes  t h a t  de tec t i on  and documentation o f  w- 
bonds i s  h i g h l y  operator  and t o o l  sens i t i ve .  The frequency o f  detected 
unbonds grows w i t h  increased inspec t ion  and increased i n t e n s i t y  o f  the  

inspec t ion  as seen by eva lua t ion  o f  the  center  segment data a t  Morton 

Thiokoi .  Oniy one se t  o f  unbond data i s  give,i  f a r  the  same segment a t  KSC 

bu t  the data was gathered from a t  l e a s t  two sep6rate inspect ions,  once i n  

the RPSF a t  r ece i v i ng  and l a t e r  i n  the  VAB. Data f o r  t he  a f t  segment 
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Table 7-17. ATA A f t  Center Segme~t 
C lev is  Unbonds--KSC 

--Receiving inspec t ion  a t  
RPSF, 19 Nov 1987 
- -Hor izonta l  i n s p e c t i o n  
--PR PV-6-086545 

Loca t ion  
(deg 

0, 0.171 i n .  
c i r cumferen t ia l  

2, 0.187 

4.5, 0.656 

6, 0.234 

9, 1.0 

18, 0.625 

28, 3.812 

34, 2.125 

38, 3.718 

SO, 2,078 

43, 1.281 

48, 1.5 

56, 1.625 

58, 1.343 

65, 1.484 

68, 0.5 

70, 1.0 

77, 1.0 

88, 1.0 

90, 0.75 

100, 20 

REVISION - 

88942-12.1 

A x i a l  Length 
( i n . )  

0.062 

0.046 

0.078 

c .  %b 

0.078 

0.046 

0.125 

0.093 

0.125 

0.125 

0.078 

0.109 

0.062 

0.093 

0.093 

0.125 

0.062 

0.078 

0.156 

0.125 

0.062 

- - Inspect ion w i t h  a i r  l oad  t o o l  
i n  VAD n o t  a v a i l a b l e .  A x i a l  
unbond d is tances no t  taken 

C i  rcurn ferent ia l  
Loca t ion  

W e d  

104-120, 19.75 i n .  

244, 1.50 

276-292, 20.50 

295-338, 4.325 f t  

338-342, 6.0 i n .  

353-356, 5.0 in .  

A x i a l  Length 
( i n . )  

0.078 

0.0932 

0.343 

0.155 

0.140 

0.156 

0.109 

0.109 

0.093 

0.109 average 

0.109 average 

0.155 

0.140 

0.124 

0.109 

0.124 average 

0.125 

0.109 
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Table 7-18. A f t  Segment Clevis Unbonds-KSC 

--Receiving inspect ion a t  
RPSF 15 Nov 1967 
--Horizontal inspect ion 
--PR PV-6-086141. lta 1 

Circumferent ia l  
Locat i o n  
(deg/in.) 

76/1/16 

120-12312.5 

13C-13313.0 

141-142/1.5 

21911.5 

193. 3/8 

198, 112 

221-223, 2.0 

226-230, 4.5 

236-252 i n t e r m i t t e n t  

300, 318 

3021 1.5 

307, 1/8 

306, 114 

309, 118 

REVISION - 

Axial  Length 
( i n . )  

0.515 a t  12C deg. 
0.061 a t  122 deg 

0.061 a t  130 deg. 
0.015 a t  132 deg 

0.046 

0.124 

0.140 a t  221 deg. 
0.109 a t  223 deg 

0.124 a t  226 deg. 
0.109 a t  228 deg 

0.061 minimum. 
1.140 maximum 

0.093 

0.109 

0.078 

0.078 

0.078 

--Repeat inspection a t  --ATA i t~spec t ion .  f u l l  cas t ing  
RPSF 18 Nov 1987 segnrnt i n  VAB. D-level. High 
--Horizontal inspect ion Bay 1. 6 Dec 1987 
--PR PV-6-086141. - -Ver t i ca l  inspect ion 

Item 1.5 --PR PV-6-086141, Itm 2 

Locat ion Ax ia l  Length Locat ion 
(deg) ( in . )  (deg) Ax ia l  Length 

76 0.093 0 t o  40 Requested but  
no t  determined 

120 0.78 42. 1/4 in .  
c i r cumferen t ia l  

122 0.046 44, 112 In .  
c i r cumferen t ia l  

45 t o  54 

56, 114 in .  
c:rcumferential 

60, 1/4 i n .  
c i r cumferen t ia l  

62. 1/4 i n .  
c i r cumferen t ia l  

67, 1/2 i n .  
c i r cumferen t ia l  

82 t o  87 

89 t o  91 

113 t o  120 

122 t o  148 

148 t o  156 

157 t o  166 

167. 1/2 in .  
c i r cumferen t ta l  

168 t o  171 

172 l o  202 

204 t o  224 

225 t o  288 

290. 1/2 I n .  
c t rcumferent ta l  

295 t o  330 

332 t o  359 

5 7 
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unbonds a t  KSC a l so  seems t o  f o l l o w  t h i s  t rend. It was a l so  noted t h a t  
inspec t ion  r e s u l t s  from one i nspec t i on  a re  no t  accura te ly  dup l i ca ted  by  t he  

nex t  inspec t ion  even on the same DR from inspec t ion  t o  inspect ion.  Unbonds 
fouod a t  Morton Thiokol  are  no t  accura te ly  dup l i ca ted  a t  KSC e i t h e r .  

Ur.bond inspec t ion  r e s u l t s  cou ld  be in f luenced  by a number o f  f ac to r s ,  
i . e. , temperature (PMBT), ho r i zon ta l  versus v e r t i c a l  segment o r i e n t a t i o n ,  

t o o l  i f i g  , inspec t ion  methods and operator  s e n s i t i v i t y .  Eva1 ua t i on  o f  t he  

resu I t s  do no t  i n d i c a t e  t h a t  the  unbonds a re  growing so much as i t  i nd i ca tes  

a need f o r  accurate accepted inspec t ion  method which w i l l  p rov ide  un i form 

and cons is ten t  r esu l t s .  

