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DEVELOPMENT! OF CWOGENIC 

POSITIVE EXPULSION BLADDERS 

D .  H. Pope and J. E ,  Penner 

ABSTRACT 

This repor t  descr ibes  polymeric materials, composites, and var ious 
f ab r i ca t ion  techniques which w e r e  q u a l i f i c a t i o n  t e s t e d  i n  Task I 
for evalua t ion  of f l e x i b i l i t y  and permeabi l i ty  c h a r a c t e r i s t i c s  i n  
cryogenic l i q u i d s .  Ten 11.5 inch sphe r i ca l  bladders  which were 
fabr ica ted  of t h e  f i v e  bes t  qua l i f i ed  ma te r i a l  composites w e r e  
comprehensively t e s t e d  i n  Task I1 and e igh t  bladders  a t t a ined  t h e  
test  goa l  of  25 complete l i qu id  hydrogen expulsion cycles, nQ$ 
however, without f a i l u r e  of material i n  some bladder  plys ,  .Seve ra l  
ma te r i a l  composites utiPizing’Mylp2 and Kapton demonstrated,excel lent  
expulsion and permeabi l i ty  performance, Extensive d a t a  on l i qu id  
hydrogen expulsion w a s  obtained and a much g r e a t e r  knowledge w a s  
acquired of t h e  c h a r a c t e r i s t i c s  and behavior of bladders composed 
of t e n  or more ind iv idua l  p lys .  

X 
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DEVELOPMENT OF CRYOGENIC 

POSITIVE EXPULSION BLADDERS 

by D. H.  Pope and J .  E. Penner 

Beech Ai rc ra f t  Corporation, Boulder Divis ion 

1.0 SUMMARY 

The ob jec t ive  of t h i s  program was t h e  preliminary development of a poly- 
meric bladder capable of t h e  e f f i c i e n t  and r e l i a b l e  expulsion of l i q u i d  
hydrogen under zero g rav i ty  condi t ions,  The goal of t h i s  program was 
t h e  development of a bladder capable of 25 f a i l u r e - f r e e  cycles  of l i q u i d  
hydrogen expulsion. 

This  work was performed i n  two progressive phases, each involving t h e  
design and f a b r i c a t i o n  of test a r t i c l e s  and t h e  t e s t i n g  of t h e  a r t i c l e s  
i n  l i q u i d  hydrogen. Task I provided f o r  t h e  comprehensive eva lua t ion  and 
q u a l i f i c a t i o n  t e s t i n g  of promising mater ia l s ,  mater ia l  composites, and 
f a b r i c a t i o n  techniques.  Task IT cons is ted  of t h e  design and f a b r i c a t i o n  
of experimental bladders  u t i l i z i n g  the  bes t  q u a l i f i e d  mater ia l  composites, 
followed by t h e  expulsion t e s t i n g  with l i q u i d  hydrogen. 

The ob jec t ive  of Task I was t o  determine t h e  bes t  q u a l i f i e d  mater ia l  com- 
pos i t e  combinations (each with adequate e x i s t i n g  f a b r i c a t i o n  technology) 
f o r  use i n  t h e  Task I1 bladders .  The various mater ia l s  to be considered 
were l imi ted  t o  four  polymeric ma te r i a l s  because of considerable  previous 
cryogenic mater ia l  t e s t i n g  and eva lua t ion .  However, Task I was t o  determine 
t h e  optimum u t i l i z a t i o n  of these  bas ic  ma te r i a l s  so as t o  produce t h e  
necessary cryogenic f l e x i b i l i t y  and permeabili ty c h a r a c t e r i s t i c s  required 
f o r  bladders .  This  required comprehensive evaluat ion of such f a c t o r s  a s  
mater ia l  combinations, number of p lys ,  th ickness  of t h e  var ious ma te r i a l s ,  
methods of f a b r i c a t i n g  shee t s  of f i l m  i n t o  spher ica l  bladders ,  t y p e s  of 
seams, adhesive and o the r  forms of j o in ing  t h e  mater ia l s ,  a l l  wi th in  the  
c r i t e r i a  f o r  ma te r i a l s  f o r  l i q u i d  hydrogen (LH ) expulsion. 

The foregoing r e su l t ed  i n  t h e  f a b r i c a t i o n  of 557 mater ia l  samples of 95 
d i f f e r e n t  mater ia l  composites. These samples w e r e  of both f l a t  and 
c y l i n d r i c a l  conf igura t ion  and were f l e x  t e s t e d  i n  LH by means of t h e  
Beech Twist-Flex apparatus .  Each f l a t  sample was t e s t e d  f o r  permeabili ty 
p r i o r  t o  and a f t e r  f l e x  t e s t i n g .  The arrangement of t h e  successive 

2 

2 
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1.0 SUMMARY (Continued) 

samples w e r e  determined by t h e  r e s u l t s  of t h e  t e s t i n g  of previous samples. 
Among t h e  samples t e s t e d  were rec tangular  samples cu t  from thermo-formed 
hemispheres of Myla r  and samples composed of Mylar having u l t r a s o n i c  welded 
seams e 

Task I provided a wealth of test da t a  def in ing  t h e  cryogenic f l e x i b i l i t y  
and permeabi l i ty  performance of numerous mater ia l  composites. Reduction 
of t h e  da t a  permitted t h e  s e l e c t i o n  of t h e  bes t  q u a l i f i e d  mater ia l  
composites comprised of t h e  following ma te r i a l s  o r  combinations: 

Mylar 
Nomex/Mylar 
Dacron/Mylar 
Momex/Kapto n 
Polyethylene (Merf ab) */Mylar 

The bas ic  ob jec t ive  of Task I1 was t o  determine t h e  bladder ma te r i a l s  capable 
of 25 complete l i q u i d  hydrogen (LH ) expulsion cyc les  with minimal permeabi l i ty .  
The r e l a t i o n s h i p  of bladder permeagili ty t o  t h e  progressive number of LH 
expulsion cyc les  was another major ob jec t ive .  
d e t a i l e d  design culminated i n  t h e  f a b r i c a t i o n  of t e n  bladders  (two each of 
f i v e  mater ia l  combinations) under subcontract .  

A bladder design study an8 

An e x i s t i n g  cryogenic f l e x i b i l i t y  t e s t  apparatus was upgraded t o  provide f o r  
t h e  tw i s t - f l ex  parameters as described i n  Paragraph 3 . 3 . 3 .  A spec ia l  f i x t u r e  
f o r  determining bladder permeabili ty o r  leakage ( a t  ambient temperature) was 
provided and provis ions w e r e  made t o  ob ta in  a q u a l i t a t i v e  ind ica t ion  of bladder 
leakage between expulsion cyc les .  Each bladder was t e s t e d  t o  a maximum of 
25 LH cycles .  Permeabili ty t e s t s  ( a t  ambient temperature) were made a t  
regular  i n t e r v a l s  and t h e  bladders  received a comprehensive pos t - tes t  
evaluat ion.  Eight of t h e  bladders  successfu l ly  completed t h e  25 expulsion 
cyc les .  The bes t  o v e r a l l  performance was by one of t h e  10-p ly  Mylar bladders  
and by t h e  10-p ly  Kapton bladders .  The lowest permeabili ty ( leak  r a t e )  a f t e r  
t h e  25 cyc le s  was 18 c c  per  minute f o r  one of t h e  polyethylene (Merfab)/Mylar 
bladders .  

2 

Experience was acquired concerning t h e  c h a r a c t e r i s t i c s  and behavior of 
bladders  composed of t e n  o r  more individual-act ing p l y s .  The phenomena of 
i n t e r p l y  i n f l a t i o n  was a l s o  inves t iga ted .  

*Merfab - Sea Space Systems, Inc. 
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1.0 SUMMARY (continued) 

Although t h e  program goal of twenty-five f a i l u r e - f r e e  l i q u i d  hydrogen 
expulsion cyc les  w a s  not achieved with t h e  bladder combinat ions  t e s t e d  
due t o  permeabi l i ty  and in te r -p ly  i n f l a t i o n  problems, a close approxima- 
t i o n  t o  t h i s  goal w a s  demonstrated for one bladder mater ia l  combination. 
Additional bladder  t e s t i n g  would permit consol ida t  i on  of t h e  technological  
advances under t h i s  program. A d i f f e r e n t  mode of expulsion; i . e .  from 
inward t o  outward expulsion, would e l imina te  most of t h e  opera t iona l  
problems which occurred during t h i s  program. 

k 

The necess i ty  of removing the bladder from the  t e s t i n g  dewar t o  measure 
permeabili ty tends t o  r e s u l t  i n  some damage t o  t h e  bladder upon r e - i n s t a l l a t i o n .  
It  would be d e s i r a b l e  t o  provide a method f o r  f u t u r e  bladder t e s t i n g  which 
could be done without removal of t h e  bladder from t h e  t e s t i n g  dewar. 
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2.0 INS'RODUCTION 

The need has ex i s t ed  s i n c e  t h e  advent of  space f l igh t  f o r  an e f f i c i e n t  
and r e l i a b l e  sys t em f o r  t h e  p o s i t i v e  expuls ion of l i qu id  hydrogen and 
o t h e r  cryogenic p rope l l an t s  i n  a zero g rav i ty  condi t ion.  

The lack of a s u i t a b l e  bladder f o r  such a sys tem has required t h e  use  
of high pressure  s u p e r - c r i t i c a l  systems t o  provide single-phase 
cryogenic f l u i d  i n  zero g rav i ty  app l i ca t ions ,  A weight penal ty  r e s u l t s  
from t h e  increased tank wa l l  thickness  necessary t o  withstand the  high 
propel lan t  pressures .  This  f a c t o r  becomes even more s i g n i f i c a n t  a s  
propel lan t  tank s i z e s  increase .  This weight penal ty  provides a poss ib le  
reason why cryogenic p rope l l an t s  are not  more widely used i n  space 
vehic le  pos i t i ve  expulsion app l i ca t ions '  desp i t e  s i g n i f i c a n t  advantages 
such a s  t h e  Mgh s p e c i f i c  impulse of l i q u i d  hydrogen. 

A f l e x i b l e  polymeric bladder capable of repeated expulsion cycles of f e r s  
advantages over  the  "one-shot'' metallic bladder or diaphragm and over 
metal  bellows. The weight sayings and expulsion e f f i c i ency  i n  add i t ion  
t o  t h e  t i m e  and e f f o r t  saved i n  bladder  replacement a f t e r  each c y c l e ,  is 
of considerable  value i n  t h e  use of a l i g h t  multi-cycling polymeric bladder.  

Feas ib le  space app l i ca t ions  f o r  cryogenic p o s i t i v e  expulsion systems 
include a t t i t u d e  c o n t r o l  environmental con t ro l  restart c a p a b i l i t i e s  
(or l i qu id  p rope l l an t  pos i t ion ing)  and f u e l  cells e The p o s i t i v e  expulsion 
s y s t e m  probably has its g r e a t e s t  p o t e n t i a l  i n  o r b i t a l  r e fue l ing  where it 
presents  s i g n i f i c a n t  advantages f o r  t h e  t r a n s f e r  of l a rge  q u a n t i t i e s  'of 
cryogens. 
low pressure  l i q u i d  t o  another  low pressure  sys t em wi th  almost 100% 
e f f i c i ency .  I n  t h e  s u p e r - c r i t i c a l  concept,  however, both t h e  f e r r y  tank 
s y s t e m  and t h e  systemcs) being refueled must be a t  s u p e r - c r i t i c a l  p ressure  
w i t h  r e s u l t a n t  weight p e n a l t i e s  I n  add i t ion ,  a s u p e r - c r i t i c a l  f l u i d  
t r a n s f e r  leaves a h igh  percentage of r e s idua l  f l u i d  i n  the  t r a n s f e r r i n g  
tank. 

The development of a s u i t a b l e  bladder f o r  t h e  s to rage  and expulsion of 
l i qu id  hydrogen and o t h e r  cryogenic p rope l l an t s  has been the goal  of 
s eve ra l  NASA and A i r  Force programs. The bas ic  problem is f inding  
a material (or combinations of ma te r i a l s )  wi th  a l l  of  t h e  characteristics 
necessary f o r  t h e  e f f i c i e n t  and r e l i a b l e  expulsion of  l i q u i d  hydrogen. 
The major c r i t e r i a  
f l ex ing  while a t  t h e  temperature of l i q u i d  hydrogen (-423'F). The 
material must a l s o  e x h i b i t  low permeabi l i ty  and must be supported by 
adequate f a b r i c a t i o n  technology. 

The s u b c r i t i c a l  sys t em provides the c a p a b i l i t y  of t r a n s f e r r i n g  

f o r  such a material is t h e  a b i l i t y  t o  surv ive  repeated 
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2.0 INTRODUCTION (Continued) 

Beech A i r c r a f t  Corporation, Boulder Divis ion,  has pa r t i c ipa t ed  
i n  a number of programs f o r  t h e  development of polymeric bladders f o r  
t h e  p o s i t i v e  expulsion of l i qu id  hydrogen and l i q u i d  ni t rogen.  Ear ly  
bladder development w a s  accomplished under A i r  Force Contract  AP33 (616) - 
6930 ( r e f .  1 and 2): This, was followed by more advanced work under NASA 
Contract NAS9-513 ( r e f .  3 and 4). These programs r e su l t ed  i n  s i g n i f i c a n t  
advances i n  cryogenic bladder technology and served as  ground work f o r  
the  program which i s  the  sub jec t  of t h i s  r epor t .  

The lack  of da t a  and knowledge of t h e  p rope r t i e s ,  c h a r a c t e r i s t i c s  and 
behavior of polymeric ma te r i a l s  a t  cryogenic temperatures required 
ex tens ive  preliminary t e s t i n g  by Beech i n  earlier programs. L i t e r a l l y ,  
hundreds of materials w e r e  screened,  w i t h  the b e t t e r  materials being 
q u a l i f i e d  i n  l i q u i d  n i t rogen  and f i n a l l y  t e s t e d  i n  l i q u i d  hydrogen. 

This t e s t i n g  experience led t o  a bas ic  design f o r  t he  development of 
cryogenic bladders e This  plan provided for extensive t e s t i n g  upon 
s imples  f l a t  samples instead of c o s t l y  bladders  Beech, t he re fo re  , 
developed She Twist-Flex apparatus  f o r  f l e x i b i l i t y  t e s t i n g ,  i n  the 
appropr ia te  cryogen, of f l a t  samples of t h e  polymeric ma te r i a l s .  This  
test  method c lose ly  s imulates  t h e  f l ex ing  e fo ld ing  and wrinkling 
experienced by the  bladder during a c t u a l  opera t ion  and expulsion. 
Mater ia l s  which demonstrate t h e  most promising q u a l i t i e s  a r e  eventual ly  
f ab r i ca t ed  i n t o  bladders f o r  l i qu id  hydrogen expulsion t e s t i n g ,  

Forty bladders were expuls ion tested ( the  majori ty  with l i qu id  hydrogen) 
during t h e  e a r l i e r  programs a t  Beech. These bladders w e r e  of a g r e a t  
v a r i e t y  of m a t e r i a l s ,  including Mylar, Teflon,  H-film, Nomex and 
var ious  Dacron s u b s t r a t e s  I n i t i a l  t e s t i n g  revealed t h a t  a s i n g l e  f i lm  
thickness  could not meet a l l  of the cr i ter ia  f o r  cryogenic bladder  
materials Films t h i n  enough t o  provide s a t i s f a c t o r y  cryogenic f l e x  
performance could not m e e t  permeabi l i ty  and s t r eng th  requirements.  
Therefore ,  many of t hese  e a r l y  bladder ma te r i a l s  were laminates ,  
genera l ly  of a f l e x i b l e  b a r r i e r  f i l m  and a high t e n s i l e  s t r e n g t h  sub- 
s t ra te  material such as t h e  Mylar/Nomex combination. The f a i l u r e  of 
t hese  bladders w a s  due t o  t h e  build-up of material and laminating 
adhesive r e s u l t i n g  i n  a r e l a t i v e l y  r i g i d  composite not capable of 
f l ex ing  a t  cryogenic temperatures without f a i l u r e .  A few of t h e s e  
bladders  w e r e  composed of two o r  t h r e e  nested p lys  which w e r e  not bonded 
and which acted ind iv idua l ly  except i n  the s t e m  a r ea .  These mult iple-  
ply bladders gene ra l ly  exhibi ted good expulsion performance * 
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2.0 INTRODUCTION (Continued) 

The s ta te  of cryogenic bladder technology a t  t h e  beginning of Contract 
NAS3-6288 can be summarized a s  follows: Though seve ra l  bladders  had 
demonstrated outs tanding c y c l i c  l i f e  (up t o  126 l i q u i d  hydrogen cyc les  
a t  high permeation r a t e s ) ,  t h e  number of cyc le s  t o  bladder f a i l u r e  was 
not conclusively e s t ab l i shed  due t o  t h e  l imi t ed  number of bladders  
t e s t e d .  The bladders  ind ica ted  high permeabi l i ty  or leakage a f t e r  a 
varying number of bladders  t e s t e d .  The bladders  ind ica ted  high permea- 
b i l i t y  or leakage a f t e r  a varying number of cyc les .  The mul t ip le  p l y  
bladder appears t o  present an answer t o  many of t h e  problems, e spec ia l ly  
with t h e  proper arrangement of p l y s  of ma te r i a l s  which compliment one 
another .  The previous programs had proven many i t e m s  of design, ranging 
from bladder mounting t o  f a b r i c a t i o n  d e t a i l s .  Material  t e s t i n g  i n  l i q u i d  
hydrogen had been reduced t o  a simple opera t ion  and now provided knowledge 
of t h e  cryogenic f l e x  c h a r a c t e r i s t i c  of a l l  commercially ava i l ab le  candidate  
mater ia l s .  

The bas i c  purpose of t h i s  program, Contract NAS3-6288, was t o  consol ida te  
t h e  previous achievements i n  cryogenic bladder technology and t o  advance 
t h e  development from t h a t  point .  The program goal  was a bladder capable 
of 25 f a i l u r e - f r e e  cyc les  of l i q u i d  hydrogen expulsion with emphasis on 
t h e  development of a f l e x i b l e  bladder with minimum permeabi l i ty .  An over- 
a l l  aim was t o  e s t a b l i s h  t h e  r e l i a b i l i t y  f a c t o r  of polymeric bladders  and 
then  advance bladder r e l i a b i l i t y  t o  t h e  highest  poss ib le  l e v e l .  

