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FOREWORD 

This report documents tests performed on the 

Space Shuttle Solid Rocket Booster (SRB) aft attach 
ring fishtail seal. The work was performed under 

Contract NAS8-32982, "Solid Rocket Booster Thermal 

Protection System Material Development . I 1  The NASA 

Contracting Officer's Representative for this work 

is Mr. Bill Baker, EP44. 
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INTRODUCTION 

The SRB a t t a c h  r i n g  is thermally protected with layered phenolic c l o t h  

f a i r i n g s  t h a t  are fastened t o  t h e  ring. 

motor case i s  closed off with a rubber seal of a " f i s h t a i l "  cross-sect ional  

shape bonded t o  the phenolic. On both the  STS-1 and STS-2 f l i g h t s  t h i s  gap 

wa6 discovered t o  vary anywhere from an intended .gap of 0.375 in .  t o  

an a c t u a l  measured gap of 0.60 in.  due t o  tolerances.  

t h a t  t h e  rubber seal would not  be a b l e  t o  perform its funct ion of keeping the  

hot  flow from i n s i d e  t h e - r i n g  which houses important components such as elec- 

t r ical  cables.  Tests were conducted with and without a 0.25 in. t h i ck  cork 

shim placed under the  seal with a 0.60 in .  gap under the  phenolic TPS t o  deter-  

mine and compare the performance of t h e  seal i n  the  two d i f f e r e n t  configurations.  

This was a l s o  done with and without t he  seal bonded t o  t h e  phenolic f a i r i n g s  

a t  t h e  f r o n t  of t he  seal groove i n  addi t ion t o  the  usual bonding a t  the  back 

and bottom of t h e  groove. 

The gap between the f a i r i n g s  and the  

This r a i sed  concern 

To a l l e v i a t e  t he  d i f f i c u l t  and c o s t l y  procedure of i n s t a l l i n g  the cork shim 

under the  seal, e spec ia l ly  a f t o r  phenolic TPS mounting on t h e  a t t a c h  r ing ,  

"large" f i s h t a i l  seals of i d e n t i c a l  Edler gray s i l i c o n e  material and two d i f f e r -  

en t  hardnesses were tes ted.  A similar matrix of tests was conducted with t h i s  

new l a rge  f i s h t a i l  sea1,and seals with both type hardnesses performed w e l l  

regardless  of whether o r  not t he  seal w a s  bonded t o  the phenolic a t  the f r o n t  

of the seal groove. Similar r e s u l t s  had been obtained with the o r i g i n a l  small 
f i s h t a i l  seal which performed adequately with the  0.25 in .  cork shim under i t .  
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TECHNICAL DISCUSSION 

The evaluat ion of t h e  f i s h t a i l  seal was f i r s t  s t a r t e d  on the  f i x t u r e  used 

f o r  t he  development t e s t i n g  of t he  phenolic TPS i n  t h e  NASA-MSFC Hot Gas Fac- 

i l i t y .  

flow (see Figs. 1 through 6).  The seal, when t e s t ed  i n  t h i s  o r i en ta t ion ,  w a s  

seen t o  be  exposed t o  a very high shear  environment causing it t o  t h i n  out  

and eventual ly  break away from the  TPS as seen i n  Figs. 4 and 6. 
atid 2 a r e  t h e  p r e t e s t  and post- tes t  photographs of an E60C Viton fluoronated 

seal material which w a s  t he  only o ther  seal material tes ted .  This material 

performed w e l l ,  but  w a s  no t  pursued f u r t h e r  because of poss ib le  contamination 

of the motor case sur face  due t o  the  material melting and spreading i ts  residue. 

To reduce the shear  on the  seal, the  model w a s  turned a t  90 

but t h i s  l ed  t o  very high heat ing on the  top of the  model causing the  model t o  

f a i l  (see Figs. 7 and 8). 

concept was later used successfu l ly  i n  a series of runs t o  evaluate  the  f i s h t a i l  

seal. 