The a i r  load t o o l ,  f o r  i nspec t ion  o f  unbonds, was used on the  c l e v i s  end 

o f  t he  a f t  segment wh i le  the  segment was stacked f o r  t he  d r y  mate. A de- 
t a i l e d  inspec t ion  was no t  made b u t  t he  r e s u l t s  were recorded on videotape. 

Observation o f  the  process noted t h a t  l a rge  areas of the  j o i n t  were un- 

bonded. Unbonds extended approximately 0.2 t o  0.3 i n .  maximum ax i  a1 l y .  
8 Visual  i nspec t ion  noted t h a t  the Chemlok bonding mate r ia l s  were present  

and t h a t  they had a l l  separated from the  case w a l l  and were at tached t o  
the NBR. The a i r  j e t ,  aimed r i g h t  a t  the  lead ing edge o f  t he  NBR, opened 

up the  unbonds so t h a t  they were r e a d i l y  apparent v i s u a l l y  and on the  video 

r n i  t o r .  The grease had no t  been cleaned o f f  from the  c l e v i s  ID surface 

and i t  was noted t h a t  when the  unbonds would open up, the  a i r  j e t  would 

blow grease i n t o  the  bondl ine.  I t  i s  s t r ong l y  recommended t h a t  f u t u r e  
inspec t ion  w i t h  the  a i r  l oad  t o o l  be accomplished on ly  a f t e r  t he  grease i s  

thoroughly cleaned o f f  o f  t he  c l e v i s  ID l e g  inner  face. Repairs may be 

necessary and would be improved w i t h  ou t  grease contamination. Fo l lowing 

a pass o f  the a i r  load t o o l ,  i t  was a lso  noted t h a t  the  NBR had been fo rced  

away from the  case, had taken on some mate r ia l  se t ,  and remained open. No 
data a re  i n  hand a t  t h i s  t ime t o  determine whether o r  no t  t he  NBR re laxes 

back i n t o  p lace a f t e r  a g iven t ime. 

A l a t e r  sec t ion  d e t a i l s  t h a t  Morton Thiokol  has taken a c t i o n  i tems t o  

evaluate methods o f  prevent ing unbonds i n  the  f u t u r e  and t o  eva luate r e p a i r  

of cxi s t i n g  unbonds. 
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7.3.3.6 J o i n t  Assembly Enclosure. The j o i n t  assembly was accomplished i n  

the  enclosure which was designed t o  f unc t i on  as t he  c lean room f o r  j o i n t  

assembl i es .  The enclosure consisted, i n  p a r t ,  o f  r e i n fo r ced  p l a s t i c  draped 

around the  segment be ing i n s t a l l e d  and secured several  f e e t  above the  j o i n t  

w i t h  a  s t r ap  running around the  segment per imeter.  This p l a s t i c  was r o l l e d  

up and secured t o  the  segment dur ing  t h  l i f t  operat ion.  The remainder o f  

the  enclosure cons is ted o f  the  assemblj f l o o r  and a s t r ~ c t u r e  surrounding 

the f l o o r  which was a lso  draped w i t h  r e i n fo r ced  p l a s t i c .  The assembly f l o o r  

was approximately 2  f t  above the p l a t f o rm  l e v e l .  When the  segment be ing 

assembled was 1 i f t e d  i n t o  place, approximately 1 .5  t o  2  f t  above the  p rev i -  

ous ly  assembled segment, the  p l a s t i c  was un ro l l ed  from the  upper segment and 

pu l  l e d  out  and draped over lapp ing the  enclosure s t r u c t u r e  o f  the  assembly 

f l o o r .  Ent ry  t o  the enclosure was made through an opening i n  the p l a s t i c  

which was e s s e n t i a l l y  a  s l i t  fastened w i t h  ve lc ro  each f t  o r  so. The 

enclosure, then, cons is ts  o f  p l a s t i c  which i s  fastened t o  a  segment w i t h  a  

s t r ap  and draped over the assembly f l o o r  encloscre.  The assembly f l o o r  

p l a s t i c  hcsrrg below the assembly f l o o r  l e v e l .  None o f  the enclosure j o i n t s  

was p o s i t i v e l y  sealea bu t  two ducts i n  the enclosure d i d  d i r e c t  a i r  i n t o  

the enclosure t o  c rea te  p o s i t i v e  pressure. The enclosure worked p a r t i a l l y  

bu t  must have some improvements as l i s t e d  below: 

a. The p l a t f o rm  f l o o r  must be cleaned dur ing  enclosure setup 

b. I n s t a l l  a  f l o o r  mat outs ide the enclosure entrance t o  c lean shoes on. 

c.  Use f u l l  ha i rne ts  i ns i de  the  enclosure which w i l l  conf ine a l l  h a i r .  

d. A i r  vents i n  the enclosure should no t  be aimed d i r e c t l y  a t  the  segment 

E x i t  duct  f i l t e r s  should be i n s t a l l e d  and could  be used t o  d i f f u s e  the 

a i r  f low. 

e. Modify the  en t r y  door t o  c lose  and seal more e a s i l y  o r  t o  c lose  by 

i t s e l f  a f t e r  en t ry .  The e n t r y  d i d  no t  c lose  and seal e a s i l y  and was 

f requen t l y  l e f t  unfastened. 

f .  Use ~ e l o s r a t @  t o  cover the forward end o f  the  i n s t a l  l e d  segment dur ing  