The a reas  f o r  ma te r i a l s  t e s t i n g  and eva lua t ion  were ind ica ted  by the  
r e s u l t s  of t h e  previous Beech e f f o r t  and s u b s t a n t i a l  mater ia l  invest iga-  
t i o n  by NASA-LeRC ( inc luding  Twist-Flex t e s t i n g  i n  l i q u i d  hydrogen). 
Therefore,  t h e  mater ia l  i nves t iga t ion  of t h i s  program was concentrated 
on composite ma te r i a l s  of mul t ip le ,  ind iv idua l -ac t ing  p l y s .  These composites 
were of two v a r i e t i e s :  Those composed only of low-permeability b a r r i e r  p l y s  
and those composed of b a r r i e r  p lys  p lus  s u b s t r a t e  p l y s  t o  enhance t e a r  
r e s i s t ance  and extend t h e  cryogenic f l e x  l i f e  of t h e  b a r r i e r  p l y s .  The 
program inves t iga t ion  was s p e c i f i c a l l y  d i r ec t ed  toward t h e  eva lua t ion  of 
cryogenic performance of Mylar, Kapton and elements of u l t r a - t h i n  polyethylene,  
plus  Nomex and Dacron subs t r a t e s .  

These were inves t iga t ed  i n  varying arrangements t o  determine t h e  optimum 
conf igura t ion  t o  produce t h e  des i red  cryogenic f l e x  and permeabili ty 
c h a r a c t e r i s t i c s .  Emphasis was placed on a t t a i n i n g  minimum permeabi l i ty  
and ex tens ive  t e s t i n g  was performed t o  e s t a b l i s h  permeabi l i ty  c h a r a c t e r i s t i c s  
of t h e  ma te r i a l s .  The inves t iga t ion  a l s o  covered t h e  var ious f a b r i c a t i o n  
techniques and processes t o  provide maximum u t i l i z a t i o n  of t h e  se l ec t ed  
ma te r i a l s .  This  i nves t iga t ion  included t h e  var ious types  of seams and 
adhesives employed i n  sea l ing  t h e  polymeric ma te r i a l s .  Also included was 
the  use of t h e  u l t r a s o n i c  welding f o r  making seams and t h e  use of thermo- 
forming processes t o  provide contoured Mylar hemispheres. 
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3.0 MATERIAL AND FABRICATION PROCESS EVALUATION (TASK I )  

This  t a s k  cons is ted  of t h e  preliminary evaluat ion,  s e l ec t ion ,  t e s t i n g  
and ana lys i s  of t h e  bas i c  ma te r i a l s  considered p o t e n t i a l  candidates  
f o r  use i n  t h e  f a b r i c a t i o n  of bladders ,  In  add i t ion  t o  t h e  bas i c  
mater ia l  eva lua t ion ,  add i t iona l  s tud ie s  were performed t o  reso lve  t h e  
problems assoc ia ted  wi th  the  f a b r i c a t i o n  of t h e  b ladders  using t h e  
ma te r i a l s  s e l ec t ed  

This  t a s k  was divided i n t o  s p e c i f i c  a reas  of i nves t iga t ion  which a r e  
descr ibed i n  t h e  following sec t ions :  

3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 

3.1 

Task Object ives  
Mater ia l  Se l ec t ion  
Evaluation and Tes t ing  Procedures 
Apparatus 
Twist-Flex Tes t  Data 
Permeabi l i ty  S tudies  
Thermoformed Mylar l nves t iga t ions  
Seaming Inves t iga t ions  
Ul t rasonic  Seaming Study 
Inter-Ply P res su r i za t ion  Study 
Conclusions 
Bladder Mater ia l  Recommendations 

Task ob jec t ives  

The ob jec t ive  of Task I was t o  develop t h e  bes t  ma te r i a l  and f a b r i c a t i o n  
procedure f o r  j o in ing  ma te r i a l s  f o r  use i n  making bladders  f o r  p o s i t i v e  expulsion 
of l i q u i d  hydrogen. This  goal was sought through t h e  use of f l a t  and c y l i n d r i c a l  
samples which were tw i s t - f l ex  t e s t e d  i n  a manner similar t o  t h a t  experienced by 
an ac tua l  bladder 

Object ives  included inves t iga t ion  of thermally formed Mylar samples t o  determine 
t h e  f e a s i b i l i t y  of f a b r i c a t i n g  bladders  from two Mylar hemispheres. Also 
inves t iga t ed  was t h e  e f f e c t  of permeation of cryogenic l i q u i d  i n t o  a multi-ply 
sample which r e s u l t s  i n  in t e r -p ly  i n f l a t i o n  when t h e  cryogenic l i q u i d  evaporates.  
The f e a s i b i l i t y  of u l t r a s o n i c a l l y  seaming Mylar samples a s  a means of f a b r i c a t i n g  
bladders  was a l s o  a goal of t h e  program. 

The f i n a l  ob jec t ive  w a s  t h e  eva lua t ion  of a l l  ma te r i a l s  and processes  considered 
i n  t h i s  t a s k  f o r  t h e  s e l e c t i o n  of t h e  most promising ma te r i a l s  f o r  bladder 
f a b r i c a t i o n .  
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3 .1 .1  Mater ia l s  

The ma te r i a l s  were l imi t ed  t o  t h e  following commercial mater ia l s :  

a .  Mylar Film (1/2 m i l  or l e s s )  
b.  Polyethylene Film ( *  10 mil)  
c ,  Polyimide Films (1/2 mil)  Kapton 
d. Polyes te r  woven substrates--Dacron Fabr ic  
e .  Polamide Fibrous Substrate--Nomex-Nylon Paper 

These ma te r i a l s  were assembled i n  mul t ip le  unbonded or weakly bonded p l y s  
t o  form a laminated composite with t h e  des i red  c h a r a c t e r i s t i c s  determined 
through Twist-Flex t e s t i n g  i n  a spec ia l  apparatus a t  l i q u i d  hydrogen or 
ni t rogen  temperatures.  

The f l a t  samples were 4 inches by 11 inches i n  s i z e  and included some 
specimens with seams running v e r t i c a l l y  and hor izonta l ly  through t h e  
sample a s  w e l l  a s  edge seams. A smaller number of c y l i n d r i c a l  samples 
were t e s t e d  which were 3.5 inches i n  diameter and 4 inches t a l l .  

F l a t  samples were t e s t e d  f o r  helium gas permeabi l i ty  before  and a f t e r  t h e  
tw i s t - f l ex  test t o  determine t h e  number of cyc le s  a t  which a s p e c i f i c  
mater ia l  f a i l e d .  The c y l i n d r i c a l  samples w e r e  checked f o r  permeabili ty 
only when i n s t a l l e d  ~ 

Mylar 

Mylar Type C f i l m  had already received a considerable  amount of previous 
t e s t i n g  by Beech and NASA i n  l i q u i d  n i t rogen  and hydrogen and i n  var ious 
combinations of ma te r i a l s  and p l y s .  The emphasis, therefore ,  i n  t h i s  
program was upon multi-ply samples of Mylar C with var ious seams and seaming - 
methods. Thin f i lms  of Mylar a r e  highly f l e x i b l e  a t  cryogenic temperature,  
however, t e a r  r e s i s t a n c e  of t hese  f i b e r s  was genera l ly  l o w  and occasional ly  
r e su l t ed  i n  gross  s p l i t t i n g .  

Po 1 y e t  hy 1 ene 

Polyethylene f i l m s  of 0.1 m i l  th ickness  and combination of polyethylene with Mylar 
f i lms  were evaluated f o r  cryogenic f l e x i b i l i t y  by both Beech and NASA-Lewis Resear 
Center. T e s t  r e s u l t s  ind ica ted  t h a t  f u r t h e r  s t u d i e s  were warranted. 

Kapton 

Kapton, a polyimide f i lm,  had received some t e s t i n g  i n  l i q u i d  n i t rogen  by 
Beech with varying r e s u l t s .  NASA requested t h a t  t h i s  mater ia l  rece ive  
addi t ionhl  l i q u i d  n i t rogen  t e s t i n g  followed by l i q u i d  hydrogen t e s t i n g .  (Ref 5 ,  
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3 ~ 1 e 2 Fabr ica t  i on  Processes 

Adhesives 

The following adhesives i n  l i q u i d  and tape  form were t e s t e d  i n  t h i s  program: 

a .  Polyes te r  types,  GT-100, GT-200, and GT-300 from t h e  G. T .  

b. Types S-110 and S-114 from t h e  Sea Space Systems, Inc.  
c .  Elastromeric  type Pliobond-20 from t h e  Goodyear T i r e  & Rubber 

Schj e l  dah1 Company e 

Company 

The GT series of adhesives have been used q u i t e  successfu l ly  i n  t h e  past  on 
expulsion bladders  whereas t h e  "S" s e r i e s  was r e l a t i v e l y  new and experience 
w a s  needed. The Pliobond adhesive had shown some p o s s i b i l i t i e s  from NASA 
t e s t  work and was included i n  t h i s  program s ince  it would o f f e r  some s impl i c i ty  
of f a b r i c a t i o n  of bladders ,  (Ref 9)  

Thermal Seal ing 

Mater ia l s  which can be thermally bonded toge ther  without adhesive o f f e r  some 
advantages i n  sample and bladder f a b r i c a t i o n  by reducing seam th ickness .  I f  
a sample is  composed t o t a l l y  of polyethylene then  a thermal s e a l  is  poss ib le  
throughout s ince  polyethylene can be sealed t o  i t s e l f .  Adhesive sea l ing  is, 
however, required f o r  a l l  Mylar or Mylar and polyethylene f i l m  combinations. 

Ultrasonic  Seaming 

The use of u l t r a s o n i c  welding o f fe red  a promising method of j o in ing  p l a s t i c  
films. The l a c k  of experience i n  u l t r a s o n i c a l l y  jo in ing  of 1/4 m i l  Mylar C 
and t h e  advantages of such a method have es tab l i shed  t h e  need f o r  considera- 
t i o n  of t h i s  method. Development work was done i n  t h i s  a rea  and r e s u l t e d  i n  
f a b r i c a t i o n  of s ing le  ply f l a t  samples with hor izonta l  u l t r a s o n i c  welded 
seams 

3.1.3 Permeabili ty Measurement 

The only c r i t e r i a ,  f o r  determining whether a mater ia l  i s  s a t i s f a c t o r y  f o r  
use i n  an expulsion bladder ,  i s  t o  compare i t s  cyc le  l i f e  performance with 
t h e  f a i l u r e  pa t t e rn .  The mater ia l  which r e s u l t s  i n  t h e  g r e a t e s t  number of 
cyc les  without f a i l u r e  should prove t o  be t h e  bes t  mater ia l  f o r  t h e  job .  

F a i l u r e  must be def ined.  I f  f a i l u r e  i s  considered t o  be the  point  a t  which 
g ross  s h a t t e r i n g  of t h e  mater ia l  occurs,  then t h i s  point is  more r ead i ly  
observed and determined. I f ,  however, permeabi l i ty  is  used f o r  t h e  determina- 
t i o n  of f a i l u r e ,  then  t h e  amount of permeabi l i ty  or porosi ty  which can be 
t o l e r a t e d  must be e s t ab l i shed .  In  e i t h e r  event,  t h e  i d e a l  goal  would be 
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a graph i n  which t h e  f a i l u r e  c r i t e r i a  i s  p lo t t ed  aga ins t  number of cyc les .  
In practice, t h i s  goal i s  not e a s i l y  achieved f o r  t h e  following reasons.  
The many f a c t o r s  which play a p a r t  i n  t h e  f a i l u r e  of a mater ia l  sample a r e  
not e a s i l y  con t ro l l ed  nor understood. The bas i c  mater ia l  i t s e l f ,  f ab r i ca t ed  
under e s t ab l i shed  con t ro l  procedures, v a r i e s  i n  q u a l i t y  wi th in  some acceptable  
l i m i t s  according t o  t h e  manufacturer. When t h i s  mater ia l  i s  assembled i n t o  
a sample i n  which some adhesive or bonding method i s  used, then  i t  i s  l i k e l y  
t h a t  t h i s  opera t ion  a f f e c t s  t h e  bas i c  mater ia l  e i t h e r  i n  i t s  bas i c  character-  
i s t i c s  or  physical a c t i v i t y .  

The r e s u l t  of a l l  of t hese  va r i ab le s  i s  exhib i ted  by t h e  l ack  of r e a l  
c o r r e l a t i o n  between f a i l u r e  and number of cyc les .  Although permeabili ty 
da ta  i s  recorded, both before  and a f t e r  a sample i s  t e s t e d  and cyc les  
a re  recorded, t h e  random t y p e  of f a i l u r e s  makes ana lys i s  d i f f i c u l t .  An 
attempt is  made t o  test t h e  f i r s t  sample of a group t o  200 cycles or to  
f a i l u r e ,  whichever occurs f i r s t .  The r e s u l t s  of a permeabili ty t e s t  made 
on t h e  samples then  determines t h e  number of cycles t h a t  t h e  next sample 
would be run. 

3 .1 .4  Inter-Ply I n f l a t i o n ,  

In  previous work a t  NASA-LeRC, it  was observed t h a t  when multi-ply f i l m  
samples were immersed i n  cryogens during f l ex - t e s t ing ,  i n f l a t i o n  of t h e  p l y s  
would occur when t h e  samples were removed from t h e  cryogen. I n  severa l  cases ,  
considerable  q u a n t i t i e s  of l i q u i d  n i t rogen  was seen t o  be trapped between t h e  
p l y s .  Subsequent evaporation of t h e  cryogen r e su l t ed  i n  des t ruc t ion  of t h e  
sample by over pressur iza t ion .  Fur ther  study of in te r -p ly  i n f l a t i o n  was 
performed i n  t h i s  program, including t h e  e f f e c t  t h a t  i n f l a t i o n  has on cycl ing 
of bladders .  

3 2 Mater ia l  Se l ec t ion  

The four  bas i c  mater ia l s :  Polyes te rs ,  Polyethylene, Polyimide, and Polyamides 
were spec i f i ed  by NASA f o r  t h i s  program. The problem of s e l e c t i n g  t h e  best  
combination of t hese  ma te r i a l s  i s  a complex one. It  i s  necessary t o  a s c e r t a i n  
an optimum th ickness  and number of p l y s .  P lys  must be jo ined  with t h e  bes t  
t y p e  of seam which i s  loca ted  i n  t h e  idea l  pos i t i on  on t h e  sample and f i n a l l y  
t h e  ma te r i a l  samples and bladders  should be assembled by t h e  most p ro f i c i en t  
vendor. This  v a r i e t y  of s e l e c t i o n  parameters i s  i l l u s t r a t e d  i n  Figure 3.1. 

Figure 3.2 i l l u s t r a t e s  many of t h e  poss ib le  combinations of f i l m  seams 
which may be considered f o r  j o in ing  two or more f i l m s  toge ther  t o  form a 
bladder .  
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FIGURE 3.1 
SAMPLE AND SEAM VARIATIONS 
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I PLY ASSEElIBLY - SEAMING OF THIN FImS 
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The cont rac t  statement of work spec i f i ed  t h a t  t h e  ma te r i a l s  t o  be se l ec t ed  
and evaluated s h a l l  be l imi t ed  t o  commercial ma te r i a l s  and composites approved 
by t h e  NASA LeRC Pro jec t  Manager and s h a l l  include t h e  following: 

a .  Multiple-plys of 1/4 and/or 1/2 m i l  b i a x i a l l y  o r i en ted  
poly (ethylene t e r eph tha la t e )  f i l m  used e i t h e r  a lone 
(unbonded) or separated by unbonded or weakly bonded 
l a y e r s  of f i b rous  or woven subs t r a t e s .  

The forms of t h e  Mylar f i l m  t o  be inves t iga ted  s h a l l  
cons i s t  of both t h e  commercially ava i l ab le  f i l m  i n  t h e  
"as received" and i n  t h e  thermoformed condi t ions  . . . . 

b. Multiple,  unbonded or weakly bonded, p l y s  of 0.1 m i l  t h i c k  
f i lms  of polyethylene re inforced  with polymeric f i laments .  

c. Mult iple  p l y s  of 1/4 and/or 1/2 m i l  polyimide f i lms  used  
a lone i n  t h e  unbonded condi t ion  or separated by unbonded 
or weakly bonded l a y e r s  of f i b rous  or woven polyes te r  
subs t r a t e s .  e . 

Within t h i s  framework and under NASA d i r ec t ion ,  t h e  f i n a l  mater ia l  s e l e c t i o n ,  
discussed i n  Sec t ion  3 .2 .2 ,  was made. The s e l e c t i o n  was based upon t h e  following 
f a c t o r s :  

a .  Thin f i l m s  of t h e  polymers mentioned above have proven t h e  
most f l e x i b l e  a t  cryogenic temperatures.  

b. Thin f i lms  a r e  more permeable, and it i s  necessary t o  add 
many p lys  of t h e  f i l m  to  reduce permeation. 

c. Multi-ply ma te r i a l s  o f f e r  g r e a t e r  r e l i a b i l i t y .  

d.  Mylar and o the r  p l a i n  f i lms  lack  t e a r  r e s i s t a n c e  and so t h e  
add i t ion  of woven s u b s t r a t e s  appear necessary t o  s t rengthen  
t h e  composite. 

e .  No t i g h t  bonding of f i l m  and s u b s t r a t e s  should be allowed 
because of de t r imenta l  i n t e r a c t i o n  t o  t h e  laminate.(Ref 6) 

f ,  Most of t h e s e  ma te r i a l s  a r e  not e a s i l y  formed a s  s i n g l e  
p ieces  i n t o  bladder shapes, t he re fo re ,  cons idera t ion  must 
be given t o  seaming techniques.  
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g,  Seaming must not destroy t h e  f l e x i b i l i t y  of t h e  ma te r i a l  t o  
an extent  which w i l l  cause a f a i l u r e  i n  t h e  seam o r  mater ia l .  

h. The seam s h a l l  not impair t h e  i n t e g r i t y  of t h e  multi-ply 
f i l m  cons t ruc t ion .  

i. Thermal, u l t r a s o n i c  or o the r  methods of s ea l ing  f i lms  must 
not destroy t h e  na tu ra l  f l e x i b i l i t y  of a mater ia l  by changing 
t h e  physical  c h a r a c t e r i s t i c s  

j .  Seam adhesives must remain adhesive and f l e x i b l e  a t  cryogenic 
temperatures,  

Seaming techniques must be capable of being used i n  t h e  
f a b r i c a t i o n  of sphe r i ca l  bladders .  

k. 