The f i x t u r e  w a s  mounted on the  test panel a t  a 41-deg angle  t o  the  

Figures 1 

g t o  the  flow, 

This led  t o  reducing the  height  of t he  model which 

A thin-skin c a l i b r a t i o n  model of t h e  reduced height  a t t a c h  r i n g  f a i r i n g  with 

both the  small seal and the  l a r g e  seal w a s  made up on a new f i x t u r e  designed 

t o  test the  seals. The two c a l  models are shown i n  Figs. 9 and 10. Since a 

low heat ing rate was desired on t h e  models, they were f i r s t  t e s t ed  under lower 

than usual enthalpy condi t ions i n  t h e  Hot Gas F a c i l i t y  (HGF run numbers 904 

through 907). However, the  recovery temperature obtained was much lower ( l e s s  

than 1400 F) than the desired maximum t h a t  occurs during peak heat ing i n  f l i g h t .  

Therefore t h e  models were reca l ibra ted  a t  t h e  usual  higher enthalpy condi t ions 

(recovery temperature = 1680 F) f o r  the  hea t ing  r a t e s  (HGF run numbers 948 

through 951). 

a f t  f ace  of the  a t t a c h  r ing  were based on measurements t o  the  f l a t  v e r t i c a l  sur- 

face  and not  measurements made a t  t he  seal l e v e l .  It was therefore  decided t o  

The heat ing rates and hea t  loads predicted f o r  t he  forward or  

2 
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c a l i b r a t e  a clean f l a t  v e r t i c a l  sur face  of t he  model without t he  seals as 

seen i n  the  model of Fig. 11 (HGF run numbers 946 and 947). It was t h i s  cali- 

b ra t ion  t h a t  provided the  average heat ing rate a t  the  seal l e v e l  t h a t  was 

used t o  determine t h e  test duration. 

The maximum t o t a l  hea t  load experienced by the  f i s h t a i l  seal i n  f l i g h t  
2 = 2017 Btu / f t  (as p e r  Mr.  F isher ,  EP44). Allowing f o r  a 25% ove r t e s t ,  t he  

maximum hea t  load on the  seal during test wov'ld be  2521 Btu / f t  (2017 x 1.25 

Btu / f t  ). The average hea t ing  rate from the  c a l i b r a t i o n  runs of t he  forward 

f ace  of a t t a c h  r ing  cal  model was 24 Btu / f t  -sec giving a test  durat ion re- 

quired of 105 sec. 

sec,  two tests 55 sec each were run t o  obta in  khe f u l l - h e a t  load on each model. 

2 

2 

2 

Since t h e  maximum run t i m e  i n  t he  HGF is  l imi ted  t o  60 

The objec t ive  of t he  tests was t o  determine i f  the  small f i s h t a i l  seal 

would perform its funct ion when t h e  gap under the  phenolic w a s  increased t o  

0.60 in.  and i f  not ,  whether t he  "fix" of placing a 0.25 in.  cork shim under 

the seal would be adequate. Another purpose w a s  t o  determine the  e f f e c t  of 

bonding the  seal t o  the  phenolic a t  the  f r o n t  of t he  seal groove f o r  i t  was 

believed that the  bond a t  t h e  f r o n t  could lead  t o  seal f a i l u r e  when phenolic 

p l i e s  charred and delaminated as they did during phenolic TPS t e s t ing .  The 

objec t ives  of these series of tests w a s  also t o  evaluate  an a l t e r n a t e  l a r g e  

f i s h t a i l  seal t o  accommodate f o r  t h e  increased phenolic gap of 0.60 in.  