1  i f t  operat ions and enclosure setup t o  prevent contaminat ion from 

fa1 1 i n g  onto the i n h i b i t o r  and i n t o  j o i n t  surfaces. 
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g. The e n t i r e  i n h i b i t o r  surface s h a l l  be cleaned to  remove contaminants 

p r i o r  t o  f i n a l  assembly. This i s  s p e c i f i c a l l y  requested i f  t r a n s f e r  

medi um was p rev ious ly  appl i e d  t o  j o i n t  surfaces. 

h. A l l  ~ p e r a t o r s  en te r i ng  the  enclosure should wear Tyvek s u i t s  t o  promote 

environment clean1 iness,  prevent f i b e r s  and 1 i n t  from cove ra l l  s from 

en te r i ng  the  environf ient  o r  being in t roduced t o  the j o i n t  surface bv 

i nadve r t en t l y  g e t t i n g  a cove ra l l  sleeve i n  the j o i n t  grease. 

i . Improve general house c leaning and remove unnecessary equ; pment from 

the f l o o r  l e v e l .  

7.3.3.7 - OMI. Spec i f i c  work accompl ished dur ing  the t e s t  suppart pe r i od  

included ATA t e s t  observat ion,  crew t r a i n i n g ,  and OM1 review and comments t o  

the f o l l ow ing  documents: 

a. OM1 B5145, ATA Procedures 

b.  OM1 B5308, F i r s t  F l i g h t  Receive and Inspect  

c.  OM1 B5303, F i r s t  F l i g h t  SRM Assembly 

Spec i f i c  a t t e n t i o n  was g iven t o  the ATA procedures, work methods, and 

inspect ion.  Changes t o  the  OMIs and procedures o f  ATA were changed, where 

poss ib le ,  t o  f o l l o w  the  sequence and method o f  procedure: de f ined  i n  

TWA-1177 and supported by STW7-2831 (SRM acceptance c r i t e r i a ) .  The changes 

i n  the  OMIs were made t o  improve sequence f low and assembly. The sequences 

i n  TWA-1177 were f o l  1 owed f o r  ATA and then add i t i ona l  d e s c r i p t i o r ~ s  , sequence 

order  changes, and comments were added t o  OM1 B5303, f o r  f i r s t  ; l i g h t  motor 

segment stacking, based on what was learned and noted dur ing  ATA assembly. 

The ATA assembly O M I ,  84145, had been reviewed p r i o r  t o  the wet f i t  

assembly and a dev ia t i on  t o  the  OM1 was w r i t t e n  t o  arrange t he  OM1 i n  t he  

order  o f  steps c a l l e d  ,ut i n  TWR-1177. The order  o f  steps shown i n  TWR-1177 

are based on experience gained assembling t e s t  j o i n t s  and t e s t i n g  j o i n t  

assemblies a t  the Space Operations. The r e s u l t a n t  chronology o f  the  steps 

requested by i n s u l a t i o n  design f o r  f l i g h t  motor j o i n t  assembly i s  d e t a i l e d  

as fo l l ows :  
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--A1 1 j o i n t  p r o f i l e  measurements, f o r  the  j o i n t  be ing assembled, are t o  

be completed w i t h  the segment t o  be stacked s t i l l  i n  t he  t r a n s f e r  

a i s l e .  

- -Solvent c lean a l l  bare metal surfaces. 

- - Inspect  the  i n h i b i t o r s .  

--Forward i n h i b i t o r  s h a l l  be cleaned of a1 1 res idue contamination. 

- -Solvent c lean J-seal  contact  surfaces. 

--Abrade J-seal  bonding surfaces w i t h  180- t o  220-gr i  t. inc lude  asbestos 

sa fe t y  requi  rements. 

--Sol vent c lean bonding surfaces. Inspect  f o r  abrasion res idue and 

remove any contaminat ion found. 

--';isual l y  inspect  bonding surfaces f o r  cuts ,  gouges, and protuberances. 

--Mask tang and c l e v i s  bonding surfaces w i t h  aluminum conduct ive tape 

and ve los ta tB  per Change TWA-1177. Change the  r e l a t e d  abrasion 

f i g u r e  t o  show masking c loser  t o  the  capture feature.  Mask as c lose  

t o  capture fea tu re  as poss ib le  w i t hou t  causing undo p o s s i b i l i t y  o f  

contaminat ing the  metal grease appl i c a t i o n .  

--Regrease i f  j o i n t  assembly w i l l  be delayed. 

8 --Place Ve los ta t  over c l w i s  end o f  lower segment o f  the assembly and 

,ecure. 

--Move segment from t r a n s f e r  a i s l e  t o  p o s i t i o n  ovsr lower segment o i  

the assembly. 

e, --Remove Vel o s t a t  cover. 

--Clean a l l  tang and c l e v i s  base metal surfaces and pinholes.  

--Apply f 1 i g h t  coat o f  grease. 

- - Inspect  and i n s t a l  1 V - 2  f i l  l e r s .  

- - Inspec t  and i n s t a l l  a l l  0-r  ings. 



8 --Place Ve los ta t  over forward j o i n t  surfaces o f  lower segment. 

--Remove masking from tang J-seal  surfaces. 

--Solvent c lean  tang J-seal  surfaces. A i r  d r y  30 min 

Note: Refo ld  c lean ing c l o ths  r e g u l a r l y  t o  expose clean surfaces each 
2 t o  4 f t  o f  c leaning. 

- -V i sua l l y  inspect  tang J-seal  surface. 

- - U l t r a v i o l e t  1  i g h t  (b lack1 i g h t )  i nspec t  tang J-seal  surfaces f o r  

grease. 

--Apply adhesive t o  tang j o i n t .  (Remove reference t o  mechanical ly 

fastened from the foam brush desc r i p t i on . )  

- - Inspect  adhesive appl i c a t i o n .  (Remove re ference t o  bubbles from 

inspec t ion  c r i t e r i a .  ) 

B --Remove Velosta t  cover from lower segment. 