1. Small s c a l e  samples must dup l i ca t e  t h e  mater ia l  and cons t ruc t ion  
which would be used f o r  bladder f a b r i c a t i o n .  

m. Commercially made f i lms  have l i m i t a t i o n s  of f i l m  th ickness  which 
must be considered i n  a composite s e l ec t ion .  

no  The number of p lys  must be optimized so a s  not t o  increase  t h e  
seams beyond p r a c t i c a l  l i m i t s  and d i f f i c u l t y  of bladder f a b r i -  
ca t ion .  

Figures  3.3,  3 .4 ,  3 . 5 ,  3.6,  and 3.7 show requirements f o r  f a b r i c a t i o n  of samples. 

3 2 2 I n i t i a l  Se l ec t  i on  

Af te r  a l l  parameters were considered separa te ly  and then  r e l a t e d  t o  each o the r ,  
a l ist  of t h e  mater ia l s ,  combinations, th ickness ,  p l y s ,  seaming methods and 
o the r  f a c t o r s  were tabula ted  a s  t h e  i n i t i a l  sample s e l e c t i o n  a s  shown i n  
Table 3.1.  

The i n i t i a l  sample s e l e c t i o n  and t e s t  program was reviewed, and it  was agreed 
by Beech and NASA t o  be i n  t h e  bes t  i n t e r e s t  of t h e  program t o  e l imina te  a l l  
l i q u i d  n i t rogen  t e s t i n g  except f o r  tests involving t h e  use of Kapton f i l m  
which had not previously been adequately t e s t e d .  In  addi t ion ,  t h e  number of 
samples of any one type of ma te r i a l  t o  be t e s t e d  was reduced and 1/2 m i l  Mylar 
f i lms  were de le ted ,  These reduct ions r e su l t ed  i n  t h e  f i n a l  l i s t  of ma te r i a l s  
which w e r e  subsequently ordered from subcontractors .  
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FIGURE 3.3 

BASIC CONFIGURATION OF TWIST-FLEX MATERIAL SAMPLES 
( A l l  Dimensions in Inches) 
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FIGURE 3.4 

VARIETIES OF SEAMS IN TWIST-FLEX MATERIAL SAMPLES 
(All Dimensions in Inches) 

1 ..2 5 

- FLAT SAMPLE 

Closing 
Vertical) 

Seam 

L- Circumferential ( Horizontal 1 Seam 
(Location as Shown for Flat Sample) 

CYLINDRICAL SAMPLE 
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FIGURE 3.5 

EDGE SEAM DETAILS 

( A l l  Dimensions in Inches) 
FLAT TWIST-FLEX SAMPLES 

,--GT 100 Adhesive 

Edge of 
Plys 

/ 

I I '  

CROSS-SECTION THRU ETJX;E SEAM 
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FIGURE 3.6 

SEAM DETAILS 
TWIST-FLEX SAMPLES 

(All Dimensions in Inches) 

Adhesive coated ape r 
No Bond Between 
Adjacent Ply8 

No Bond Between 
AdJacent Plys 

CRO8S-SECTXON T#Ru W-TYPE SEAM 
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FIGURE: 3.7 

SEAM DETAILS 
TWIST-FLEX SAMPLES 

( A l l  Dimensions i n  Inches) 

CROCjSSECPOEI !3!€JRU EDGE SEAM 

Thermal Seam i n  Polyethylene P l y s  
Adhesive i n  Mylar & Kapton Plys  

No Bond Between 
A 0 5  MAX Adjacent Plys 

m 
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3.2.2 I n i t i a l  Se l ec t ion  (Continued) 

The work on development of u l t r a s o n i c  seaming of .1/2.mil  Mylar 
Type C was a l s o  accomplished. 
i t  was f e a s i b l e  t o  f a b r i c a t e  sphe r i ca l  bladders  i n  which t h e  ind iv idua l  gores  
a r e  joinedcby u l t r a s o n i c  seaming. 
manner a s  the  o t h e r  seamed samples i n  l i q u i d  hydrogen under twis t - f lex  
condi t ions  t o  determine t h e i r  ambient temperature permeabili ty c h a r a c t e r i s t i c s  
and cryogenic f l e x - l i f e .  (Ref 10)  

The purpose of t h i s  work was t o  determine i f  

These samples were t e s t e d  i n  t h e  same 
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TABLE 3.1 

INITIAL TWIST-FLEX SAMPLE SELECTION 

Mylar  Type C - F l a t  4" x 11" - Edges Sealed 

I t e m  No. M i l  Thickness No.  P lys  No. of Samples Liq. Seaming 

. 5  

. 5  

.25 

.25 

5 
10 
5 

10 

12  
12 
12  
12 

.5  5 20 

.5  10 20 

.25 5 20 

.25 10 20 

No Seams 
No Seams 
No Seams 
N o  Seams 

JJ% 
LH2 
LH2 
LH2 
LN2 Horizontal* 
LN2 Horizontal* 
LN2 Harizontal* 
LN2 Horizontal* 

9, 10, 11, 12 same as 5, 6, 7, 8 but us ing  zGN2. 

13, 14, 15, 16 same as 5, 6, 7, 8 but wi th  Vertica1"Seams. 

17, 18, 19, 20 same as 9, 10, 11, 12 but wi th  Vertical Seams. 

21, 22, 23, 24 same as 5, 6, 7 ,  8 but wi th  Hor izonta l  and Vertical Seams. 

25, 26, 27, 28 same as 9, 10, 11, 12 but wi th  Hor izonta l  and V e r t i c a l  Seams, 

29, 30, 31, 32 same as 5, 6, 7, 8 but us ing  Pliobond -20 Adhesive System. 

33, 34, 35, 36 same as 9, 10, 11, 12 but us ing  Pliobond -20 Adhesive System. 

I t e m  No. M i l  Thickness No. P lys  N o .  of Samples Liq. Seaming 

37 . 5  5 20 LN2 Hor izonta l  
38 .5  10 20 LN2 Ul t r a son ic  
39  .25 5 20 LN2 Ul t rasonic  
40 25 10 20 LNz Ul t r a son ic  

41, 42, 43, 44 same as 37, 38, 39, 40 but us ing  lrH2. 

45, 46, 47, 48 same as 37, 38, 39, 40 but wi th  Vertical Seam. 

49, 50, 51, 52 same as 41, 42, 43, 44 but with Vertical Seam. 

53, 54, 55, 56 same as 37, 38, 39, 40 but wi th  Hor izonta l  & Vertical Seams. 

57, 58, 59, 60 same as 41, 42, 43, 44 but wi th  Hor izonta l  & Vertical Seams. 

* A l l  seams GT-100 t ape  or equ iva len t .  
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TABLE 3.1  (continued) 

Mylar - Type C 3.5" D i a m e t e r  Cylinders 

I t e m  N o .  M i l  Thickness No.  P lys  No .  of Samples Liq. Seaming 

Vertical 
Seam us ing  
GT-100 Tape 
or equiva len t  
Vertical & 
Horizontal  
Vertical & 
Horizont a1 
Vertical & 
Hor i z o n t  a1 
Vertical & 
Horizont a1 

J-J-32 

m2 

m2 

5 5 m 2  

5 m2 

m2 ~ 

1 .25 5 5 

2 a 25 10 5 

3 -25  5 5 

4 .25 10 5 

5 rn 1 5  

6 15 10 

Mylar - Type C (Thermoformed) 4" x 11" (sphe r i ca l  sur face)  

I t e m  No .  M i l  Thickness N o .  P lys  NO. of Samples Liq. Seaming 

N o  Seams 
N o  Seams 

.5 1 5 m 2  
5 m 2  

1 
2 .25 1 

Polyethylene and/or Mylar C Combinations 

I t e m  N o .  M i l  Thickness N o .  P lys  NO. of Samples Liq. S e a m i  ng 

F l a t  4" x 11" Edged Sealed 

N o  Seams 
N o  Seams 
N o  Seams 
V e  r t i c a1 
Vertical 
Horizon t a1 
Horizont a1 
Horizontal & 
Vertical 
Horizontal  & 
Vertical  

1 2  m2 1 .10 poly / . l5  Mylar 10 

LH2 2 a 10 poly/. 15 Mylar 15 12 

12  m 2  3 .10 po ly / . l 5  Mylar  20 

m2 4 .10 poly / . l5  Mylar 10 12 
5 e 10 poly/. 15 Mylar 20 12 m 2  

m2 6 .10 poly / . l5  Mylar 10 12 

12 IJx2 7 . 10 poly/. 15 Mylar 20 

LJH2 8 10 poly/. 15 Mylar 10 12  

LH2 9 .10 poly / . l5  Mylar 20 12 

10 through 16 same as 1 through 9 with add i t ion  of f i lament  reinforcements 
between f i l m  p lys .  
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TABLF: 3.1 (continued) 

Polyethylene and/or Mylar--Type C Combinat ion' 3 ; 6' Dilmeter 'Cy1,i'rrder 

Seaming 

17 .10 poly / . l5  Mylar 10 
18 . 10 poly/. 15 Mylar 20 

5 
5 

LH2 Vertical 
V e r t  i cal m 2  

19 

20 

same as 17 wi th  a d d i t i o n  of Dacron reinforcement. 

same as 18 wi th  add i t ion  of Dacron reinforcement.  

Kap t on 

Item No. M i l  Thickness No. P lys  No. of Samples Liq. Seaming 

No Seams . 
LN2 No Seams 

No Seams 
No Seams 

F l a t  4" x 11" Edges Reinforced 

LN2 

LN2 
LN2 

1 24 
3 24 
5 24 

.5  10 24 

1 .5 
2 . 5  
3 . 5  
4 

5, 6, 7, 8 same as 1, 2, 3, 4 but us ing  LH2. 

Combinat ions 

1. 5 p ly  (.25 mi l )  Myla r / l  p ly  (2 mi l )  Nomex/5 p ly  (.25 mil)  Mylar 12 
samples LH2 no seams. 

2. Nomex/Mylar/Nomex/Mylar/Nomex 12 LH-2 no seams. 

3. Nomex/Mylar/Nomex/Mylar 12 LH2 no seams. 

4, 5, 6, same as 1, 2, 3 except us ing  .10 m i l  poly f o r  .25 Mylar. 

7, 8, 9 same as 1, 2, 3 except us ing  Dacron c l o t h  f o r  Nomex paper.  
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TABLE 3.2 

MATERIAL SAMPLE SuMMaRY 
SEA SPACE SYSTEMS, INC. 

(Ref. F in .  3.8) - 
(3) Seams (2) No. of (1) Ident  . Conf igu- Material 

V a r .  Type No. Quan. ra t ion  Gauge (Mil) Type Plys  

T l O l  3 
10 2 3 
103 3 
104 3 
10 5 3 
106 3 
107 3 
108 3 
10 9 3 
110 3 
111 3 
112 3 
113 3 
114 3 
115 6 
116 6 
117 3 
118 3 
119 3 
120 3 
121 6 

122 6 
123 5 
124 5 
125 5 
126 5 

127 5 

F1 at 
11 

I t  

11 

I t  

11 

I t  

I 1  

1 1  

11 

11 

I t  

1 1  

11 

11  

I t  

11 

I 1  

) I  

11 

11 

11  

cy1 0 

F l a t  
11 

I t  

11 

.10 M i l  Poly 

.15 M i l  Mylar 

.10 Poly/. l5 Mylar 
Merf ab/ a 15 Mylar  
Merf ab 
Merf ab/. 10 Poly 
Merf ab/. 10 Poly/. 15 Mylar  
Merf ab/Poly/. 15  Mylar  
.15 Mylar 
.15 Mylar 
Merf ab/. 15 Mylar  
Merf ab/. 15 Mylar 
Merf ab/. 15  Myl,ar/Nomex 
. l o  Poly/ 15 qyl/Nomex 
Merfab/.l5 Mylar 
Merfab/.l5 MplBr 
.25 Mylar 
.15 Mylar 
-25 Mylar 
.25 Mylar 
.10 Polyd.15 Mylar/ 
Nomex 
Merfab/.15 Mylar 
. I5  Mylar 
.15 Mylar/Hsmex 
.I5 Mylar/Nomex 
. l o  Poly/.T5 Mylar/ 
Nomex 
- 5  M i l  Kapton 

30 
30 

15/16 

30 
20/9 
20/9 
16/12 
30 

1 7 1 4  
8 6  

8/12/3 

20/11 

4/4/3 

20/12 
20/12 
30 
10 
30 
10 

8/12/3 
20/12 
30 

12/3 
12/3 

8/ 12/3 
10 

C r o s s  Lap 
Cross Lap 
Cross Lap 

Cross Lap 

Cross Lap 
Cross Lap 

NOTE (1) Kapton - . 5  M i l  (2) 1/2/3 same order  as 
Mylar  - .15 M i l ,  .25 M i l ,  Type C material l i s t e d  
Polyethylene - . l o  M i l  (3) Samples were acceptable  with- 
Merfab - two .10 M i l  Poly out c los ing  t apes  on p ly  groups, 

Nomex - 2.0 M i l  hesive wet t ing.  
with Scrim between p lys  i f  edges w e r e  sealed by "ad- 

1 1  
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TABLE 3.3 

MATERIAL SAMPLE SLJMMARY 
G .  T. SCHJELDAHL CO. 

(Ref. F ig ,  3.9) 

Mater ia l  Conf igu- Gauge Ident  . 
N o .  Quan. r a t i o n    MI^) Type Plys  Var ie ty  Type Adhesiv 

T201 

T202 

T203 

9'204 

T205 

T206 

T207 

T208 

T209 

T210 

T211 

T212 

T213 

T2 14 

T215 

T216 

T217 

T218 

T219 

T220 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

18 

10 

F1 a t  

F l a t  

F l a t  

F1 a t  

F l a t  

F l a t  

F l a t  

F l a t  

F l a t  

F1 a t  

F l a t  

F l a t  

F1 a t  

Cy1 . 
cy1 . 
c y 1  . 
cy1 . 
Cyl. 

c y 1  . 
cy1 . 

.15 Mylar "C" 5 

.15 Mylar "C" 10 

.15 Mylar 'k" 5 

-15 Mylar "C" 5 

.15 Mylar "C" 5 

.15 Mylar "6" 10 

.15 Mylar "C" 10 

.15 Myla r  "C" 5 

. 5  Kapton 1 

.5  Kapton 5 

. 5  Kapton 10 

. I5  Mylar "C" 13 
except l s t ,  7 t h  
& 1 3 t h  p lys  a r e  
2-mil Nomex paper 

-15 Mylar "C" 13 
except lst ,  7 t h  
& 13 th  p lys  a r e  
2.2-02. Dacron 
f a b r i c  

.15 Mylar "C" 5 

.15 Mylar "C" 10 

.15 Mylar  "C" 5 

. l 5  Mylar "c" 5 

.15 Mylar "6" 10 

.15 Mylar  "C" 10 

.15 Mylar "C" 5 

Cross 

Cro s s 

Cross 

Cross 

Cross 

Cross 

Butt  GT 300-3 

Lap GT 100-1 

But t  GT 300-3 

Lap GT 100-1 

Butt Pliobond 
20 w/tape 

Closing 

Closing 

Cross 

Cross 

Cross 

Cross 

Cross 

Lap GT 100-1 

Lap GT 100-1 
-. 

Butt GT 300-3 

Lap GT 100-1 

Butt GT 300-3 

Lap GT 100- 

But t  P1 iobon 
20 w / t  ap 

3-19 
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TABLE 3 . 3  (Continued) 

MATERIAL SAMPLE S7JMMARY 
G. T. SCHJELDAHL CO. 

Material Tot a1 Cross Seams 
Ident . Coniigu- Gauge Number 
No. Quan. r a t i o n  (Mil) Type of P lys  V a r i e t y  Type Adhesive 

T221 

T222 

T223 

T224 

T225 

T226 

T227 

T228 

T229 

T230 

T23 1 

T232 

T233 

T23 4 

T23 5 

T236 

T237 

T23 8 

T23 9 

T240 

T241 

5 

5 

3 

3 

3 

3 

5 

5 

5 

5 

5 

5 

5 

5 

5 

10 

20 

10 

10 

5 

5 

Cly . 
c y 1  * 

C y l .  

C y l .  

Cyl. 

C y l .  

F l a t  

F l a t  

F l a t  

F l a t  

F l a t  

F1 a t  

F l a t  

F l a t  

F1 a t  

FI a t  

F l a t  

F l a t  

F l a t  

F i a t  

F l a t  

a 15 Mylar "C" 

.15 Mylar  "C" 

.5  Kapton 

.5 Kapton 

Same as T212 

Same as T213 

.25 Mylar "C" 

.25 Mylar "6" 

.25 Mylar  "C" 

.25 Mylar "C" 

.25 Mylar  "C" 

.25 Mylar "C" 

.25 Mylar "C" 

.25 Mylar "C" 

.25 Mylar "C" 

a 15 Mylar "C" 

e 25 Mylar "C" 

.25 Mylar "C" Except 
lst, 7 th  & 13 th  p lys  

10 

10 

10 

10 

13 

13 

1 

1 

1 

1 

1 

1 

1 

1 

1 

10 

10 

13 

t o  be 2 m i l  Nomex Paper 

.25 Mylar  "C" Except 13 
lst,  7 t h  & 13th p l y s  
t o  be 2.2 oz. Dacron 
Fabr ic  

2 Nomex Paper 1 

2 Nomex Paper 1 

Cross 

Cross 

Closing 

Closing 

Cross 

Cross 

Hor i z  . 
Horiz. 

Horiz. 

Horiz. 

Hor i z  . 
Horiz. 

Horiz. 

Horiz. 

Horiz . 

Horiz. 

Horiz. 

Butt  

Lap 

Butt  

Lap 

Butt  

Butt  

"W" Butt 

"N" Butt 

"w" Lap 

"N" Lap 

"I" Butt 

"I" Lap 

1/2" Lap 

1/2" Lap 

1/2" Lap 

"W" Butt 

"N" Butt 

GT 300-3 

GT 100-1 

GT 300-4 

GT 100-1 

GT 300-3 

GT 300-3 

GT 300-3 

GT 300-3 

$?T 100-1 

GT 100-1 

GT 300-3 

GT 100-1 

GT 100-2 

GT 100-2 

GT 100-2 

GT 300-4 

GT 300-4 
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TABLE 3.3 (Continued) 

MATERIAL SAMPLE SUMMARY 
G. T o  SCHJELDAHL CO. 