The TPS test f i x t u r e  shown i n  Fig. 1 2  is  constructed so t h a t  there  i s  an 

enclosed cavi ty  provided behind t h e  phenolic f a i r ing .  

t he  back and becomes evacuated t o  a pressure of about3.0 p s i d u r i n g  test 

providing a crush pressure AP of about 6.0 p s i  on the phenolic and the  

seal. The cavi ty  pressure was monitored during each test  t o  see i f  i t  rose,  

ind ica t ing  seal f a i lu re .  However, t h i s  check could not  be va l ida ted  f o r  the 

e n t i r e  test durat ion because a f t e r  approximately 50 sec the phenolic top sur- 

face  would be l o s t  opening up the  cavi ty  t o  the  main flow and r a i s i n g  i t s  pressure.  

This type event was typ ica l  of a l l  tests performed with the  exception of th ree  

where the  top edge of t he  phenolic was protected with a th in  steel sh ie ld .  A l l  

t he  d i f f e r e n t  configurat ions of the  seal tests were repeated f o r  r epea tab i l i t y  

checks and conclusions drawn mainly form q t a l i t a t i v e  r e s u l t s  of the tests, 

This cavi ty  is vented a t  
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The material of t he  seal is a s i l i c o n e  RTV (ZZ-R-765) which consisted of 

two d i f f e r e n t  hardnesses o r  rubber. 

grade 50, whereas the  l a r g e  seal w a s  made with this hardness and t y p e  Class 2B/ 

grade 40. 
the  rubber. 

as a rubber extrusion. 

The small seal was a harder type Class 3/ 

The grade nunber i n d i c a t e s  the durometer reading of t he  hardness of 

The seal is gray i n  co lo r  and is made by Edler Indus t r i e s ,  Inc., 

The series of tests t o  evaluate  the  performance of t h e  seals was s t a r t e d  

with the small f i s h t a i l  seal bonded t o  t h e  phenolic i n  the  standard usual way, 

i.e., a t  t h e  back and bottom of t h e  seal groove. 

was 0.60 i n ,  and a 0.25 in.  t h i ck  shim of cork w a s  placed under the seal t o  pro- 

v ide  the designed compression (see Fig. 12). This configurat ion proved adequate 

as seen by the  perfonnance of t h e  seal which has eroded f a i r l y  uniformly i n  

Fig. 13. Figs. 14  and 15 are for t h e  repeat  test of t h i s  configurat ion and 

he re  t h e  seal is seen t o  be a f f ec t ed  a l i t t l e  more. A cav i ty  pressure pickup 

w a s  i n s t a l l e d  beginning t h i s  test and the  pressure held i n  the  f i r s t  55 sec test 

ind ica t ing  t h a t  t he  seal performed w e l l  a t  least  f o r  half  of t h e  required heat  

load. 

The gap l e f t  under t h e  phenolic 

Figures 16 and 1 7  represent  an i d e n t i c a l  test setup except f o r  t h e  cork 

shim which is l e f t  out t o  see i f  the seal would perform o r  not. 

t h a t  t he  seal was very weak and could not s t a y  f i r m l y  on the  bottom surface,  

allowing flow t o  ge t  under i t  till it  f i n a l l y  broke i n  the  middle of the second 

55 sec test. This configurat ion without t he  cork shim is not adequate as indi-  

cated by the  broken seal of the repeat test a l s o ,  shown i n  Figs. 18 and 19. 

Movies ind'rtated 

Figures 20 and 21 are f o r  t he  seal tes t  of t h e  o r i g i n a l  design configurat ion 

with 0 375 in .  gap under phenolic. As per design requirements, t he  seal performed 

w e l l .  
type configuration was no t  repeated. 

i h e  cavi ty  pressure held u n t i l  about 45 sec i n t o  the  f i r s t  test, This 

The harder (Class3/grade 50) s i l i c o n e  material "large" f i s h t a i l  seal was 

t e s t ed  next. The l a rge  f i s h t a i l  seal was made so t h a t  it could f i t  f irmly under 

the  maximum gap of 0.60 in .  under the  phenolic TPS as shown i n  Fig. 22. About 
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50% of the  f r o n t  half  of t he  seal was l o s t  during the second exposure t o  the 

flow (Fig. 23). 

problems. 