--Remove masking from c l e v i s  3- j o i n t  seal surface. 

--Solvent c lean c l e v i s  bonding surface. A i r  d ry  30 minutes 

Note: Refo ld  c!eaning c l o t h s  r e g u l a r l y  t o  expose c lean surfaces each 
2 t o  4 f t .  

- - V i s u a l l y  inspect  c l e v i s  j o i n t .  

- - U l t r a v i o l e t  l i g h t  ( b l a c k l i g h t )  inspect  c l e v i s  j o i n t  f o r  grease. 

--Apply adhesive t o  c l e v i s  J-seal .  (Remove reference t o  mechanical ly 

fastened from foam brush desc r i p t i on .  ) 

- - Inspect  c l e v i s  J-seal  adhesive appl i c a t i o n .  (Remove reference t o  

bubbles from inspec t ion  c r i t e r i a .  ) 

--Perform f i n a l  i nspec t ion  o f  tang and c l e v i s  J-seal  surfaces f o r  bugs 

and contaminat ion j u s t  p r i o r  t o  mate. 

7.3.3.8 Problem Reports (PR) and Ac t ion  Items. PRs against  ATA i n s u l a t i o n  

components have been reviewed and Ac t ion  Items taken t o  prevent  t he  same 

problems i n  the fu tu re .  These are documented i n  memo 1361: FY88:M352. 



Add i t iona l  PR were w r i t t e n  and d ispos i  t i oned  which documented de fec t i ve  

cond i t i ons  o f  the  i n s u l a t i o n  assembly and a re  noted below. 

PR PV6-087666 documents n icks,  gouges, and scratches i n  the  tang j o i n t  

NBR. One o f  the  gouges appeared t o  have been formsd by a p iece o f  tape l e f t  

on the  j o i n t  mold t o o l  du r ing  vu l can i za t i on  o f  the  i n s u l a t i o n  assembly. A 
s l  i g h t  t rapezo ida l  depression, approximately 0.2 by 0.25 in .  , was loca ted  

outboard i n  the  rad ius  area. A couple o f  smal ler  depressions were a l so  

noted i n  t he  tang j o i n t  surface. Some small scratches and gouges were noted 
which could  be seen bu t  no t  f e l t  by touch. The tang molded sur face had a 

few areas which were speckled dark brown. They appeared t o  be a d i sco lo r -  

a t i o n  i n  the  i n s u l a t i o n  b u t  d i d  no t  cause sur face d i s c o n t i n u i t i e s .  A spo t ty  

reddish contaminat ion was a lso  noted i n  several  l oca t ions  which appeared t o  

be i n  the  i n s u l a t i o n  and d i d  no t  a f f e c t  the  contour o f  the  j o i n t  surface. 

No repa i r s  were spec i f i ed  f o r  these cond i t i ons .  

PR PV6-087612 was requested by Ins91 a t i  on Design Engi neer i  ng t o  document 

h i gh  spots i n  the  c l e v i s  j o i n t  i n s u l a t i o n  surfaces caused by r e p a i r i n g  the 

areas where ins t rumentat ion was intended t o  be placed and l a t e r  discarded. 

The adhesive used t o  r e p a i r  the  ins t rumentat ion cu tou t  area had no t  been 

f i n i s h e d  t o  match the surrounding contour and was requested t o  be abraded 

t o  meet t h i s  cond i t i on .  The r e p a i r  was made q u i c k l y  and w i t h  exce l l en t  

r esu l t s .  The r e p a i r  a t  the 0-deg l o c a t i o n  had a s l i g h t  low spot along the 

edge caused by a l ack  o f  adhesive dur ing  the  o r i g i n a l  adhesive app l i ca t i on .  

However, the r e p a i r  was a t  l e a s t  as good as any ac~ompl  ished f o r  JES and 

TPTA t e s t  j o i n t  repa i rs .  Even so, t h i s  was the  l o c a t i o n  noted du r i ng  the  

d r y  f i t  inspec t ion  o f  the burp t rack .  The burp t r a c k  was noted on ly  i n  the  

rad ius and d i d  no t  a f f e c t  the  I D  t i p  contact .  Nothing anomalous was noted 

i n  t h i s  area dur ing  the wet mate inspect ion.  

PR PV6-087769 documented grease on the  tang j o i n t  i n s u l a t i o n  sur face 

f o l l ow ing  i n s t a l  l a t i o n  o f  the  capture fea tu re  O-r ing j u s t  before proceeding 

w i t h  the dry  mate. The gre;se was removed by so lven t  c lean ing and t he  uMI  
was changed t o  c lean the NBR j o i n t  surfaces and mask them o f f  f o r  a l l  f u t u r e  

grease app: i c a t i o n  and O-r ing i n s t a l  l a t i o n  procedures t o  preclude 

contamination. 



The ATA wet mate proceeded w i t h  t he  j o i n t  surfaces masked as descr ibed 

i n  a prev ious sec t ion  and worked very s a t i s f a c t o r i l y .  There were those per-  

sons, and s t i l l  are,  t h a t  opposed masking o f  the  j o i n t  surfaces f o r  O-r ing 

i n s t a l  l a t i o n  and then working over the j o i n t  t o  apply  t he  j o i n t  adhesive. 

I n s u l a t i o n  Design recommends t h a t  f l i g h t  segment j o i n t s  be prepared fo l low ing  

t he  same sequence o f  procedures as was accomplished f o r  ATA. I f  the  j o i n t  

adhesive i s  app l ied  before O-r ing i n s t a l l a t i o n ,  a g rea t  r i s k  i s  taken t h a t  

t he  j o i n t  and adhesive w i l l  become contaminated w i t h  grease. This i s  

espec ia l l y  t r u e  f o r  the tang j o i n t  surfaces. 