Material Tota l  C r o s s  Seams 
Ident  . Conf igu- Gauge Number 
No. Quan. r a t i o n  (Mil) Type of P lys  V a r i e t y  Type Adhesive 

T242 5 

T243 5 

T244 5 

T245 5 

T246 5 

T247 5 

T248 10 

T249 10 

T250 10 

T251 10 

T252 10 

T253 10 

T254 10 

T255 10 

T256 5 

T257 5 

T258 10 

F l a t  

F l a t  

F l a t  

F l a t  

F l a t  

F l a t  

F l a t  

F1 at 

F l a t  

F l a t  

F1 at 

F1 a t  

F l a t  

F l a t  

F l a t  

F l a t  

F l a t  

2 Nomex Paper 

2 Nomex Paper 

2 .2  oz. Dacron Fabr ic  

2.2 oz. Dacron Fabr ic  

2.2 oz. Dacron Fabr ic  

2.2 oz. Dacron Fabr ic  

.25 Mylar  "C" 

.5 Myla r  "C" 

. 5  Kapton 

.25 Mylar "C" 

.25 Mylar "C" 

. 5  Kapton 

.25 Mylar/Nomex 

e 5 Kapton/Nomex 

2 Nomex 

$1 

1. 

1 

1 

1 

1 

10 

10 

10 

10 

10 

10 

5/6 

5/6 
1 

2.2 oz. Dacron 1 

.25 Mylar/Dacron 6/5 

Horiz . 
Horiz. 

Horiz. 

Horiz. 

H o r  i z  

Hor i z  . 
Horiz 

Horiz. 

Horiz. 

Horiz. 

Horiz.  

Horiz.  

Horiz.  

Horiz. 

Horiz. 

Horiz.  

H o r  iz . 

"w" Lap GT 100-1 

GT 100-1 

" W f l  Butt  GT 300-4 

"N" Lap 

'IN'' But t  GT 300-4 

GT 100-1 "w" Lap 

GT 100-1 "N" Lap 

"W" But t  GT 300-3 

"N" But t  GT 300-3 

"W" But t  GT 300-3 

"w" Lap GT 100-1 

"N" Lap GT 100-1 

"w" Lap GT 100-1 

Butt/Lap GT300-3/100-1 

Butt/Lap GT300-4/100-1 

Butt  t w o  GT 300-4 
s i d e s  

But t  two GT 300-4 

Butt/Lap GT3io0-3/100-1 

s i d e s  

GT 100-2 adhesive 1 M i l  t h i c k  X .5" wide, 
GT 300-3 t ape  .25 M i l  t h i c k  x adhes .26 M i l  

GT 300-4 t ape  . 5  M i l  t h i c k  x adhes .5 
M i l  t h i c k  x -5"  wide. 

NOTE: (1) Mylar  "c" - -25 .5 M i l  t h i c k  x .5"  wide. 
Kapton - .5  M i l  
Nomex - 2 M i l  
Dacron - 2.2 Qz. 

"N" - 1/8" Wide Hot Rol le r  Sea l  
"1" - 1/8" Wide Impulse Seal  
But t  Seames Taped on One Side Only (Except T204) 

(2) "W" - 1/23!' Wide 
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FIGURE 3.8 

SAMPLE DETAILS 
SEA SPACE SYSTEMS INC. 

TlOl 

(3 samples) 
] - .10 Poly 

i J .10 Poly (30 plys)  

T o t a l  P l y s  
30 Poly 

T102 

(3 samples) S114 Adhesive 

.15 Mylar (30 plys)  

T o t a l  P l y s  
30 Mylar 

/-.15 Mylar Tape T103 I 
(3 samples) b . S l 1 4  Adhesive 

- - - - - - -  /.lo Poly 

1 .15 Mylar ==+==== 
‘L- SllO Adhesive T o t a l  P l y s  

16 Mylar 
15 Poly 
31 Film PlyS 31 p l y s  of a l t e r n a t i n g  Mylar C & Poly 

T104 ,-.15 Mylar 

(3 samples) S114 Adhesive ------. 15 Mylar 

Merfab Element (10) 

w - - - - -  

T o t a l  P lys  
S l l O  Adhesive 11 M y l a r  

20 Poly 
31 F i l m  P lys  
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FIGURE 3.8 (Continued) 
SAMPLE DETAILS 

SEA SPACE SYSTEMS INC. 

c -. 

T105 I 

(3 samples) 
4- Thermal Seam -! - - - - - -Merfab Element (15) 

(Each element orthogonal) 
Sl lO Tape - 

I '  
T o t a l  Ply: 

S imi l a r  t o  TlOl p l u s  f i b e r s .  30 Poly 

T106 

(3 samples) - Merf ab  Element (10) 

S l l O  Tape--' 

1 I Thermal Seam 

. 10 Polyethylene (9) 
/ 

T o t a l  P lys  
20 Polv of Merfal S imi l a r  t o  T104 except  Poly i n  p l ace  of Mylar 

Film between Merfab elements.  S imi l a r  t o  T105 9 Poly - 
p l u s  .10 Poly Film. 29 Film P lys  

(3 samples) 4- -715 Mylar 

To ta l  P l y s  

9 Mylar 
20 Poly '., SllO Tape and Wetted Edges 

Same as T104 except only edges wetted in s t ead  of - 
adhesive between each p l y  a t  s e a m .  29 Film P l y s  

/--114 e s i v e  'rape 
T108 I 
(3 samples) 

-//- SllO Adhesive 
- - - - -  -- __ - Merf ab  Element (4) 

T o t a l  P l y s  
Double, orthogonal l a y e r s  of Merfab elements as an  16 Poly 
abrasion s h i e l d  on both s i d e s .  12 Mylar 

28 F i l m  P lys  
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FIGURE 3.8 (Continued) 

SAMPLE DETAILS 
SEA SPACE SYSTF;MIS INC. 

Mylar Tape 
/-- 

-S114 Adhesive 

-15 Mil Mylar (30) 
Alternating Plys MI? at 90" 

*MD - Machine Direction 
5114 Adhesive 

Total Plys 
30 Mylar 

(3 samples 

TllO 

(3 samnles) 
-.15 Mil Mylar (10) 

/ Alternating Plys MD at 90" 

Total Plys 
10 Mylar Same as Tl09 except 10 plys of .15 mil Mylar 

Tlll I S114 Adhesive 
(3 samples) 

c . 1 5  Mil Mylar - Merf ab Element 
I I - - - - - -  ) Mdylar/Merfab/Mylar (6) 

\ -- ~ 1 1 4  Adhesive Total Plys 
14 Mylar 

30 Film Plys 
of Mylar/Merf ab/Mylar \-Mylar Closing Tape - 16 Poly 
Incorporated s 

with closing tape. 

(3 samples) 

2 Groups -- 

Total ESys 
6 Mylar 
8 Poly Same as Tlll except that only 2 groups of 

Mylar/Msrf ab/Mylar are incorporated. lrFilm Plys 
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FIGURE 3.8 (Continued) 
SAMPLE: DETAILS 

SEA SPACE SYSTEXS INC. 

T113 I --Mvlar Tape 
/ 

(3 samples) 
P --Nomex (2 M i l )  (3) 

2 Groups 1 Mylar/Merfab/Mylar 

-4 Nomex Closing Tape 

IK--- 
. -.-r--. Nomex 
I 

-I- S114 Adhesive 
.15 M i l  M y l a r  

T o t a l  P l y s  
3 Nomex 
4 Mylar 

8 Film Plys  
4 Poly - 

T114 I 
(3 samples) 

4 Groups 
Closing Tape: 

.15 M i l  Mylar 

Mvlar Tape 
/ 

# ,-S114 
. '-- Nomex (2 M i l )  (3) 

,cI 

/___ 1 z --} Mylar/Poly/Mylar/Poly/Mylar 

N o m e x  . d  

T o t a l  P lys  v 4-Nomex 3 Nomex 
12 M y l a r  

20 Film P lys  

--a- 

' -- 5114 

8 Poly 
I_ 

VIerfab E l e m e n t  
, , -. 10 Poly 

3 
0 a Q Q 0 0 0 ID 0 9--C- 40 Denier  HT (Nylon) 

F i b e r s  on 1/8" centers  b.. 

-.lo Poly 

Adhesives J - S l l O  Poly t o  Mylar 

.- S11.1 ?*:ylar t o  M y l a r  
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FIGURE 3.8 (Continued) 

SAMPLE DETAILS 
SEA SPACE SYSTEMS INC. 

T115 I 
Mylar Tape 

SllO Adhesive 
-7 
rc 

(6 samples) 
-Merf ab Elements (2) 

Mylar/Merf ab/ 15 Mylar 
Groups 

-SllO Adhesive Wetted Edge 
Total Plys 
20 Poly 
12 Mylar 
32 Film Plys 

Two outer Merfab Elements orthogonal. - 
T116 I 
I 
(6  samples) 

Identical to T115 material with the addition of lap 
Cross seams in sample. 

T105 I 
(6 Samples) Identical to T105 as previously fabricated. 

T117 I 
(3 Identical to T109 as previously fabricated with the ad( 

ition of lap ,cross seams. (.25 mil Mylar to be used in 
Dlace of .15 mil Mvlar.) 

T118 I 
-J 

Identical to TllO as previously fabricated with the adc 
ition of lap cross seams. (.25 mil Mylar to be used 

(3 samples) 

in place of .15 mil Mylar.) 
T119 -Mylar Tape 

(3 samples) 5114 Adhesive 
I 

25 Mil Mylar C (30 Plys) L Alternating plys MI) at 90" 

Total Plys 
30 Mylar (.25 mil) 

T120 

(3 samples) 
1 

(Same as T119 except 10 plyspf- .25 mil MylarType C) 
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FIGURE 3.8 (Continued) 
SAMpI;E DETAILS 

SEA SPACE SYSTEXS, INC. 

I------ - aaylar/Poly/Mylar/Poly/ 
I - - - - -  Mylar - 4 Groups - - 

/Mylar C l o s i n g  Tape a t  Each Of 4 Groups Total  plys 

3 Xmex 
12 Mylar 
8 Poly - 

20 Film Ply:! .15 Mil Mylar C 

T122 1 /-%Mylar Tape 
(6 samples ) S l l O  Adhesive 

/- 

. 1  

-Merf ab Elements 

.5 Mylar/Merf ab/. 
6 Groups 

1 la] 

i v e  with Wetted Edge T o t a l  P ~ Y S  
' \ - - S l l O  

Outer Merfab Elentents ort 12 Mylar 
u) Poly 
7 

edge seamed w/S110 i v e  * 
( I d e n t i c a l  to T115) 32 Film P lys  

(5 CYLIlBDRICAL Material and edge seams same as T119 except 
Samp 1 es of .15 m i l  MjrTar Type C. 
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FIGURE 3.8 (Continued) 
SAMPJ-E DETAILS 

SEA SPACE SYSTENIS, WC. 

.15 M i l  
Mylar (12) - 

Same 88 T121 but without polyethylene p lys .  
Total  P lys  
12 Mylar 
3 Nkex 

T123 I ~ ~- I 
I d e n t i c a l  t o  sample above but  with cross seams. 

(5 samples) 

_ - - - - - -  
My1 ar /Pol  y/M y 1 -/Pol y/My lar 

(4 Groups) 
- - - - _ . - -  

_ - - _ - -  

Tota l  P lys  
1 2  Mvlar 

I d e n t i c a l  t o  T121 but  with cross seams. 
" 

9 Poly 
.15 m i l  My.3.ar C. 3 Nomex 

T127 /-Mylar Tape 
(5 samples) Adhesive ,-.5 M i l  Kapton (10) ----- 

----.I--- 

I -  
- 

C r o m  seams. 
Total P lys  
10 U p t o n  
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FIGURE 3.9 

SAMPLE DETAILS 
6 .  T. SCHJELDAHL 

T201 through T253 samples a r e  f u l l y  descr ibed i n  Table 3.3. 

--.----Nomex (2 m i l )  

Mylar (.25 mil)  

SllO Adhesive 

Total  Plys  

1 ply of Nomex wi th  cross seams butt-taped both s ides .  

T257 
(5 samples) Dacron Fabr ic  

2.2 02. 
I d e n t i c a l  t o  above sample but  with Dacron Fabr ic  2 .2  Oz. 

T258 1 Mylar Tape GT300 
(lo samples) 

/Mylar  .25 m i l  

Spunbonded Dacron 
(2 .2  oz Dacron f a b r i c )  

Tota l  P lys  
6 Mylar 

Cross seams. 5 Spunbonded Dacron 
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3.3 Evaluat ion and Tes t ing  Procedures 

A l l  ma te r i a l  samples were "run" through a s e r i e s  of inspec t ions  and t e s t s .  
The f a b r i c a t o r  of t h e  sample w a s  required t o  provide a l eak  t i g h t  sample 
which was only accepted a f t e r  having passed a permeabili ty check a t  Beech. 
Thus, each sample received a f i n a l  inspec t ion  a t  t h e  time of f a b r i c a t i o n  
by t h e  vendor, a rece iv ing  and acceptance inspec t ion  by Beech followed by 
ac tua l  t e s t i n g ,  The t e s t i n g  cons is ted  of an i n i t i a l  permeabili ty t e s t ,  a 
cryogenic f l e x i b i l i t y  t e s t ,  followed by a f i n a l  permeabili ty test and f a i l u r e  
ana lys i s ,  

The samples were f a b r i c a t e d  i n  accordance with a mater ia l  s p e c i f i c a t i o n  which 
described i n  d e t a i l  t h e  ma te r i a l  , laminat ion,  seaming, environmental condi- 
t i ons ,  inner  ply gas  environment, and packaging requirements,  The bas i c  
s p e c i f i c a t i o n  was modified f o r  d i f f e r e n t  ma te r i a l s  and f o r  d i f f e r e n t  f ab r i ca -  
t o r s .  D e t a i l s  of ma te r i a l s  and sample cons t ruc t ion  a r e  descr ibed i n  Sec t ion  
3.2.  

3.3.1 Receiving Analysis 

Upon r ece ip t  of t h e  f ab r i ca t ed  samples a t  Beech, they were inspected f o r  
appearance and conformity t o  t h e  spec i f i ca t ion .  Each specimen was ind iv idua l ly  
checked f o r  dimensional accuracy, th ickness  of mater ia l ,  seams, wrinkles  or 
f a b r i c a t i o n  d i s c o n t i n u i t i e s ,  An appra i sa l  was made of observable de fec t s  or 
discrepancies  which might be judged t o  have an e f f e c t  upon t h e  f l e x i b i l i t y  
t e s t i n g  t o  be performed. 

3 .3 .2  Permeabi l i ty  Tes t ing  

After  t h e  mater ia l  samples had been given a v i sua l  inspec t ion ,  they were then 
t e s t e d  f o r  helium gas permeabili ty a t  ambient temperature, i n  t h e  apparatus  
shown i n  Figures  3.10, 3.11, and 3.12. 

The permeabi l i ty  apparatus  c o n s i s t s  of an upper and lower p l a t e  between which 
t h e  mater ia l  samples are placed f o r  l eak  t e s t i n g ,  A pressure regulated source 
of helium is  provided t o  t h e  bottom p l a t e  and lower sur face  of the  specimen. 

Gas permeating through t h e  sample i s  c o l l e c t e d  by t h e  upper p l a t e .  Its 
presence i s  de tec ted  and volume measured a s  follows: 

1) Qua l i t a t ive  de t ec t ion  of extremely small volume by a 
mass spectrometer.  

2 )  Passage of gas through a tube,  i n se r t ed  i n  a conta iner  of 
water, t o  show formation of bubbles. 
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F I G K P i  3.10 

PERMEAB LL iTY FIXTVRE 
4" x 11" FLAT SAMPLES 

CLOSED FOR TEST 

3-3 I 
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FIGURE 3.11 

P&rnABILITY MEAsuREMFm SYSTEM 
(FLAT SAMPLES) 

Burette 

I 
Beaker and Water & 

G.E. H e  

Detector 

Material Sample I 
Top P l a t e  

Gaskets 

H e  Pressure J 

-Bottom 
P l a t e  

Manometer 
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FIGURE 3.12 

BURETTE 8z MAiTONETER FOR PERVEAB IL ITY VIASUREXEKT 
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3) S imi la r  t o  2) above except t h a t  bubbles a r e  co l l ec t ed  i n  a 
b u r e t t e  by displacement of water.  This  method was used f o r  
a p r e c i s e  measurement of gas volume permeating through t h e  
sample p e r  u n i t  time. 

The permeabi l i ty  f i x t u r e  was designed t o  a l s o  accept a 4-inch by 9 1/2-inch 
sample because of t h e  necess i ty  of c u t t i n g  o f f  t h e  ends of some samples t o  
remove t h e  heavy end seam and e l imina te  a source of sample f a i l u r e .  This  
was accomplished by t h e  manufacture of a secondary p a i r  of p l a t e s  which f i t  
t h e  shortened samples and clamp between t h e  o r i g i n a l  heavy p l a t e s  of t h e  
permeabili ty f i x t u r e .  

Samples were required t o  pass  a helium gas leakage test using t h e  above 
equipment. Samples were declared acceptable  i f  no bubbles of helium gas 
w e r e  observed during a three-minute period when pressurized t o  one psig.  

I f  t he  sample passed a l l  of t h e  i n i t i a l  inspec t ion  and permeabi l i ty  t e s t i n g ,  
it was then  q u a l i f i e d  f o r  Twist-flex t e s t i n g  i n  l i q u i d  n i t rogen  or l i q u i d  
hydrogen, which i s  descr ibed i n  Paragraph 3.3.3. Following t h e  f l e x i b i l i t y  
t e s t i n g ,  t h e  sample was again subjected t o  a s i m i l a r  permeabili ty t e s t  
providing it had not had a s p l i t t i n g  or gross  type of f a i l u r e  which would 
prevent t h i s  t e s t .  This second permeabili ty test used one of t h e  t h r e e  
methods of determining a leak  descr ibed above, depending upon t h e  s e v e r i t y  
of t h e  permeation or l eak .  A f a i l u r e  was def ined a s  helium bubbles wi th in  
a three-minute per iod with pressure d i f f e r e n t i a l  of one p s i .  