The repeat  run of Figs. 24 and 25 w a s  t o  throw more l i g h t  on t h i s  problem. 

During the  repeat test, t h e  seal performed very w e l l  with t h e  cav l ty  pressure 

holding throughout t he  f i r s t  run of 55 sec. 

The f i r s t  exposure had l a s t e d  only 29.62 sec  due t o  f a c i l i t y  

It is  not  known why t h e  l a r g e  chunk of seal was l o s t  on t h i s  model. 

The other  hardness type (Class 2B/grade 40), which is  less hard, of sili- 

cone rubber l a rge  seal w a s  tes ted.  To prevent the phenolic TPS from burning 

through a t  the  top of t h e  model, a p ro tec t ive  steel  s t r i p  w a s  i n s t a l l e d  over 

the phenolic upper edge as seen i n  Fig. 26. 

TPS s t a y  together (Fig. 27) and hence t h e  cav i ty  pressure held up throughout 

both the  runs ind ica t ing  a p e r f e c t  function of t he  seal. 

Figs. 28 and 29 performed iden t i ca l ly .  

This p ro tec t ion  helped t h e  phenolic 

The repeat run of 

The test setup f o r  t he  next model (Fig. 30) is similar t o  the  previous 

one except t h a t  t he  seal is bonded t o  the  phenolic a t  the f r o n t  of the  seal 

groove a l so .  The seal is of t h e  harder (Class 3/grade 50) of t he  two types 

under evaluation. 

cav i ty  pressure (see Fig. 31). For t h e  repeat test, t h e  steel  protect ion s t r i p  

l i n i n g  the  top edge of the phenolic TPS was omitted (Fig. 32) because i t  w a s  

necessary t o  observe what would happen t o  t h e  seal when t h e  phenolic, which is  

bonded t o  the  seal a t  f r o n t ,  charred and delaminated. The performance w a s  not  

any d i f f e r e n t  from before as seen i n  Fig. 33 except cav i ty  pressure change was 

indicated as expected due t o  phenolic upper edge burn-through. 

The seal performed very w e l l  once again with no gain of 

Figures 34 through 37 were two runs similar t o  those of Figs. 30 anc 31 

except t he  seal material was of t h e  s o f t e r  type (Class 2B/grade 40). 

Last ly ,  a run was made with the small f i s h t a i l  seal which had not been 

t e s t ed  earlier with the  s e a l  bonded t o  phenolic a t  the  f r o n t  of t he  seal 

groove. 

under the seal. Because of the lack of the cork shim, the  seal did not survive 

(see Fig. 38) as i n  the similar tests of Figs. 16 through 19. 

The gap under the phen-lic w a s  0.60 in .  and the re  was no cork shim 
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RESULTS AND CONCLUSIONS 

The small f i s h t a i l  seal performs adequately with a 0.25 in. cork shim 

under i t  when the phenolic gap was 0.60 in .  bu t  cannot withstand the  aerody- 

namic forces  without t h e  cork shim s ince  i t  has t o  have s u f f i c i e n t  compression 

t o  s t ay  firmly on t h e  bottom surface.  Enough compression of the  seal is pro- 

vided when the gap under the  phenolic is 0.375 in.  and therefore  t h i s  config- 

urat ion is  adequate without t he  cork shim. 

i n  f r o n t  of t he  seal groove does not change i t s  performance. 

Bonding the seal t o  t h e  phenolic 

Although the  l a r g e  seal of Figure 23 f a i l e d  during its second exposure, 

it wds decided t h a t  t h i s  seal w a s  acceptable because i t  performed w e l l  during 

the repeat test. 

Both material hardness of t he  l a rge  f i s h t a i l  seal, made t o  accommodate 

the bigger gaps under the  phenolic, performed w e l l  i r r r e s p e c t i v e  of whether 

or  not the seal was bonded t o  t h e  phenolic a t  t h e  f r o n t  of the seal groove. 
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