PR PV6-087593 documents gouges (depressions), f o r e i g n  mate r ia l s  , and 

contaminat ion OR the a f t  segment forward i n h i b i t o r .  The a c t i o n  items f o r  

t h i s  PR are i n  the at tached memo. I t  i s  f u r t h e r  recommended t h a t  c r i t e r i a  

be added t o  STW7-2831 t o  e s t a b l i s h  acceptance c r i t e r i a  f o r  these type o f  
8 cond i t i ons .  The b lack ozone p r o t e c t i v e  coa t ing  (Hypalon p a i n t )  was a1 so 

noted i n t e r m i t t e n t l y  on the  c l e v i s  j o i n t  sea l ing  sur face and was removed. 

Th is  cond i t i on  should a lso  be addressed i n  STW7-2813. 

7.3.4 Conclusions 

Conclusions made f o l l ow ing  the ATA t e s t  and data eva lua t ion  are presented 

i f i c a t i o n  and 

e t o  the 

below and are l i s t e d  by paragraph number r - ' ? ~ e n c i n g  the qua 

development ob jec t i ves  o f  Sect ion 7 . 3 . 2  as they are appl icab 

i n s u l a t i o n  components. 

a. Conclusions t o  q u a l i f i c a t i o n  ob jec t i ves :  

1. The ob jec t i ve  was met. V e r t i c a l  assembly and disass mbly o f  RSRM 
segments i s  poss ib le  and incorporate  p rov is ions  f o r  refurbishment 

and reuse. 

2. The ob jec t i ve  was met i n  t h a t  the  design considered tasks t o  be 

accomplished by personnel w i t h i n  the  ob jec t i ve  parameters, however, 

add i t i ona l  t r a i n i n g  may be warranted f o r  crew t r a i n i n g  on t r a n s f e r  

medium and adhesive app l i ca t i on .  Th is  i s  p a r t i c u l a r l y  t r u e  o f  

opgrators no t  on s h i f t  du r ing  the demonstrations on the ATA 

j o i n t s .  
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3. The ob jec t i ve  was met. System performance and s t r u c t u r a l  

was maintained dur ing  the assembly process as v e r i f i e d  by 

v i sua l  i nspec t ion  o f  the  d r y  f i t  and the  wet f i t .  

i n t e g r i t y  

pos t - t es t  

4. The o b j e c t i v e  was met. The f i e l d  j o i n t  i n s u l a t i o n  d i d  no t  shed 

f i b rous  o r  p a r t i c u l a t e  mat ter .  

5. The ob jec t i ve  was met. The f i e l d  j o i n t  i n s u l a t i o n  d i d  permi t  

p r e f  1  i g h t  demate and caused no i n s u l a t i o n  damage. 

b. Conclusions t o  development ob jec t i ves :  

1. Mate/demate loads were no t  determined f o r  the i n s u l a t i o n  components 

f o r  j o i n t  adhesive separat ion ioads, j o i n t  bondl ine s t ress ,  insu- 

l a t i o n  t o  1  iner /propel  l a n t  s t ress  o r  casewall bond1 i n e  s t ress  be- 

cause the ins t rumentat ion requ i red  f o r  t h i s  data was de le ted from 

the  ATA t e s t  by schedule cons t ra in ts .  L a b o r a t o ~ y  t e s t  data f o r  the  

j o i n t  adhesive t y p i c a l l y  shows 10 p l i  maximum bond s t reng th  which 

converts t o  roughly 3,750 I b  separat ion fo rce  f o r  the  e n t i r e  j o i n t .  

Data accumulated f o r  the  re fe ree  t e s t  se r ies  shows approximately 

7,000 l b  separat ion fo rce  f o r  the j o i n t  due t o  the adhesive. The 

ac tua l  separat ion fo rce  i s  h i g h l y  dependent on the separat ion r a t e  

and the  adhesive temperature, increas ing as the  temperature arop; 

o r  the  separat ion r a t e  increases. 
-. 

2 .  ihe ob jec t i ve  was se t .  Inspec t ion  o f  the  j o i n t  f o l l o w i n g  the  

d ry  f i t  and the wet f i t  showed contact  o f  the j c i n t  surface a t  the  

I D  contact  area t o  approximate engineer'ng ana lys is .  Contact was 

a lso  achieved a t  the j o i n t  rad ius  bu t  d i d  no t  appear t o  in f luence  

the  I D  t i p  contact .  P r o f i l e  measurements o f  the  j o i n t  p r i o r  t o  

assembly t e s t s  showed more contact  than d i d  the  assembly inspect ions 

and pos t - t es t  p r o f i l e  data was no t  ava i l ab l e  a t  t h i s  w r i t i n g .  

3 .  The ob jec t i ve  t o  prov ide crew t r a i n i n g  was p a r t i a l l y  met.. One crew 

watched the t r a n s f e r  spray app l i ca t i on  bu t  none o f  them p a r t i c i p a t e d  

i n  the  app l i ca t i on .  Only one crew was present and ass is ted  w i t h  the 

adhesive a p p l i c a t i o n  as we1 1. The remaining crews on o ther  s h i f t s  

TWR- 16829 F+ 



yave rece ived no t r a i n i n g  and have no t  eveL seen the opera t ion  

accomplished. Add i t i ona l  t r a i n i n g  would probably be warranted i n  

these areas. 

4. The ~ b j e c t i v e  was met i n  t h a t  the  procedures used, i nc l ud ing  those 

added t o  ATA t e s t  processing by dev ia t ion ,  were va l i da ted  by 

dccomplishing them a c c e p t ~ b l y  dur ing  t he  assembly operat ions,  

however, the re  i s  some r e b u t t a l  con i ;  ryu i  ng regard ing the  sequence 

o f  operat ions i n v o l v i n g  i n s t a l l a t i o n  o f  the  O-rings a ~ d  t he  adhesive 

app l i ca t ion .  