3.3.3 F l e x i b i l i t y  Tes t ing  

The samples which passed t h e  rece iv ing  ana lys i s  and permeabili ty check were 
then placed i n  an environmental condi t ioning chamber, shown i n  Figure 3.13, 
p r i o r  t o  ac tua l ly  being subjected t o  t h e  Twist-f lex test i n  l i q u i d  n i t rogen  
or hydrogen. The purpose of t h i s  chamber was t o  provide assurance t h a t  t h e  
samples were a l l  t e s t e d  under t h e  same condi t ions  of moisture content .  The 
chamber provided both a temperature and humidity con t ro l .  Af te r  removal from 
the  chamber, t h e  samples were i n s t a l l e d  i n  t h e  Twist-flex apparatus  for 
f l e x i b i l i t y  t e s t  i n  l i q u i d  n i t rogen  or l i q u i d  hydrogen. 

The Beech Twist-flex Apparatus was designed and developed t o  permit t h e  
cryogenic t e s t i n g  of ma te r i a l  samples i n  a manner s imulat ing t h e  f l e x i n g  
a c t i o n  t o  which ac tua l  bladder  ma te r i a l s  a r e  subjected during an expulsion 
cyc le .  The motion of t h e  Twist-flex Apparatus is  shown schematical ly  on 
Figure 3.14. 
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FIGURe 3 .14  

TWIST-FUX ACTION 

_ _  

IMPROVED ACTION * 

Bod P l a t e  
Clamps 

Vertical 

Material Sample 

Os c i  11 a t  i on 

Neutral 

1 s t  Quarter of Cycle 

U 
45' Counterclockwise 
3rd Quarter of Cycle 

-- 
*The "Original Action" ( a s  described i n  the  formal report for NASA Contract 
NAS9-513) d id  not inc lude  t h e  90' return c y c l e  as shown in  t h i s  i l l u s t r a t i o n .  
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The samples used f o r  t h e  f l e x i b i l i t y  test  were e i t h e r  f l a t ,  4 inches wide by 
11 inches long, or c y l i n d r i c a l  shaped, 3-1/2 inches i n  diameter by 4 inches 
high. The f l a t  sample is  formed i n t o  a cy l inde r  by wrapping t h e  mater ia l  
around t h e  c y l i n d r i c a l  end p l a t e s  and then  clamped i n  place.  The upper end 
p l a t e  r o t a t e s  through 90 degrees (45' each s i d e  of n e u t r a l ) .  This  r o t a t i o n  
is  accompanied by a cam-controlled v e r t i c a l  o s c i l l a t i o n  which tends  t o  follow 
t h e  co l laps ing- twis t ing  a c t i o n  of t h e  mater ia l  sample during ha l f  of t h e  
cyc le  but permits  a fo ld ing  and r o l l i n g  of t h e  mater ia l  during t h e  o the r  
ha l f  cyc le .  

The t e s t  apparatus  a s  shown on Figure 3.15 c o n s i s t s  of a l a r g e  p l ex ig l a s s  
enclosed chamber which allows the  opera t ing  t e s t  mechanism t o  perform t h e  
t e s t  cyc le  i n  a purged atmosphere. The mechanism is  cycled a t  9 RPM by an 
e l e c t r i c  motor which d r i v e s  a crank through a reduct ion gear  box. A 
connecting rod from t h e  crank p in  t o  t h e  o s c i l l a t i n g  s h a f t  causes a r o l l e r  
on t h e  sha f t  t o  follow a cam which i s  automatical ly  cycled under the  cam 
during one ha l f  of t h e  cyc le  and withdrawn during t h e  second h a l f ,  This  
a c t i o n  i s  d i r e c t l y  imposed onto t h e  upper end p l a t e  t o  which t h e  sample 
i s  at tached.  

Af te r  t h e  sample was a t tached  t o  t h e  end p l a t e s ,  t h e  sample was then  
submerged i n  t h e  cryogenic l i q u i d  and t h e  t w i s t  a c t ion  s t a r t e d .  The sample 
was observed during t h e  cyc l ing  and, i f  necessary,  t h e  dewar could be 
momentarily lowered f o r  a c l o s e  inspec t ion .  During t h e  hydrogen t e s t s  t h e  
e n t i r e  test  apparatus  was enclosed i n  a helium purge chamber. The sample 
was f lexed  f o r  a predetermined number of cyc les  or u n t i l  f a i l u r e  occurred. 

When some ind ica t ion  was given of a f a i l u r e  e i t h e r  through s p l i t t i n g  of t h e  
f i l m  or apparent leaks  through t h e  sample, t h e  cyc l ing  was stopped, t h e  dewar 
lowered and t h e  e n t i r e  end p l a t e  assembly removed from t h e  test apparatus.  
Test ing was o f t e n  stopped a t  a predetermined number of cyc les ,  based on t h e  
experience of s imi l a r  samples whose f a i l u r e  r a t e s  were known. The maximum 
number of cyc les  f o r  a sample without f a i l u r e  or o the r  c r i t e r i a  was 200 
cycles 

Following the  Twist-flex tes t ,  t h e  sample was returned t o  the  permeabi l i ty  
f i x t u r e  f o r  another permeabili ty test  t o  compare with t h e  test da t a  p r i o r  
t o  twis t - f lex ing .  I f  t h e  sample had gross f a i l u r e ,  a permeabili ty test  
was impossible and t h e  sample was sen t  t o  engineering f o r  f i n a l  ana lys i s  
and recording.  
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Cyl indr ica l  samples were handled d i f f e r e n t l y  from f l a t  samples only a s  
follows: 

11 The permeabi l i ty  test w a s  accomplished while t h e  sample 
was i n s t a l l e d  on t h e  Twist-f lex Apparatus p l a t e s .  
Permeabi l i ty  was noted by t h e  absence of bubbles through 
t h e  sample sur face  when 1/2 p s i  i n t e r n a l  pressure  of 
helium gas was appl ied.  A q u a n t i t a t i v e  measurement w a s  
not po s s i  b l  e 

F a i l u r e  caused by small  p in  holes  was determined by 
observing the  bubbles formed on t h e  sur face  of t h e  
sample. The twis t - f lex ing  was then  stopped and a 
determinat ion made f o r  continued cycl ing or removal 
of t h e  sample. 

Af te r  t e s t i n g ,  t h e  sample was returned t o  engineering 
f o r  f i n a l  ana lys i s  and recording of t he  da ta .  

During t h e  program, t h e  tw i s t - f l ex  apparatus was modified t o  inves t iga t e  
t h e  f e a s i b i l i t y  of continuous monitoring of t h e  c y l i n d r i c a l  samples 
permeation during cycl ing.  The modification, a s  shown i n  Figures  3.16, 
3.17, 3.18, 3.19, and 3.20 cons is ted  of a new upper s h a f t  and removable 
end p l a t e s .  The new sha f t  i s  a hollow tube with t h e  end p l a t e  a t tached 
and a u l l age  chamber is provided a t  t h e  top  f o r  minimizing the  pressure 
pu l sa t ions  caused by the  f l ex ing  ac t ion .  An equal iz ing pressure was 
furnished from a con t ro l l ab le  gaseous helium source.  This l i n e  had a 
manometer i n s t a l l e d  t o  maintain t h e  proper pressure and observe f luc tua-  
t i ons ,  i f  any, and t o  show when and i f  a gross  f a i l u r e  occurred. 

Further  improvements i n  t h e  opera t ion  included the  addi t ion  of a lower 
purge chamber and access  opening with covers t o  maintain t h e  helium 
purge a t  a l l  t imes.  The access  opening f o r  t h e  i n s t a l l a t i o n  of t h e  
sample and end p l a t e s  were equipped with f l e x i b l e  s leeves  so t h a t  t h e  
opera tor  could reach through t h e  openings without l o s s  of t h e  purge gas .  

The test procedures e s t ab l i shed  the  requirement t o  determine t h e  r e l a t i o n s h i p  
between t h e  permeation rate and t h e  number of cyc les .  Great d i f f i c u l t y  was 
experienced i n  observing d i r e c t  c o r r e l a t i o n  because of t h e  random t y p e  of 
f a i l u r e s  which prevented judgement i n  determining t h e  number of cyc les  f o r  
succeeding samples. The f l a t  samples required t h a t  t h e  sample be removed 
a f t e r  t h e  Twist-flex t e s t  and t h e  permeation r a t e  determined. Because t h e  
gross  f a i l u r e s  occur a t  an unpredictable  number of cyc les  without producing 
a t rend,  t h e  accomplishment of t h i s  goal was not e a s i l y  achieved. 
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FIGURF: 3.15 

TWIST-FLEX APPARATUS 
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FIG- 3.20 
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WITH PEFQ'IEABILITY MEASURING SYSTEM. 
TWIST-FL&X INSTALLATION 

Fl Analyzer /XI/ Analyzer 

Detector 'p 
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The tw i s t - f l ex  test apparatus  was loca ted  i n  a l i q u i d  hydrogen f a c i l i t y  con- 
t a i n i n g  two 7000-gallon l i q u i d  hydrogen dewars and one 5000-gallon l i q u i d  
n i t rogen  dewar. These f l u i d s  were t r a n s f e r r e d  d i r e c t l y  t o  t h e  tw i s t - f l ex  
apparatus  through a s y s t e m  of l i n e s  and valves  capable of c o n t r o l l i n g  t h e  
f i l l i n g  of t h e  4 3 - l i t e r  tes t  dewar w i t h  e i ther  l i q u i d .  
was conducted from i n s i d e  a cont ro l  room through the use  of remote con t ro l  
valves ,  The b o i l  off and vented gas  w a s  conducted out  of t h e  test  a rea  through 
a 4-inch copper vent pipe through t h e  roof and c l e a r  of t h e  a rea .  

The a c t u a l  opera t ion  

A ni t rogen  gas purge was maintained during non-use of t h e  tes t  apparatus .  
During use, it was expected t h a t  t h e  hydrogen boil-off would be vented through 
t h e  dewar cover vent but a c t u a l  p r a c t i c e  showed t h e  necess i ty  of t h e  helium 
purge t o  e l imina te  a l l  p o s s i b i l i t y  of n i t rogen  gas condensation and f r o s t  on 
and i n  t h e  dewar. 

The oxygen content of t h e  purge chamber was monitored p r i o r  t o  each t e s t  by 
means of a GOW-MAC Oxygen Analyzer. A pos i t i ve  helium purge was maintained 
t o  prevent t he  entrance of a i r  during ac tua l  t e s t i n g .  

3 .3 .5  F ina l  Analysis 

Analysis of t h e  mater ia l  t e s t  r e s u l t s  was a cont inuing e f f o r t  immediately 
following t h e  removal of t h e  sample from the f i n a l  permeabili ty tes t .  
Engineering judgement was required from sample t o  sample i n  order  t h a t  t h e  
most e f f i c i e n t  and e f f e c t i v e  use was made of each succeeding sample. 

The samples ordered from Sea Space Systems, Inc. ,  involved t h e  f a b r i c a t i o n  
of groups of 12 samples of four  d i f f e r e n t  ma te r i a l s  t o  be t e s t e d  before  a 
dec is ion  w a s  made a s  t o  t h e  next group t o  be f ab r i ca t ed .  The purpose of 
t h i s  arrangement made poss ib le  t h e  improvement of samples by changing t h e  
mateGia1 cons t ruc t ion  based upon t h e  f a i l u r e  ana lys i s  of previous group. 1 

Toward the  end of Task I,  a s e l e c t i o n  of t h e  bes t  mater ia l  composites, 
f a b r i c a t i o n  processes,  and seaming techniques was made, based upon a t o t a l  
ana lys i s  of t h e  t e s t  r e s u l t s  of a l l  samples t e s t e d .  The planned goal  f o r  
Task I w a s  t h e  s e l e c t i o n  of f i v e  mater ia l  composites for use  i n  f a b r i c a t i n g  
bladders  e 

A l l  samples from t h e  G .  T. Schjeldahl  Company were ordered a t  one t i m e  
s ince  the mater ia l  composites could be determined i n  advance and t h e  
f a b r i c a t i o n  processes  were considered e s t ab l i shed  procedure. 
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The Boeing Company order  cons is ted  of 4-inch by 11-inch .25 m i l  Mylar C 
samples cu t  from thermally formed hemispheres. Only t h r e e  samples were 
permitted from any one hemisphere. 
samples, they were combined i n t o  t h r e e  samples of f i v e  plys  each and 
f i v e  s i n g l e  p l y  samples with t h e  ends sealed by NASA-LeRC. 

Engineering and Development Company's work on u l t r a s o n i c  seaming r e s u l t e d  
i n  n ine t een  add i t iona l  samples being made ava i l ab le  f o r  t e s t i n g  even though 
t h e  primary purpose of t h e  program was t o  determine i f  t h i s  method was 
p r a c t i c a l  f o r  1/4 m i l  Mylar and not t o  o b t a i n  samples. 

Following r ece ip t  of t hese  twenty 

Approval of Mater ia l s  

Approval of t h e  mater ia l s ,  composites and design concepts was obtained from 
NASA-Lewis program manager a f t e r  consu l t a t ion  with f a b r i c a t o r s  and i n  con- 
s i d e r a t i o n  of t h e  l i m i t a t i o n  of t h e  cos t  and time a s  ou t l ined  i n  t h e  
Statement of Work. The reduct ion i n  the  number of samples des i red  from 
1600 t o  approximately 577 was achieved by e l imina t ing  l i q u i d  n i t rogen  t e s t i n g ,  
a l l  1/2 m i l  Mylar samples, except for Kapton samples and reducing t h e  
number of samples of any one composite. 

. 
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3.4 Twist-Flex T e s t  Data 

This  s ec t ion  conta ins  a l l  of t h e  da t a  obtained on each of t h e  f l a t  and 
c y l i n d r i c a l  mater ia l  samples t e s t e d  i n  Task I., with t h e  exception of 
samples t e s t e d  i n  s p e c i f i c  s t u d i e s  reported i n  Sec t ion  3.5,  3.6,  3.7,  
3-8, and 3 ,9 .  

A l l  samples were coded d i r e c t l y  using an i d e n t i f i c a t i o n  number def in ing  
source, composite, and sample. 

3 . 4 , 1  Sample Coding 

T l O O  S e r i e s  from t h e  Sea Space Systems, Inc.  

The samples (Table 3 ,2 )  made by Sea Space cons is ted  of .15 m i l  Mylar, . l o  m i l  
polyethylene,  40 denier  HT (Nylon) f i b e r s ,  Nomex paperp SllO and 5114 adhesives 
i n  var ious combinations. The samples vary both i n  t h e  number of plys ,  mater ia l ,  
adhesive appl ica t ion ,  type of seams, use  of f i l aments ,  and a r e  f ab r i ca t ed  wi th in  
these  l i m i t a t  ions  II 

"200 S e r i e s  from t h e  G. T .  Schjeldahl  Coo 

The samples (Table 3 .3)  made by t h e  Schjeldahl  Company cons i s t  of .25 m i l  
Mylar, Kapton, Nomex paper, Dacron f a b r i c ,  GT tapes ,  and Pliobond adhesive 
i n  var ious combinations. These samples were used t o  inves t iga t e  hor izonta l  
and v e r t i c a l ;  b u t t  and lap-type seams. 

T400 S e r i e s  from t h e  Engineering and Development Coo 

These samples were s i n g l e  p lys  of .25 m i l  Mylar C i n  which an u l t r a s o n i c  
l a p  seam was placed down t h e  hor izonta l  or v e r t i c a l  f ace  of t h e  sample, 
The hor izonta l  seams were placed i n  4" x 11" samples and t h e  v e r t i c a l  seams 
i n  4" x 4" samples which were t e s t e d  two a t  a t i m e .  

TM S e r i e s  were furnished by NASA-Lewis Research Center 

Samples furnished by NASA-LeRC a r e  categorized i n  t h i s  s e r i e s  of l e t t e r s ,  
The I ' M 1  samples were 10 p l y  .25 m i l  Mylar C i n  which GT-300 t ape  had been 
used t o  seal t h e  edges, The TN2 samples were constructed of both Mylar 
and "spun-bonded" Dacron paper 

TC S e r i e s  

The TC s e r i e s  were .5 m i l  Mylar Type C samples represent ing  t h e  f i r s t  group 
of tw i s t - f l ex  con t ro l  samples. 
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3 .4 .2  Preliminary Sample T e s t s  

Tes t  Resul t s  

Preliminary t e s t s  (performed i n  LH 1 were run on t h e  modified tw i s t - f l ex  
apparatus p r i o r  t o  i n s t a l l i n g  any o f f i c i a l  program samples. The samples 
used i n  these  tests were a l l  - 5  m i l  Mylar Type C, 4 inches by 11 inches 
i n  s i z e  and i n s t a l l e d  i n  t h e  manner descr ibed i n  Paragraph 3.3.3. The 
purpose of t hese  t e s t s  was t o  check out  t h e  tw i s t - f l ex  apparatus .  

2 

Preliminary Samples 

SAMPLE 
NUMl3ER 

TCl -1  

TC1-2 

TC1-3 

TC1-4 

TC1-5 

TC1-6 

T61-7 

TC1-8 

TC1- 9 

T C l t l O  

TC1-11 

TC1-12 

NO. CYCLES 
TESTED 

5 

10 

25 

10 

25 

5 

5 

10 

25 

REMARKS 

Or ig ina l  Action - Leakage more than  5 bubbles per 
second 

Leakage more than 2 bubbles per second. 

S p l i t  2/3rd t h e  way along t h e  11" sample dimension. 
Complete break upon removal from apparatus.  

Sample not t e s t e d .  

Leakage 2 bubbles pe r  second. 

Leakage 1 bubble per second. 

Sample not t e s t e d ,  

Sample not t e s t ed .  

Or ig ina l  Action - Leakage 52 cc/min by b u r e t t e .  

Leakage i n  excess of measurement c a p a b i l i t y .  

Leakage i n  excess of measurement c a p a b i l i t y ,  

Leakage i n  excess of measurement c a p a b i l i t y .  

The r e s u l t s  of t hese  tests showed t h a t  t he  modified apparatus was not 
imposing any unusual condi t ions .  
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3 . 4 , 3  Summaries of Twist-Flex Mater ia l  Sample Tes t s  
Sea Space Systems, Inc. 

A l l  samples t e s t e d  and reported on i n  t h i s  s e c t i o n  have been t e s t e d  i n  
l i q u i d  hydrogen except f o r  par t  of t h e  - 5  m i l  Kapton samples T209, T210, 
T211, which w e r e  t e s t e d  i n  l i q u i d  ni t rogen.  