7.3.5 Recommendations 

Recommendations are made f o l l o w i n g  ATA t e s t  Of41 review, assmb l y  and d i s -  

assembly operat ions e i a ?  ua t ion ,  and pos t  t e s t  i nspec t ion  evai uat ion.  The 

recommendations are based on what was learned from ATA and from assembly 

procedures on t e s t  motors a t  Morton Thioko l  which arp documented i n  TWA-1177. 

Recommendatio~s are as f o l  i w s :  

a. P r i o r  t o  i n s t a l l i n g  FJAF t o o l i n g ,  perfarm an inspec t ion  f o r  contami- 

na t ion  and remove any found. 

b. Do no t  a l low tape t o  be app l ied  t o  the J - j o i n t  c r i t i c a l  bonding 

surfaces. Recommend j o i n t  surfaces be masked as def ined i n  TWA-1177. 

c. Inspect J - j o i n t  surfaces f o r  tape residues and other  contaminants and 

reflove them p r i o r  t o  per fo rmi rq  the j o i n t  abrasion operat ion.  

d. inspect  the J - j o i n t  surfaces f o r  protuberances, espec ia l l y  the  tang I D  
t i p  where the mold t o o l  sprue holes were located,  p r i o r  t o  performing 

the abrasion process. Note the areas where the protuberatices were 

observed and inspect  them again a f t e r  the abras icn process t o  assure 

they have beerl removed. 

e. Change the STW7-~221 acceptance c r i t e r i a  f o r  protuberance he igh t  from 

0.010 i n .  he igh t  maximum t o  "r:annot be f e l t  by touch" and prov ide an 

acceptance standard i f  necessary. 
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Add a cau t ion  t o  the  OM1 abrasion f i gu re  and i n s t r u c t i o n s  t o  ilse cau t ion  

no t  t o  round the I D  corners o f  the  J - j o i n t  du r ing  the j o i n t  abrasion 

process. 

Change the f i g u r e  i n  TWA-1177 t o  show masking mate r ia l s  as ~ l u m i t i m  

conductive tape and ~ e l o s t a t @  and no t  ye1 101,. v i n y l  tape and K r a f t  paper. 

Clean a l l  t r a n s f e r  powder o f f  the segment j o i u t  and i n h i b i t o r  surfaces 

f o l l ow ing  the  d ry  f i t  inspect ion.  

Fol lowing the  J- j o i n t  abrasion and c leaning processes, c a r e f u l l y  inspec t  

the surfaces f o r  minute abrasion products which could contaminate the 

adhesive and the bond1 ine.  

Document the STW5-3479 j o i n t  adhesive removal process and acceptance 

c r i t e r i a  should a  j o i n t  have t o  be dematel and re fu rb ished  p r i o r  t o  

motor operat ion.  

Establ i s h  a  uni form and accurate case i n;ulation unbond inspec t ion  and 

documentat io~ method. 

Remove a l l  grease from the c l e v i s  l e g  I D  sur face p r i o r  t o  performing 

the unbond inspec t ion  us ing the a i r  load t o o l  t o  prevent grease deluge 

o f  unbond surfaces. 

Assemble the f l i g h t  motor j, ;nts using the  same process sequencing as 

was accomplished f o r  ATA and inc luded i n  the OM1 by dev ia t ions.  

Add acceptance c r i t e r i a  t o  STY7-2831 f o r  ozone i n h i b i t o r  p a i n t  (Hypalon @ 

p a i n t )  i n  regard t o  con tam ina t i o~ ,  gouges, depressions, e tc .  

Make improvements t o  the  j o i n t  assembly enclosure ;s l i s t e d  i n  Sect ion 

7 . 3 . 3 . 6 .  

Change the note i n  the  O l l I  i n s t r uc t i ons  and the  f i g u r e  used f o r  j o i n t  
8 maskirg, from ". . . seccre Velosta t  v i t h  aluminum coocluctive tape 

over lapping on each end up t o  Points A and 0" t o  " .  . . secure ~ e l o s t a t '  

w i t h  aluminum conductive tape over lapping on each end e r tend ing  t o  

Points A and 0 . "  Dur ing ATA a c t i v i t i e s  the  note was misunderstoo.'  t o  
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mask anywhere up t o  Poin ts  A and D  bu t  i t  was intended t o  r equ i r e  

masking a i l  the  way t o  Po in t  A and 0. 

q. The acceptance c r i t e r i a  i n  STW7-2831 should be expanded t o  a l l ow  no 

ozone p r o t e c t i v e  p a i n t  from the  i n h i b i t o r  a p p l i c a t i o n  on the  3 - j o '  +. 

bonding surfaces. 

r. Inspect  J- j o i n t  surfaces w i t h  u l t r a v i o l e t  1  i g h t  (b lack1 i g h t )  p r i o r  t o  

j o i n t  adhesive appl i c a t i o n  and remove a1 1  i n d i c a t i o n s  o f  grease. 

7.4 PROPELLANT AND ADHESIVE STRUCTURES 

7 .4 .1  I n t r o d u c t i o n  

The p r i n c i p l e  area o f  i n v e s t i g a t i o n  f o r  propel  l a n t  and adhesive s t r u c t ~ r e s  

dur ing  the  ATA t e s t  was the  propel  l a n t / i n s ~ r l a t i o n  dimensions, and thi! J-seal  

i n s u l a t i o n  engagement when the  segments were v e r t i c a l l y  assembled. 

Dimensional changes induced by v e r t i c a l  slump i n d i c a t e  the  cilopel 1  an t  

modulus. P rope l lan t  sa fe t y  f ac to r s  a re  modulus dependevt. 

7.4.2 Object ives 

Development ob jec t i ves  appl i c a b l e  t o  propel  1  an t  and 

were: 

a. Determined n,ate/demate loads on t he  f i e l d  j o i n t  

b .  Gather data on propel  l a n t / i n s u l a t i o n  dimensions 

compari son. 

7.4.3 Resul ts and D l  sc! lssion 

Propel l a l i t  3 lump measure,.rents were taken be fo re  and 

adhesive s t ruc tu res  

i nsu la t i on .  

f o r  a n a l y t i c a l  

a f t e r  segment mating 

operal ions.  ( h e  t o  ,chcduie impact, postmate measurements were no t  taken 
on the  center  segment c l e v i s  end.) The dimensional data was converted t o  

a x i a l  de f l ec t i ons  from tt.e as-cast conf i gu ra t i cn .  Tables 7-19, 7-20 and 7-21 

show these d e f l ~ r + S ; ~ ~ ~ .  The tab les  r e p o r t  de f l ec t i o f i s  a t  every 30 deg and ~t 
f ou r  ;&dial l oca t ions .  
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Based on VAB hygro-thermograph records the premate PMBT was assumed t o  

be 71°F. The segments had remained mot ionless long enough f o r  the propel -  

l a n t  con f igu ra t ims  t o  be s tab le  when t he  premate slump measurements were 

taken. The center  segment was under a  4 -po in t  1  i f t  dur ing  tang end slump 

measurements. 

B a s i c a l l y  two p rope l l an t  p rope r t i es  determine the  p rope l l an t  g r a i n  

l e f  1  ect ions:  the  c o e f f i c i e n t  o f  thermal expansion (CTE) and modulus. 

F i n i t e  element ana lys is  was used t o  determine the  1  inear  r e l a t i onsh ips  be- 

tween these parameters and the  a x i a l  de f l ec t i ons .  Thiokol  Automated Stress 

System (TASS) was t he  f i n i t e  element program used. By cons ider ing the 

premate d e f l e c i i o n s  a t  bo th  center  segment ends, the CTE and modulus were 

determi ned. 

The ca l cc l a ted  CTE f o r  the  ATA segments was 5.9E-5 in. / in. /OF, which i s  

i n  the  range o f  previous l a b  t e s t i n g  (which i s  4.7E-5 t o  6.5E-5 i n . / i n . I 0 F ) .  

For modulus ca l cu l a t i ons  the CTE was assumed t o  be constant.  However, the  

modulus i s  knawn t o  be t ime and temperature dependent. The ca lcu la ted  ATA 

moduli are  shown below. 

Segment Pre o r  Postmate Modul us ( ps i  ) 

Center Pre 310 

Center Past 340 

A f t .  Pre 270 

A f t  Post 210 

The average o f  the  i o u r  moduli i s  280 p s i .  I t i s  no t  f u l l y  understood 

why the  a f t  center segment modulus increased w i t ?  t ime, wh i l e  the  a f t  segment 

modulus decreased. The de f l ec t i ons ,  however, i n d i c a t e  t h i s  i s  what occurred. 

A1 1 p rope l l a f i t  modulus est imates are based on a 71°F PMBT. I f  t h i s  

assumption i s  i n c o r r e c t  i t would cause e r ro r s  and could  exp la i n  the  above 

incons is tency i n  the  modulus p red i c t i ons .  A1 thouyh the ana lys is  assumes 

equi 1  i b r i  um cond i t i ons  , time-dependent behavior such as creep (deformat ion 

dur ing  a  constant load) o r  modulus r e l axa t i on ,  cou ld  be more s i g n i f i c a n t  
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than expected. Prope l lan t  m ~ d u l u s  i s  a l so  be l ieved  t o  vary w i t h i n  each 

segment, due t o  mix-to-mix va r i a t i on .  Th is  i s  another c o m p l i c ~ t i o n  f a c t o r  

i n  modulus p red i c t i ons .  

Comparable CDR analyses used a  130 p s i  propel lant .  modulus, which i s  
based on u n i a x i a l  l a b  data. Th is  modulus i s  about h a l f  what the  ATA t e s t  

data ind ica tes .  It i s  not  s u r p r i s i n g  t h a t  t h i s  un iax i a l  modulus i s  t oo  low 

t o  s imulate  loaded segment behavior, as pas t  experience has a lso  i nd i ca ted  

t h i s .  For example, previous ana lys is  has used 265 p s i  t o  charac te r i ze  

forward segment f i n  s l  ump (Reference TWR-13040, page. 141). 

The ATA center segment d e f l e c t i o n  ana lys is ,  which used the  130-psi 

moduius, p red ic ted  0.26 i n .  down a x i a l  d e f l e c t i o n  near the bore on the  tang 

end. The corresponding measured value on ATA, however, was 0.7 i n .  tip. 
C lev is  end p red ic ted  and ac tua l  values were c loser ,  being 1.8  and 1.4  i n .  

down, , Jspect ive ly .  (Reference TWR-17052, Table I11 f o r  ana lys is) .  The 

130 p s i  modulus ana lys is  a1 so p red i c t ed  t h a t  the  center  segment p rope l l an t  

s t ress  r e l i e f  f l a p  gap would c lose,  which a l so  disagreed w i t h  actua l  

measurements. 