T l O l  DescriDtion 

30 p l y s  of . l o  m i l  polyethylene 
P l a i n  f i l m  - no seams 
Thermally sea led  with t ape  around a l l  edges 

Test Summarv 

This  mater ia l  and edge seaming method showed t h e  most f l e x i b i l i t y  i n  
handling s ince  t h e r e  was no build-up of th ickness  a t  t h e  seams. Apparently 
a r e in fo rc ing  ply of scrim ma te r i a l s  i s  needed t o  he lp  e l imina te  t h e  t ea r ing .  

T102 Descr ipt ion 

30 p l y s  of .15 m i l  Mylar C 
P l a i n  f i l m  - no seams 
Edges seamed with S114 adhesive between each ply 

Test  Summarv 

The extremely heavy edge seams, caused by t h e  build-up of adhesive between 
each of t h e  30 p l y s  and c los ing  tape,was approximately 48 m i l s .  Th is  
th ickness  cannot be t o l e r a t e d  a t  cryogenic temperatures.  

T103 Descr ip t ion  

30 p l y s  of a l t e r n a t i n g  f i l m s  of -10 m i l  Poly and .15 m i l  Mylar C 
P l a i n  f i l m  - no seams 
Edges seamed between p l y s  with SllO adhesive 
Closing tape  sea led  with 5114 adhesive 

Test Summary 

The edge seam of t h e s e  mater ia l  samples was q u i t e  t h i c k  but not a s  s t i f f  
a s  T102. The mater ia l  was very  f l e x i b l e  and cyc le  l i f e  shows some promise. 
The edge seams must be reduced i n  th ickness  and i n  s t i f f n e s s  t o  improve 
t h i s  mater ia l .  
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3 .4 .3  Summaries of Twist-Flex Mater ia l  Sample T e s t  (continued) 

T104 Descr ipt ion 

30 p l y s  of .10 m i l  polyethylene and .15 m i l  Mylar C 
Between t h e  . l o  m i l  Poly f i l m  a r e  40 denier  I€l' f i b e r s  on 1/8" cen te r s  
Between any two Poly f i lms  i s  a .15 Mylar f i l m  
Outer f i l m s  a r e  .15 Mylar 
Edges seamed between Poly and Mylar with S l l O  adhesive 
Closing t a p e  sea led  with S114 adhesive. 

This  mater ia l  appeared t o  be t h e  most s a t i s f a c t o r y  of t h e  four  ma te r i a l s  
t e s t e d  of t h i s  group. Improvement i n  t h e  adhesive or seaming method t o  
reduce t h e  s t i f f n e s s  and some v a r i a t i o n s  of lamination order  of p l y s  may 
improve t h i s  mater ia l .  

T105 Descr ipt ion 

S imi la r  t o  T l O l  wi th  add i t ion  of f i b e r s  
30 p lys  of . l o  m i l  polyethylene assembled i n t o  15 Merfab 

Edges seamed with SllO adhesive between each p l y  
Closing tape  around edges of sample 

elements with 40 denier  €IT. (nylon) f i b e r s  1/8" on c e n t e r s  

T e s t  Summary 

Excel lent  appearing mater ia l  with wrinkled but s o f t ,  smooth surf  ace. 
Edge seams and mater ia l  f l e x i b l e ,  Very s a t i s f a c t o r y  except f o r  t h e  high 
permeabili ty following t e s t i n g ,  S p l i t t i n g  of f i l m  apparently on ou te r  
plys ,  although permeabi l i ty  might i nd ica t e  s p l i t s  i n  a l l  f i l m  p l y s .  Some 
of t h e  Tl05 samples were a l s o  t e s t e d  i n  Sec t ion  3 .9 .2 ,  
Inter-Ply In f l a t ion" .  

"Test Resul t s  of 

T106 DescriDtion 

Iden t i ca l  t o  '1'105 with t h e  addi t ion  of . lo  m i l  polyethylene f i l m  

30 plys  of polyethylene 
Edges seamed with S l l O  adhesive and taped 

p l y  between each Merfab element 

Test  Summary 

Appearance i d e n t i c a l  t o  '1'105 and r e s u l t s  very s imi l a r .  Permeabili ty 
r e l a t i v e l y  high. Addition of Mylar f i lm  ply would reduce permeabi l i ty .  
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3.4.3 Summaries of Twist-Flex Material Sample Test Data (continued) 

T107 Description 

Identical to T104 except edges of plys wetted with adhesive 
SllO adhesive used 
Closing tape 

Test Summary 

Extremely soft, smooth and flexible material and edge seams. Permeability 
improved over other pure polyethylene samples by the addition of Mylar film. 

T108 DescriDtion 

30 plys of film total consisting of 12 plys of -15 mil Mylar and 
16 plys of .lo polyethylene 

Two outside plys of Merfab elements 
Four groups of aLt ernat ing Mylar/Poly/Mylar/Poly/Mylar 
S114 closing tape and adhesive 
SllO adhesive between selected plys 

Test Summary 

Extremely soft, smooth and flexible material and edge seams. Permeability 
extremely low 

T109 DescriDtion 

30 plys of .15 mil Mylar C 
Each ply 90 degree machine direction 
SllO adhesive between plys at edges 
S114 closing tape and adhesive 

Test Summary 

Typical Mylar multi-ply sample with good permeability following twist-flex 
testing. Seam extremely flexible. 

TllO Description 

Same as T109 except 10 plys of -15 mil Mylar C. 

Test Summary 

Typical Mylar multi-ply sample with good permeability following twist-flex 
testing. Seam extremely flexible. 
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3.4.3 Summaries of Twist-Flex Material Sample Test Data (continued) 

Tlll Description 

A 30 ply sample composed of 14 plys of .15 mil Mylar C and 

Outer plys Mylar 
Inner plys alternating Merfab elements with Mylar films 

16 plys of .10 mil polyethylene 

Test Summary 

Extremely soft, smoo$h and flexible material and edge seams. Permeability 
higher than some other pure Mylar samples, otherwise similar. 

T112 DescriDtion 

Same as Tlll except only 6 Mylar and 8 Poly films 
Inner plys grouped into two groups of Mylar/Merfab/Mylar 

Test Summary 

Same as Tlll analysis. 

T113 Description 

Three Nomex plys and 8 film plys 
.15 mil Mylar, Merfab element 
SllO adhesive between plys at edges 
S114 closing tape and adhesive 

Test Summarv 

Excellent appearing material without any serious damage. 
apparently not affected according to second permeability reading. 

Mylar films 

T114 Description 

Three Nomex plys and 20 film plys consisting of 12 Mylar .15 mil 
and 8 polyethylene .10 mil 

SllO adhesive between plys 
S114 adhesive and closing tape 

Test Summary 

Excellent appearing material without any serious damage. 
apparently not affected too seriously by flexing as shown by second 
permeability readings. 
tional film plys. 

Mylar films 

Material more bulky than T113 because of addi- 
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3.4 .3  Summaries of Twist-Flex Mater ia l  Sample Test  Data (continued) 

T115 Descr ipt ion 

Two ou te r  Merf ab elements; Orthogonal, Sl lO adhesive between 
p lus  s i x  groups of -15  Mylar/Merfab/.15 Mylar jo ined  only 
by Sl lO wetted edges and c los ing  Myla r  t ape .  

T e s t  Summary 

A s o f t ,  f l e x i b l e  mater ia l  i n  which t h e  Orthogonal f i b e r s  a r e  v i s i b l e  through 
a l l  of t h e  l a y e r s  of f i lm.  
f 1 ex t e s t  ing * 

Exceptionally good condi t ion  following t w i s t -  

T116 Descr ipt ion 

Iden t i ca l  t o  T115 mater ia l  with t h e  addi t ion  of c ros s  seams i n  sample. 

Tes t  Summarv 

Appearance and r e s u l t s  s imi l a r  t o  T115 with t h e  c ros s  seams producing no 
se r ious  changes. S p l i t t i n g  apparently i n  ou te r  p lys  only.  

T117 Descr ipt ion 

30 p lys  of .25 m i l  Mylar 
C r o s s  seams 
Sl lO between p lys  
S114 c los ing  t apes  

Test Summary 

Very bulky sample with 30 plys  of Mylar. 
with very good permeabili ty and f l e x i b i l i t y  unless  complete s p l i t t i n g  
f a i l u r e  occurs  which des t roys  t h e  e n t i r e  sample. 

Exhib i ted . typ ica1  Mylar r e s u l t s  

T118 Descr ipt ion 

10 p l y s  of -25  m i l  Mylar 
C r o s s  seams 
SllO between p lys  
5114 c los ing  tapes  

Test  Summary 

S p l i t t i n g  of end caps most s e r ious  problem i n  t h i s  sample. 
not measurable when a l l  f i lms  s p l i t  i n t o  f i e l d  of sample. 

Permeabili ty 
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Summaries of Twist-Flex Mater ia l  Sample T e s t  Data (continued) 

30 p l y s  of .25 m i l  Mylar 
Sl lO adhesive on edge seams 
S114 c los ing  t apes  

T e s t  Summary 

Excel lent  resu l t s  with low permeabi l i ty  and no s p l i t t i n g  which occurred on 
s imi l a r  T117 samples with c ros s  seams. Conclusion is  not possible ,  however, 
t h a t  seams were t h e  cause of t h e  d i f f e rence  i n  r e s u l t s .  

T120 DescriDt ion  

10 plys  of .25 m i l .  Mylar 
Sl lO adhesive 
S114 c los ing  tapes  

Test Summarv 

Typical Mylar resu l t s .  Good permeabili ty with multi-ply f i lms  un le s s  
s p l i t t i n g  occurs which f requent ly  a f f e c t s  a l l  p lys .  

T121 Rescr ip t ion  

3 Nomex p l y s  and 20 f i l m  p l y s  (12 p lys  of .15 m i l  Mylar C and 

Sl lO between edge seam plys  
S114 a t  c los ing  tapes  

8 p lys  of . l o  m i l  polyethylene) 

T e s t  Summarv 

Excel lent  r e s u l t s  with f l e x i b i l i t y  and s t r eng th  with low permeabili ty 
following tw i s t - f l ex  t e s t i n g  with good cyc le  l i f e ,  

T122 Descr ipt ion 

Iden t i ca l  t o  T115 with addi t ion  of cross seams. 

Test  Summary 

Sof t ,  f l e x i b l e ,  somewhat bulky mater ia l  but wi th  good c h a r a c t e r i s t i c s ,  
Resul t s  of permeabi l i ty  ind ica t e  s p l i t t i n g  only on a few sur face  f i lms .  
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3 .4 .3  

T123 Descr ipt ion 

Summaries of Twist-Flex Mater ia l  Sample Test  Data (continued) 

30 p l y s  of .15 m i l  Mylar C 
Cylinder 3/14" diameter x 4" 
Cross l a p  seam 

Test  Summary 

The cy l inder  conf igura t ion  shows more se r ious  and e a r l y  f a i l u r e  due t o  t h e  
r e s t r i c t  i on  of t h e  ma te r i a l  e 

T124 Descr ipt ion 

12 p lys  of .15 m i l  Mylar C and 3 plys  of Nomex (2 mil)  without 
c ros s  seams. 

Test Summary 

Very good f l e x  and permeabili ty performance; however, samples a r e  without 
c ros s  seams, A l s o  s ee  da t a  f o r  T125. 

T125 DescriDtion 

12 p lys  of -15  m i l  Mylar C and 3 p l y s  of Nomex (2 mil)  with l a p  
t y p e  c ros s  seams, 1/2" wide. 

T e s t  Summary 

Good f l e x  and permeabili ty performance desp i t e  p e r s i s t e n t  seam f a i l u r e s  
i n  Nomex (apparent ly  i n s u f f i c i e n t  adhesive) .  Seams i n  Nomex not acceptable  
without add i t iona l  development 

T126 Descr ipt ion 

3 Nomex p lys  and 20 f i l m  p lys  (12 p lys  of .15 m i l  Mylar C and 

Lap type c r o s s  seam - 1/2" wide 
8 p l y s  of .10 m i l  Polyethylene) 

T e s t  Summarv 

Generally very shor t  f l e x  l i f e  t o  point  of advanced d e t e r i o r a t i o n  and 
inc ip i en t  seam f a i l u r e .  

NOTE: These samples exh ib i t  very i r r e g u l a r  l a p  seams. 
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3.4.3 Summaries of Twist-Flex Mater ia l  Sample T e s t  Data (continued) 

T127 Descr ipt ion 

10 p l y s  of .5 m i l  Kapton with c los ing  tape  of Mylar and S114 adhesive 
Lap type c r o s s  seams - 1/2" wide 

T e s t  Summary 

Very poor f l e x  performance suggesting t h a t  Kapton should not be used without 
s u b s t r a t e  p l y s .  

Conclusions 

Figure 3.21 shows t h e  r e s u l t s  of permeabi l i ty  t e s t i n g  f o r  a l l  Sea Space 
Systems, Inc.  , mater ia l  samples. This  comparison provides an ind ica t ion  
of which ma te r i a l s  have the  lowest permeabi l i ty  a f t e r  tw i s t - f l ex  t e s t i n g .  
It i s  necessary,  however, t o  r e l a t e  cyc le  l i f e  t o  permeabi l i ty  i n  order  
t o  s e l e c t  t he  most s a t i s f a c t o r y  composite, 

The damage to  t h e  mater ia l  can only be judged by not ing t h e  condi t ion  of 
each sample a s  descr ibed a f t e r  each sample i n  test da ta  of Appendix A. 
A sample with heavy or s t i f f  edge seams o f t e n  cause a f a i l u r e  of an en t i r e  
sample by i n i t i a t i n g  a s p l i t  from t h e  edge i n t o  t h e  f i e l d  of t h e  sample. 
This  i s  not necessar i ly  ind ica t ive  of a poor mater ia l  but poor edge seam. 
This  occurred i n  T101, T102, T103, T104, and was cor rec ted  i n  l a t e r  
samples 

A l l  samples furnished by Sea Space Systems, Inc . ,  w e r e  extremely s o f t  and 
f l e x i b l e  except f o r  t h e  f i r s t  group with heavy edge seams. 

The polyethylene f i l m  was found t o  be highly permeable and the re fo re  t h e  
need f o r  b a r r i e r  p lys ' o f  Mylar or Kapton was apparent.  The poly or Merfab 
mater ia l  appeared t o  o f f e r  some s u b s t r a t e  value of s t r eng th  and body t o  
improve q u a l i t i e s  of a composite. Nomex and Dacron s u b s t r a t e s  a l s o  
o f f e red  somewhat s imi l a r  value but were s t i f f e r  and provided b e t t e r  abrasion 
r e s i s t ance .  (Ref 1 2 , W  

The seamed samples d id  not perform a s  well  a s  t h e  p l a in  samples and 
r e s u l t e d  i n  lower cyc le  l i f e  and higher  permeabi l i ty .  The p l a i n  Mylar 
samples, T109 and T119, with 30 plys  of -15  and .25 m i l  Mylar C exhib i ted  
t h e  bes t  all-around performance of low permeabi l i ty  and high cyc le  l i f e .  
T l l O  with 10 plys  of Mylar ran  a c l o s e  second i n  accep tab i l i t y  and T114 
and T121 showed many good c h a r a c t e r i s t i c s ,  
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Summaries of Twist-Flex Mater ia l  Sample T e s t  Data (continued) 

The add i t ion  of c ros s  seams t o  samples of T126 (Roly/Mylar/Nomex) has r e su l t ed  
i n  performance f a r  below t h a t  obtained f o r  t h e  samples without c ros s  seams 
(T121). Seam separa t ion  i n  the  Nomex p l y s  is  t h e  primary f a i l u r e  mode but 
was not i d e n t i f i e d  a s  being a problem with Mylar b a r r i e r  p lys .  

Seam separa t ion  problems i n  t h e  T125 (0.15 Mylar/Nomex) samples r e su l t ed  i n  
poor performance of those  samples i n  comparison t o  o t h e r  Nomex-Mylar combina- 
t i o n s  such a s  T238 (Schjeldahl  bladder Type 1 mate r i a l ) .  The very poor per- 
formance of T127 samples f u r t h e r  demonstrates t h a t  t h e  f l e x  c h a r a c t e r i s t i c s  
of Kapton a r e  such t h a t  it should not be used without s u b s t r a t e  p lys .  

The s e l e c t i o n  of t h e  var ious ma te r i a l  composite from Sea Space was done 
t o  determine t h e  bes t  arrangement of Polyethylene, Merfab, Mylar, Kapton 
with Nomex and Dacron, 

The f i n a l  mater ia l  recommendations a r e  given i n  Sec t ion  3.10.7.  

Detai led t e s t  da t a  on each ind iv idua l  sample may be found i n  Appendix A. 

3-.4.4 Summaries of Twist-Flex Material  Sample T e s t  Data 
G ,  T. Schjeldahl  Co. 

T201 Descr ipt ion 

5 p lys  of .25 m i l  Mylar C 
Edges seamed toge ther  with GT 100 adhesive 
GT 300 c los ing  tape  

Test Summary 

The<majori ty  of t hese  samples f a i l e d  by t h e  s p l i t t i n g  of t h e  f i l m  from t h e  
ends toward t h e  cen te r .  The reduct ion of t h e  width of t he  end seam did  
not appear t o  con t r ibu te  t o  t h e  success of t h e  t e s t i n g  of t hese  samples. 
The adhesive extruded out  beyond t h e  1/2" seam i n t o  t h e  f i e l d  of t h e  sample. 
The e f f e c t  of t h e  heat  appl ied t o  t h e  seam appeared t o  wrinkle t h e  mater ia l  
adjacent t o  t h e  seam. I t  i s  poss ib l e  t h a t  t h e  heat changed t h e  physical  
c h a r a c t e r i s t i c s  of t h e  f i lm.  

The seaming method uses  heat  and pressure  and causes t h e  multi-ply sample 
t o  become a s i n g l e  p l y  a t  t h e  seam of approximately 8 t o  9 m i l s .  Mylar 
i n  t h i s  th ickness  i s  not capable of withstanding t h e  f l ex ing  required a t  
t he  edge seam. 
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T202 Descr ipt ion 

Summaries of Twist-Flex Mater ia l  Sample Test  Data - G. T .  
Schj e ldahl  Co a 

Same as T201, except 10 p l y s  of .25 m i l  Myla r  C 
Edges seamed toge ther  with GT 100 adhesive 
GT 300 c los ing  t ape  

Test  Summary 

The m a j o r i t y  of t hese  samples f a i l e d  by t h e  s p l i t t i n g  of t h e  f i l m  from the  
ends toward t h e  cen te r .  
edges a t  t h e  ends. Only t h e  samples t h a t  d id  not s p l i t  i n t o  t h e  f i e l d  of 
t h e  sample were t e s t e d  f o r  permeabi l i ty  a f t e r  f l e x  t e s t i n g .  
of t h e  width of t h e  end seam did  not necessar i ly  ind ica t e  improvement s ince  
t h e r e  was a l imi t ed  number of samples t e s t e d  i n  t h i s  manner, The seams 
must be improved f o r  t h i s  mater ia l  t o  be s a t i s f a c t o r y .  