C lea r l y ,  the CDR analyses us ing the 130 p s i  modulus are no t  c o r r e c t l y  

p r e d i c t i n g  the propel  1  an t  s t r u c t u r a l  behavior. Using a  h igher  propel  1  an t  

modulus, der ived from ATA, w i l l  cause a  reduc t ion  i n  stress-based sa fe t y  

f ac to r s .  Some sa fe t y  f ac to r s  f o r  worse-case storage cond i t i ons  would be 

below the 2.0 requirement. For f i v e  year ho r i zon ta l  storage and a t  32'F, 

the center  segment s t ress  re1 i e f  f l a p  bu lb  w o ~ l d  have a  1.4 sa fe ty  fac to t  

Tables 7-19, 7-20 and 7-21 a lso  show an asymmetric p a t t e r n  w i t h  maxin~i 

d e f l e c t i o n  near 90 deg and minimum d e f l e c t i o n  near 270 deg. This p a t t e r n  

probably ~ c c u r r e d  due t o  a  s l i g h t  pos t - cas t i ng -p i t  p rope l l an t  cure when the  

segments were s tored h o r i z o n t a l l y  w i t h  the 90-deg l o c a t i o n  up. The asymmetry 

d i d  no t  no t i ceab ly  a f f e c t  i n s u l a t i o n  con tac t  a t  the f i e l d  j o i n t .  

The est imated disassembly load a f t e r  wet mate was 20,000 l b .  This 

matches experience from the J o i n t  Assembly Demonstration (JAD-2) t e s t .  

JAD-2 a lso  showed t h a t  7,000 l b  i s  requ i red  t o  break the adhesive bond on 
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Table 7-19. ATA A f t  Segment, Clev is  End Cownward Slump Deflections 

Angle 
0 

2 
32 
6 2 
9 2 

122 
152 
182 
212 
242 
272 
302 
332 

Average 

Angle 
(deg ) 

2 
3 2 
6 2 
92 

122 
152 
182 
212 
242 
2 7 2 
302 
332 

Average 
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Premate 

Radial Location 

68.3 56.3 44.3 32.3 
( i n . )  u- ' i n  ) - ( i n . )  ( i n . )  

Pos trna t e  

Radial Location 

68.3 56.3 44.3 32.3 
( i n . )  ( i n . )  ( in . )  ( i n . )  
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Table 7-20. ATA Center Segment, Tang End Uphard Slump Def lec t ions 

Angle 
Ideg) 

2 
32 
6 2 
9 2 

122 
152 
182 
2 12 
242 
272 
302 
332 

Average 

Angle 
( deg ) 

2 
32 
6 2 
92 

122 
152 
182 
212 
242 
272 
302 
332 

Average 
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68.3 
j i n . 1  

0.096 
0.052 
0.099 
0.064 
0.103 
0.069 
0.050 
0.083 
0.085 
0.035 
0.015 
0.052 

0.067 

68.3 
( i n . )  

0.053 
0.021 
0.095 
0.008 
0.139 
0.037 
0.045 
0.085 
0.C87 
0.041 
0.012 
0.032 

0.055 

Premate 

Radial  Locat ion 

56.3 44.3 32.3 
( i n .  > jln.) ( i n . )  

0.399 0.557 0.679 
0.408 0. 624 0.774 
0.482 0.685 0.870 
0.396 0.644 0.941 
0.484 'I. 703 0.942 
0.313 I .  534 0.684 

Pos tma t e  

Radial  Locat ioa 

56.3 44.3 32.3 
&. - ) ( i n . )  ( i n . )  
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Table 7-21. ATA Center Segment, Clev is  End Downward Slump Deflect ions 
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Premate 

Radial  Location 

Angle 68 .3  56.3 44.3 32.3 
(deg) - ( i n . )  ( i n . )  ( i n . )  ( i n . )  

Average 0.227 0.736 1.150 1.420 
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the J-seal i n su la t i on .  Th is  7,000 l b  load i s  lower than the  adhesive ten- 

s i  l e  s t reng th  and i nd i ca tes  peel as the  dominant f a i l u r e  mode. A conserva- 

t i v e  analys is ,  assuming adhesive t e n s i l e  f a i l u r e ,  shuwed t h a t  demate induced 

i n s u l a t i o n  stresses were less  than 36 ps i .  This i s  w e l l  w i t h i n  the  390 p s i  

i n s u l a t i o n  t e n s i l e  s t ress  capabi 1  i ty .  Bur ied i n s u l a t i o n  s t ress  t ransducers 

i n  JES-3A conf i rm t h a t  these induced stresses are very low. 

7.4.4 Conclusions and Recommendations 

The ATA t e s t  prov ided use fu l  data  f o r  ana lys is  v e r i f i c a t i o n .  P rope l lan t  

g r a i n  slump d e f l e c t i o n  p red i c t i ons  were unsa t i s f ac to r y  and i nd i ca ted  a  

problem w i t h  the lab-der ived modulus. The ATA t e s t  showed t h a t  tha  propel -  

l a n t  modulus i s  roughly 280 p s i ,  which i s  more than double what has been 

assumed i n  CDR analyses. Redoing the analyses w i t h  the  h igher  modulus 

would reduce the  p r o p e l l a n t  g r a i n  s t r u c t u r a l  sa fe ty  fac to rs .  

Plans have been made t o  r e c t i f y  the  modulus discrepancy. A p rope l l an t  

l ong- te rn  e f f e c t i v e  modulus i s  being determined which can be used i n  f i n i t e  

elemerlt ana lys is  and then exper imenta l ly  be v e r i f i e d  w i t h  analogs. TWR-17720 

proposes t h i s  requ i red  l a b  t e s t i n g ,  i n c l ud ing  use o f  analogs c a l  l e d  s t r u c t u r a l  

t e s t  veh ic les  (STVs). 

Mate and demate operat ions were success fu l l y  completed w i thou t  s t ruc -  

t u r a l  damage t o  the f i e l d  j o i n t  i n su la t i on .  I n s u l a t i o n  s t r u c t u r a l  ana lys is  

v e r i f i e s  t h a t  a  2 minimum sa fe ty  f a c t o r  w i l l  be maintained dur ing  segment 

assembly and disassembly operat ions.  

I n  order  t o  broaden the  data base and f u r t h e r  r e f i n e  the  ana lys is  

model, i t  i s  recommended t h a t  the  slump measuring t o o l  be used t o  c o l l e c t  

more data from loaded segments. 
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