S p l i t s  were genera l ly  near  t h e  upper and lower 

The reduct ion 

T203 Descr ipt ion 

5 p lys  of -25 m i l  Mylar C 
Edges seamed with GT 100 adhesive 
Horizontal  and v e r t i c a l  seams i n  f i e l d  
B u t t  seams taped one s i d e  
GT 300 c los ing  t ape  

Test Summarv 

Many of t hese  samples f a i l e d  by t h e  s p l i t t i n g  of t h e  f i l m  from t h e  ends 
toward t h e  cen te r .  S p l i t s  occurred near t h e  upper and lower edges a t  
t h e  ends. The samples with t h e  end seams removed showed the  best  r e s u l t s  
with only t h e  o u t e r  ply s p l i t t i n g .  Permeabili ty da t a  was poss ib le  on 
severa l  of t h e  samples i n  t h i s  group. The hor izonta l  and v e r t i c a l  seams 
d id  not appear t o  inf luence  t h e  r e s u l t s .  

T204 Descr ipt ion 

5 P lys  of -25  m i l  Mylar C 
Edges seamed with GT 300 adhesive 
Horizontal  and v e r t i c a l  seams i n  f i e l d  
Lap seams using GT 100 tape  
GT 300 c los ing  t ape  
Ends seamed a s  noted 

Test Summarv 

Samples,with end seams f a i l e d  with t h e  s p l i t t i n g  of t h e  sample f r o q t h e  
end i n t o  t h e  f i e14  preventing any permeabi l i ty  check. The samples with 
GT 300 tape  end sea l ing  d id  not s p l i t  a t  t h e  ends, but had considerable  
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FIGURE 3.21 
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3.4-4  Summaries of Twist-Flex Mater ia l  Sample T e s t  Data (continued) 

f i l m  s p l i t t i n g  i n  t h e  f i e l d  of t h e  sample. The s p l i t t i n g  was random and 
extended across  t h e  seams or adjacent  t o  t h e  seams. N o  conclusions can be 
drawn regarding t h e  cause of t h e s e  f a i l u r e s .  

T206 Descr ipt ion 

10 p lys  of -25 m i l  Mylar C 
Edges seamed with GT 100 adhesive 
Horizontal  and v e r t i c a l  seams i n  f i e l d  
GT 300 c los ing  t a p e  
Butt seams taped on one s i d e  
Ends seamed a s  noted 

Test Summarv 

The f a i l u r e s  on t h e  samples with .06" width end seams a r e  i d e n t i c a l  t o  those 
occurr ing on a l l  o the r  samples with seam of any width. The f a i l u r e s  s t a r t e d  
a s  a s p l i t t i n g  of t h e  end near t h e  t o p  or bottom edge and extend i n t o  t h e  
f i e l d  of t h e  sample. The f a i l u r e s  of t h e  samples with t h e  end seams cu t  
off  cons is ted  of s p l i t t i n g  of one or more p l y s  from t h e  edge and f requent ly  
extending many inches i n t o  t h e  sample. Complete s p l i t t i n g  of a l l  p l y s  did 
not occur 

T206-1 through -4 were t e s t e d  a s  o r i g i n a l l y  received from Schjeldahl  with a 
very r i g i d  end seam and r e s u l t s  proved ea r ly  f a i l u r e  through s p l i t t i n g  of 
ends. The group -5 through -9 had t h e  o r i g i n a l  end seam cut  o f f  and were 
then  reseamed on t h e  ends by wrapping a GT 300 tape  around and heat  s ea l ing  
with impulse s e a l e r .  The r e s u l t s  a r e  b e t t e r  although s p l i t t i n g  s t i l l  
occurred e 

T207 Descr ipt ion 

10 p lys  of .25 m i l  Mylar  C 
Edges seamed with GT 100 t ape  
Horizontal  and v e r t i c a l  seams i n  f i e l d  
GT 300 c los ing  tape  
Lap seams using GT 100 adhesive 
Ends seamed a s  noted 

T e s t  Summary 

F a i l u r e s  occurred a s  s p l i t t i n g  of t h e  f i l m  from t h e  cen te r  or f i e l d  of t he  
sample. There d id  not appear t o  be any f a i l u r e s  from t h e  end with t h e  
except ion of one ply of -3. The change of t h e  point  of f a i l u r e  from t h e  
end s p l i t t i n g  t o  f i e l d  o r ig ina t ed  s p l i t t i n g  i n  t h i s  group of samples, i s  
not e a s i l y  explained 
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Fa i lu re s  occurred a s  s p l i t t i n g  of t h e  f i l m  from t h e  center or f i e l d  of t h e  
sample. There d id  not appear t o  be any f a i l u r e s  from t h e  end with t h e  
exception of -7 which had a 1/2-inch s p l i t  through end. The change t o  s e a l  
t h e  ends with GT 300 t ape  d id  not change t h e  type of f a i l u r e  a s  found i n  
the  f i r s t  group -1 through -5. 

Some of t h e  T207 samples were a l s o  t e s t e d  i n  Sec t ion  3. 9 - 2  "Tes t  R e s u l t s  
of t h e  Inter-Ply In f l a t ion" .  

T208 Descr ipt ion 

5 P lys  of .25 Mylar C 
F l a t  sample with hor izonta l  seams 
Butt  seams using Pilobond 20 with t ape  
Ends seamed a s  noted 

T e s t  Summary 

A l l  samples t e s t e d  produced s p l i t t i n g  of a t  l e a s t  t h e  f r o n t  s i n g l e  p l y  
usua l ly  above t h e  hor izonta l  seam and not through t h e  seam. Permeabi l i ty  
t e s t i n g  was only poss ib l e  i n  t h r e e  samples, t h e  remaining samples had 
excessive leakage. Pilobond seams do not appear t o  o f f e r  any unusual 
c h a r a c t e r i s t i c s  for f u r t h e r  cons idera t ion .  

Some of t h e  T208 samples were a l s o  t e s t e d  i n  Sec t ion  3.9 . 2  "Tes t  
Resu l t s  of t h e  Inter-ply In f l a t ion" .  

T209 Descr ipt ion 

1 ply of - 5  m i l  Kapton 
F l a t  sample, no seams 
Ends not sea led  f o r  -1 through -5 
Liquid n i t rogen  t e s t e d  f o r  -1 through -5 
Liquid hydrogen t e s t e d  for -6 through -10 

T209-1 through -5 T e s t  Summary 

Only one sample, t h e  -1, did not show any s p l i t t i n g  of t h e  f i lm.  A l l  o t h e r  
samples had a complete s p l i t t i n g  f a i l u r e  from end t o  end usua l ly  near t h e  
top  or bottom edge of sample. 
s t a r t  of t h e  s p l i t  but would not he lp  t h e  extension of s p l i t  i f  once s t a r t e d .  
This f i l m  is  s i m i l a r  t o  Mylar i n  i t s  unpredictable  behavior.  

A c los ing  end seam could he lp  e l imina te  t h e  
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3.4.4 Summaries of Twist-Flex Mater ia l  Sample Test Data (continued) 

T209-6 through -10 T e s t  Summary 

A l l  samples had a complete s h a t t e r i n g  type of s p l i t t i n g  f a i l u r e  across  
t h e  en t i r e  f i e l d  of t h e  sample. The end seams d id  not change t h i s  
c h a r a c t e r i s t i c  f a i l u r e .  

T210 Descr ipt ion 

5 p lys  of - 5  m i l  Kapton 
Edges sea led  with GT 300 tape  
GT 100 adhesive used between f i l m  seams 
Liquid n i t rogen  t e s t e d  f o r  -1 through -6 
Liquid hydrogen t e s t e d  f o r  -7 through -9 

T210-1 through -6 Test  Summary 

Fa i lu re  t y p i c a l  of Kapton a r e  shown i n  t h e  r e s u l t s  above. 
of s p l i t t i n g  f a i l u r e  with jagged t e a r s  has been demonstrated i n  many 
previous samples t e s t e d  i n  LN i n  o the r  Beech programs. 

The random type 

2 

T210-7 through -9 Test  Summary 

The removing of t h e  o r i g i n a l  end seams and reseaming with GT 300 tape  with 
impulse narrow hea t  s e a l  apparently helped prevent s p l i t t i n g  from ends. 
The l ack  of consistency of t h i s  f i lm,  however, does not warrant a conclusion 
t h a t  t h i s  f i l m  i s  s a t i s f a c t o r y  i f  seamed i n  t h i s  manner, 

Some of t h e  T210 samples were a l s o  t e s t e d  i n  Sec t ion  3 .  9 . 2  "Tes t  Resul t s  
of Inter-Ply In f l a t ion" .  

T211 Descr ipt ion 

10 plys  of .5  m i l  Kapton 
Edges sealed with GT 300 t ape  
GT 100 adhesive between f i l m  seams 
Liquid n i t rogen  t e s t e d  for -1 through -7 
Liquid hydrogen t e s t e d  f o r  -8 through -11 

T211-1 through -7 T e s t  Summarv 

The increase  i n  number of p lys  has helped t h i s  mater ia l .  
o u t e r  ply s p l i t s  f requent ly ,  t h e  remaining p lys  a r e  i n t a c t  and do not 
permit permeation. Unpredic tab i l i ty  of f a i l u r e  s t i l l  present .  

Although t h e  
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3.4,4 Summaries of Twist-Flex Mater ia l  Sample Test  Data (continued) 

T211-8 through -11 Tes t  Summary 

The samples with t h e  reseamed ends with GT 300 t ape  appear t o  withstand 
t h e  f l e x i n g  b e t t e r ,  Every sample, however, had a s p l i t t i n g  of a t  l e a s t  
t h e  ou te r  ply i n  t h e  f i e l d  near t h e  end of t h e  sample. 

T212 Descr ipt ion 

13 a l t e r n a t i n g  p l y s  of Mylar and Nomex paper 
10 p l y s  of .25 Mylar  C 
3 p l y s  of 2 m i l  Nomex paper ( l s t ,  7 th ,  13 th  p ly)  
N o  seams except edge seams 
GT 100 adhesive between edge seam 
GT 300 c los ing  t ape  

Test Summary 

The only f a i l u r e s  i n  t h i s  combination of Mylar and Nomex paper occurred 
when t h e  heavy end seams s p l i t .  The t e a r  r e s i s t a n c e  of t h e  Nomex paper 
prevented t h e  t e a r  from extending f a r  i n t o  t h e  f i e l d  of t h e  sample. The 
-3 and -4 samples i n  which t h e  end seams were removed produced exce l len t  
r e s u l t s  i n  both permeabi l i ty  and f l e x i b i l i t y .  

This  type of mater ia l  cons i s t en t ly  appears t o  o f f e r  t h e  most hope for  
cryogenic bladders .  The combination of Nomex f o r  reducing t h e  stresses 
i n  t h e  Mylar, which provides t h e  permeabili ty b a r r i e r ,  is  proving t o  
be t h e  bes t  arrangement of ma te r i a l s  i n  t h e  tw i s t - f l ex  test .  

T213 DescriDt ion  

13 a l t e r n a t i n g  p l y s  of Mylar and Dacron f a b r i c  
10 p lys  of .25 m i l  Mylar C 
3 p l y s  of 2 .2  oz Dacron f a b r i c  ( l s t ,  7 th ,  13th 
N o  seams i n  f i e l d  
GT 100 adhesive between edge seam 
GT 300 c los ing  tape  

Test Summary 

Resul ts  on these  samples show promise f o r  bladder ma te r i a l .  S imi la r  t o  
t h e  Nomex/Mylar samples T212, t h e  Dacron f a b r i c  adds s t r eng th  and t e a r  
r e s i s t a n c e  t o  t h e  sample preventing g ross  s p l i t t i n g  of t h e  Mylar. Even 
the  heavy ends d id  not s p l i t  although f ab r i ca t ed  i n  t h e  same manner 'as 
o ther  Schjeldahl  samples which have had incessant  end s p l i t t i n g .  
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3.4.4 Summaries of Twist-Flex Mater ia l  Sample Tes t  Data (continued) 

T214 Descr ip t ion  

5 p lys  of .25 m i l  Mylar C 
Cyl indr ica l  sample 
Closing l a p  seams 
GT 100 adhesive 

Test  Summary 

Permeabi l i ty  measurement i s  not poss ib le  on c y l i n d r i c a l  samples i n  a manner 
s imi l a r  t o  t h e  f l a t  samples. Permeabi l i ty  i s  noted by bubbles appearing 
on the  o u t s i d e  of cy l inde r s  when pressurized with helium gas.  Detect ion of 
bubbles i s  an ind ica t ion  t o  s t o p  test .  The number of cyc le s  a r e  then  
determined d i t h e r  by t h e  f i rs t  formation of bubbles o r  v i s i b l e  ind ica t ion  
of f i l m  s p l i t t i n g .  Random s p l i t t i n g  of f i l m  i n d i c a t e s  t h e  necess i ty  of a 
change i n  sample mater ia l  or f a b r i c a t i o n  method. Cyl indr ica l  shapes may impose 
g rea t e r  s t r e s s e s  than  f l a t  type samples. F a i l u r e s  a r e  s imi l a r  t o  f l a t  samples 
of t h e  same ma te r i a l .  

T215 DescriDtion 

Same a s  T214, except 10 p l y s  of f i l m  
10 p l y s  of .25 m i l  Mylar C 
Cyl indr ica l  sample 
Closing l a p  seams f o r  c y l i n d r i c a l  plys  
GT 100 adhesive 
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3.. 4 . 4  

T e s t  Summary 

Analysis same a s  t h a t  for T214. 

T216 DescriDtion 

5 p lys  of .25 m i l  Mylar C 
Cyl indr ica l  sample 
Horizontal  and c los ing  v e r t i c a l  seam 
B u t t  seam taped one s i d e  
GT 100 adhesive 
GT 300 c los ing  tape  

Test Summary 

Analysis same as t h a t  for T214. 

T217 Descr ipt ion 

Cyl indr ica l  sample 
5 p lys  of .25 m i l  Mylar C 
Horizontal  and c los ing  v e r t i c a l  seam 
Lap type of seam 
GT 100 adhesive between p lys  on seams 
GT 300 c los ing  t ape  

Test  Summarv 

Analysis same a s  t h a t  for T214. 

Tal8 Descr ipt ion 

Cyl indr ica l  sample 
10 plys  of .25 m i l  Mylar C 
Horizontal  and c los ing  v e r t i c a l  seam 
But t  type of seam 
GT 100 adhesive between p lys  on seams 
GT 300 c los ing  t a p e  

Test Summary 

Analysis same a s  t h a t  for T216. 
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T219 Descr ipt ion 

Cyl indr ica l  sample 
10 plys  of .25 m i l  Myla r  C 
Horizontal  and v e r t i c a l  seam 
Lap type of seam 
GT 100 adhesive between p lys  on seams 
GT 300 c los ing  t a p e  

T e s t  Summary 

Analysis same a s  t h a t  f o r  T216. 

T220 DescriDtion 

Cy1 inder  sample 
5 p lys  of .25 m i l  Mylar C 
Horizontal  and c los ing  v e r t i c a l  seam 
Pliobond 20 with t ape  

Test  Summarv 

Analysis same a s  T216. 

T221 DescriDtion 

Same a s  T218 except .15 m i l  Mylar C 

Test  Summary 

Analysis same a s  t h a t  f o r  T216. 

T222 Descr ipt ion 

Same a s  T219 except .15 m i l  Mylar C 

Test  Summary 

Analysis same as  t h a t  f o r  T216. Some of t h e  T222 samples w e r e  a l s o  t e s t e d  
i n  Sec t ion  3. 9 . 3  "Test  Resul t s  of Inter-ply In f l a t ion" .  
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T223 DescriDtion 

Cyl indr ica l  sample 
. 5  m i l  Kapton 
10 plys  of f i l m  
Closing v e r t i c a l  seams only 
GT 300 t ape  with b u t t  seams 

Test  Summarv 

Analysis same as t h a t  f o r  T216. 

T224 Descr ipt ion 

Same a s  T223 except l a p  v e r t i c a l  seam using GT 100 adhesive 

Test  Summary 

Analysis same a s  t h a t  f o r  T216. 

T225 Descr ipt ion 

Same a s  T212, except cy l inder  
Cross b u t t  seam using GT 300 tape  

T e s t Summary 

Analysis same a s  T216 except t h a t  f a i l u r e  pr imari ly  i n  seams. The use of 
heavier  tape  might prevent t h e  f a i l u r e  a t  t h i s  po in t .  Previous experience 
has shown t h a t  t h e  f a i l u r e s  usua l ly  do not occur i n  t h e  seam. 

T226 Descr ipt ion 

Same a s  T213 mater ia l  except cy l inder  
Cross b u t t  s e a m s  using GT 300 t ape  

Test Summary 

Analysis i s  t h e  same a s  T225. Samples T227 through T235 a r e  t e s t e d  i n  
Sec t ion  3.7.1 "Single Ply Seamed Twist-Flex T e s t  Data". 

T236 Descr ipt ion 

10 plys  of .15 m i l  Mylar C 
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T e s t  Summary 

Exceptional r e s u l t s  without s e r ious  f a i l u r e  and good permeabi l i ty  
following tw i s t - f l ex  t e s t i n g .  

Some o f  t h e  T236 samples were a l s o  t e s t e d  i n  Sec t ion  3. 9 . 2  "Test 
Resul t s  of Inter-ply In f l a t ion" .  

"237 Descr ipt ion 

10 plys  of -25  m i l  Mylar C 

T e s t  Summary 

A l a r g e  number of i d e n t i c a l  samples produced r e l a t i v e l y  cons i s t en t  r e s u l t s  
with good f l e x i b i l i t y  and low permeabi l i ty .  

Some o f  t h e  T237 samples were a l s o  t e s t e d  i n  Sec t ion  3 . 9  . 2  '!Pest Resul ts  
of Inter-ply In f l a t ion" .  

T238 Descr ipt ion 

13 p lys  of .25 m i l  Mylar C 
l s t ,  7 th  and 13th  p lys  
2 m i l  Nomex paper 

T e s t  Summary 

A l l  of the  T238 samples had breaks on both end cap edges - creases  and 
wrinkles  on f r o n t  and back p lys .  Only s l i g h t  increase  i n  permeabi l i ty .  

T239 Descr ipt ion 

13 p lys  of .25 m i l  Mylar C 
l s t ,  7 th  and 13th  p lys  of 2.2 oz Dacron f a b r i c  

Tes t  Summary 

A l l  o f  t h e  T239 samples had breaks on both end cap edges - no wrinkles 
or o the r  v i s i b l e  e f f e c t s  from twis t - f lex ing .  

Samples T240 through T247 a r e  t e s t e d  i n  Sec t ion  3,7,1,  page 3-108 "Single 
Ply Seamed Twist-Flex Test Data". 

Samples T248 through T253 are t e s t e d  i n  Sec t ion  3..7.2,, page 3-110 "Multi-Ply 
Seamed Twist-Flex T e s t  Data". 
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3 .4 .4  Summaries of ii'wist-Flex Material Sample' Test  Data\ (continued) 

T254 Descr ipt ion 

Al te rna t ing  p lys  of 2 m i l  Nomex and .25 m i l  Mylar (6  p lys  of 
Nomex and 5 p lys  of Mylar) 

Lap seams 1/2" wide i n  Nomex; B u t t  seams 1/2" wide i n  Mylar 

T e s t  Summary 

Increased d e t e r i o r a t i o n  and permeabili ty ( a l l  p lys)  over conf igura t ion  
such a s  T238 where Mylar p lys  a r e  used i n  groups of 5 between Nomex p lys .  

T255 Descr ipt ion 

Al te rna t ing  p l y s  of 2 m i l  Nomex and . 5  m i l  
Kapton (6  p lys  of Nomex and 5 p lys  of Kapton) 
Lap Seams 1/2" wide i n  Nomex 
B u t t  Seams 1/2" wide i n  Kapton 

Test Summary 

Much poorer performance and - more extensive damage than  T254, i nd ica t ing  
t h a t  . 5  m i l  Kapton i s  i n f e r i o r  t o  .25 m i l  Mylar C i n  t h i s  conf igura t ion .  

T256 Descr ipt ion 

1 ply 2 m i l  Nomex 
B u t t  seam 1/2" wide using GT 300 on both s ides  

Test  Summary 

Good f l e x  performance; near ly  a s  good a s  l/2-inch wide l a p  seam using GT 100. 

T257 Descr ipt ion 
I 

1 ply of Dacron f a b r i c  2 .2  oz 
Butt seam 1/2" s i d e  using GT 300 on both s ides  

Test  Summary 

No permeabi l i ty  reading because of high normal poros i ty .  Good f l e x  
performance; equal t o  1/2" wide l a p  seam using GT 100. 

T258 DescriDtion 

Al te rna t ing  p lys  of .25 m i l  Mylar and Spunbonded Dacron f a b r i c  

Lap seams 1/2" wide Spunbonded 
Butt seams 1/2" wide i n  Mylar 

(6  Mylar - 5 Dacron) 
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3.4.4 Summaries of Twist-Flex Maferi’al Sample T e s t  Data (continued) 

T e s t  Summary 

Very poor f l e x  l i f e  and high permeabili ty i f  f lexed  more than  5 cyc le s ;  
spunbonded s u b s t r a t e  appears t o  induce high stress i n  the  Mylar p lys  of 
t h i s  conf igura t ion ,  a s  evidenced by frequent  ho les  i n  seams of Mylar p lys .  

Co nc 1 u s  ions  

The test  r e s u l t s  on t h e  T254 samples show t h a t  a l t e r n a t i n g  p lys  of Nomex 
and Mylar r e su l t  i n  much higher permeabili ty,  a f t e r  f l e x  t e s t i n g ,  than  
t h e  use of groups of consecutive Mylar p lys  between Nomex p lys  such a s  
i n  T238. It is  bel ieved t h a t  t h e  in t imate  contact  of t h e  consecutive 
Mylar p lys  reduces permeation by r e s t r i c t i n g  l a t e r a l  flow between p lys ,  
whereas such r e s t r i c t i o n  cannot be a t t a i n e d  when t h e  Nomex and Mylar 
p lys  a r e  a l t e rna ted .  A l s o ,  many i n t e r i o r  Mylar p lys  of t h e  T254 samples 
show f l e x  damage i n  t h e  form of small ho les  or t e a r s  through t h e  GT 300 
seams. It  is  concluded from these  tests t h a t  Nomex-Mylar combinations 
should be i n  a conf igura t ion  per t h e  T238 samples and not per  t h e  T254 
samples. 

The o v e r a l l  performance of t h e  T258 samples was below t h a t  of t h e  T254 
samples, with t h e  same type of damage t o  t h e  Mylar plys .  Therefore,  
t h e  only remaining app l i ca t ion  f o r  t h e  Spunbonded polyes te r  s u b s t r a t e  
is  a s  t h e  s u b s t r a t e  ply of a sample i n  t h e  conf igura t ion  of T238. Any 
advantages of Spunbonded polyes te r  over such s u b s t r a t e s  a s  Nomex or 
Dacron f a b r i c  was not es tab l i shed .  

The very poor permeabi l i ty  performance of t h e  T255 samples i s  due t o  
se r ious  f l e x  damage t o  t h e  Kapton plys .  These tests ind ica t e  t h a t  t h e  
a l t e r n a t i n g  subs t r a t e -ba r r i e r  ply arrangement is even more severe upon 
Kapton than  on Mylar. 

The T256 and T257 samples wi th  b u t t  seams taped on both s i d e s  produced 
r e s u l t s  approximately equal t o  those f o r  l /2-inch wide l a p  seams i n  
Nomex or Dacron f a b r i c .  Since the  double-taped b u t t  seams a r e  not 
super ior  t o  t h e  l a p  seams being used on a l l  Schjeldahl  bladders ,  t h e  
b u t t  seams w i l l  r ece ive  no f u r t h e r  cons idera t ion  f o r  bladder f a b r i c a t i o n  
f o r  Nomex or Dacron. 

F ina l  mater ia l  recommendations a r e  presented i n  Subsection 3,10,7.  
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3.4.5 

T N 1  Descr ipt ion 

Mater ia l  Samples T e s t  Data - NASA 
\ 

TABLE 3.4 

1/4 m i l  Mylar C 
10 plys  
P l a i n  f i l m  no seams 
NASA furn ished  
GT 100 c los ing  tape  around edges 
Individual  p lys  not bonded toge ther  

CC/SEC 
SAMPLE PERMEABILITY NO. CYCLES 
NUMBER BEFORE AFTER TESTED REMARKS 

-1 0 0 200 No v i s i b l e  change i n  appearance of sample. 

-2 0 0 200 No v i s i b l e  change i n  appearance of sample, 

-3 0 0 190 Inc ip ien t  f a i l u r e  t e a r  i n  o u t e r  p lys  a t  
cen te r  of sample. In t e rp ly  i n f l a t i o n .  

-4 0 0 125 Inc ip ien t  f a i l u r e  i n  ou te r  p lys  a t  110 cycles .  
F a i l u r e  expanded a t  125 cyc les ,  t e s t  stopped. 

Typical Myla r  sample, t ransparent  and f l e x i b l e .  The lack  of bonding between 
inner  p lys  a t  t h e  edge seams improved f l e x i b i l i t y  without encouraging s p l i t t i n g .  
L i t t l e  change i n  appearance and no increase  i n  permeabi l i ty .  Unpredictable 
behavior a s  shown by two out  of four  samples t e s t e d  above i s  typ ica l  of Mylar 
f i lms  

TN2 Descript ion NASA furnished 
Al te rna t ing  p lys  of 1/4 m i l  Mylar C and S t y l e  201 

5 p lys  of Mylar and 4 p l y s  of Dacron 
Edge seamed with GT 100 c los ing  t ape  

"Spunbonded" Dacron paper 
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CC/SEC 
SAMPLE PERMEABILITY NO. CYCLES 
NUMBER BEFORE AFTER TESTED 

-1 0 - 60 

-2 0 - 200 

-3 0 1 35 

REMARKS 

Permanent wrinkles  
on both end caps.  

Permanent wrinkles 
on both end caps.  

Permanent wrinkles  
a t  r i g h t  end f r o n t  
on both end caps. 

and c reases .  Breaks 

and creases .  Breaks 

and creases .  S p l i t  
s i d e  3'' long. Breaks 

Permeabi l i ty  da t a  was not obtained a f t e r  tw i s t - f l ex  t e s t i n g .  
number of cycles t o  s p l i t t i n g  would i n d i c a t e  a poor combination or assembly 
method. Mylar r equ i r e s  a r e in fo rc ing  mater ia l  f o r  s t r eng th  aga ins t  s p l i t t i n g  
but t h e  s u b s t r a t e  should not cause f a i l u r e  of t h e  Mylar. The f a i l u r e  of one 
or two p lys  i n  mul t i  ply sample i s  not necessar i ly  cause f o r  r e j e c t i o n  of t h e  
ma te r i a l ,  

The low 

Samples TN3 through TN8 a r e  t e s t e d  i n  Sec t ion  3.9..2,, "Tes t  Resul t s  of 
Inter-Ply In f l a t ion" .  

Samples TN9 through TN12 and por t ions  of TN3, TN4, TN7, and TN8 a r e  t e s t e d  
i n  Sect ion 8 . 9 . 3  "Rapid and Slow Warm-up Inter-Ply I n f l a t i o n  Tests".  

3 .5  Permeabi l i ty  Study 

This  s e c t i o n  w i l l  descr ibe  i n  d e t a i l  t h e  work conducted t o  determine t h e  
r e l a t i o n s h i p  of permeabi l i ty  t o  f l e x i b i l i t y  of mater ia l  samples b r i e f l y  
descr ibed i n  Sec t ion  3.3.2.  

3 .5 .1  Apparatus 

A s  descr ibed i n  Sec t ion  3.3.2 and i l l u s t r a t e d  i n  Figures  3.10, 3.11, and 
3.12, t h e  permeabi l i ty  apparatus  and t e s t i n g  procedures evolved from a 
s e r i e s  of preliminary t e s t s  made on t h r e e  apparatus  conf igura t ions  or 
llmethodslf shown i n  Figure 3.23. Figure 3.2.2 shows t h e  assembly of t h e  
permeabi l i ty  apparatus with t h e  manometer, bu re t t e ,  and helium mass 
spectrometer.  
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FIGCRE 3.22 
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FIGURE 3.23 
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3,5.2 Methods 

The following f i v e  ( 5 )  methods have been used i n  t h e  permeabi l i ty  study of 
samples and f i lms  i n  t h i s  program. 

Method W 1  The upper end p l a t e - o f  t h e  f i x t u r e  was a 
rec tangular  c o l l a r  which permitted a l a y e r  of water t o  be 
added above t h e  sample and any poros i ty  through t h e  f i l m  was 
observed by t h e  formation of bubbles. A mater ia l  f a i l u r e  was 
def ined as any de tec t ab le  leakage a f t e r  p re s su r i za t ion  with one 
p s i  of helium gas f o r  t h r e e  minutes. 

Method #2 - A closed upper end p l a t e  was used so t h a t  any gas  permeating t h e  
sample could be conducted through tubing t o  a beaker of water 
and the  bubbles formed could be counted over a three-minute 
period of t i m e .  

Method #3 - A closed upper end p l a t e  w a s  used so t h a t  any gas  permeating 
t h e  sample could be conducted through tubing t o  a b u r e t t e  f o r  
q u a n t i t a t i v e  measurement of t he  gas.  

Method #4 - A closed upper end p l a t e  was used so t h a t  gas permeating the  
sample could be q u a l i t a t i v e l y  measured by a helium mass 
spectrometer by t h e  i n s e r t i o n  of t h e  probe i n t o  t h e  upper 
p l a t e  po r t .  

Method #5 - In  add i t ion  t o  t h e  four  separa te  permeabili ty measurements 
a f i f t h  method was used which combined Methods #1 and #3 
so t h a t  permeation of helium gas through the  sample and 
water,  and which was i n v i s i b l e  t o  t h e  naked eye,  could be 
co l l ec t ed  above t h e  water by the c losed  upper end p l a t e  and 
measured by t h e  bu re t t e .  Figure 3.23(c)  shows t h i s  combina- 
t i o n  of f i x t u r e  p l a t e s .  

3 .5 .3  Procedures 

The t e s t  sequence i s  s t a r t e d  for a l l  methods by i n s t a l l i n g  a 4-inch by 11-inch 
sample between t h e  lower p l a t e ,  c o l l a r ,  and upper p l a t e  a s  required f o r  each 
method. The f i x t u r e  i s  then  clamped t i g h t  t o  compress the  gaske ts  f o r  holding 
and sea l ing  t h e  sample. The ambient room temperature and b u r e t t e  water l e v e l  
i s  recorded. One p s i  of helium i s  appl ied t o  t h e  bottom su r face  of t h e  
sample and t h e  t o p  p l a t e  i s  connected t o  t h e  b u r e t t e  by means of a f l e x i b l e  
tube.  A t  t h e  same t i m e  a 5-minute t i m e  period i s  s t a r t e d  a t  t h e  end of which 
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the  b u r e t t e  i s  disconnected and t h e  amount of displacement recorded. The 
r a t e  is  then converted t o  cc/sec.  

The second test was conducted by connecting t h e  tube from t h e  upper p l a t e  
t o  a beaker of water and t h e  number of bubbles f o r  three minutes noted. 
The average number of bubbles per  minute was then  recorded as an ind ica t ion  
of permeabili ty by use of t h i s  method. A c o r r e l a t i o n  was fdund between 
t h e  b u r e t t e  and bubble method and i s  shown i n  Figure 3.24. 

Following t h e  bubble tes t  t h e  upper p l a t e  was unclamped and was purged with 
n i t rogen  gas.  The p l a t e  was then  reclamped and one p s i  of helium gas 
appl ied t o  t h e  bottom sur face  of t he  sample. The upper p l a t e  was connected 
t o  t h e  mass spectrometer by i n s e r t i n g  t h e  probe i n t o  a connection f i t t i n g  
on t h e  p l a t e .  A three-minute reading was taken and the  background count 
subt rac ted  from t h e  reading. Th i s  mass spectrometer measurement was a 
q u a l i t a t i v e  reading because a f u l l  vacuilm-was not a t t a i n a b l e  on t h e  t o p -  
su r face  of t h e  shmple. ' ' 

If t h e  r e s u l t s  of the above three tests indica ted  the  need f o r  determining 
i f  t h e r e  were ac tua l  ho les  i n  t h e  mater ia l ,  t h e  sample was clamped i n t o  the  
f i x t u r e  using t h e  lower p l a t e  and t h e  rec tangular  c o l l a r .  The sample was 
then covered w i t h  water t o  a depth of 1/4 inch and hel ium pressure  appl ied 
t o  t h e  bottom sur face .  Any holes  found by v i sua l  observat ion of bubbles 
were marked' on the  f i l m  and recorded. 

A combination of procedures was used f o r  determining the permeabi l i ty  through 
t h e  sample and t h e  water.  This  t e s t  was made t o  confirm t h e  accuracy of 
t he  apparatus  and t o  s a t i s f y  t he  quest ion of why permeabi l i ty  was measured 
by t h e  b u r e t t e  but not v i s i b l e  through the  water.  

On a few samples a high leak  r a t e  was observed during t h e  permeabi l i ty  
tests but upon running poros i ty  t e s t s  (Method N o .  1 )  no holes  appeared. 
To confirm that  t h e  helium gas was permeating through t h e  sample, t h e  
upper c losed p l a t e  was clamped on top  of t h e  c o l l a r  p l a t e  w h i l e  t he  water 
was s t i l l  above t h e  sample. The b u r e t t e  was connected t o  t h e  upper p l a t e  
and t h e  l eak  r a t e  was found t o  be near ly  i d e n t i c a l  t o  t h e  sample when 
checked without the  water covering. Use of the mass spectrometer ind ica ted  
t h a t  t h e  leakage was helium. The conclusion reached from t h i s  test w a s  
t h a t  helium permeates the sample and the water without providing any v i sua l  
i nd ica t ion  of bubbles through t h e  water.  

The da t a  showed t h a t  permeabi l i ty  through 0.25 m i l  Mylar f i l m  could reach 
0.018 cc/sec over a 30 square inch sample without being v i s i b l e  through 
water a s  long a s  it was constant  throughout the  sample and ye t  a mall hole  
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even a s  small  a r a t e  
v i s i b l e  bubbles can 

not be used a s  t h e  s o l e  i n d i c a t i o n  of ma te r i a l  permeabi l i ty  or f a i l u r e .  

In add i t ion  t o  t h e  r egu la r  tests conducted on a l l  samples, t h e  permeabi l i ty  
study program on s i n g l e  ply f i l m s  included spec ia l  tests t o  confirm t h e  
accuracy of t h e  t e s t i n g  and apparatus.  Attempts w e r e  made t o  produce holes  
with t h e  equivalent  permeabi l i ty  of a t y p i c a l  sample. R e l i a b i l i t y  d a t a  
was a l s o  obtained by repea t  t e s t i n g  of t h e  same sample or same f i lm .  

3.5.4 Mater ia l s  

The ma te r i a l s  used f o r  t h e  permeabi l i ty  s t u d i e s  was Mylar C f i l m  of 0 .15  and 
0.25 m i l  th ickness  obtained from Schjedldahl  Company, NASA, Boeing and DuPont. 
This  ma te r i a l  was obtained from d i f f e r e n t  r o l l s  of Mylar C a s  produced by 
DuPont and stocked by these  agencies.  

The 0 .25  m i l  Mylar from Boeing was received i n  t w o  condi t ions:  (1) p l a i n  
Mylar C f i l m  and (2) thermoformed samples. 

The Branson Company provided u l t r a s o n i c a l l y  seamed samples of var ious  th ickness  
of Mylar i n  combination with Dacron. 

The polyethylene f i l m  used f o r  making t h e  Sea Space Systems samples was 
not included i n  t h e  s p e c i a l  permeabi l i ty  s t u d i e s  because it  was not a v a i l a b l e  
i n  s i n g l e  ply f i lms .  The permeabi l i ty  of samples made using t h i s  0.10 m i l  
polyethylene may be found under Sec t ion  3.4 - Twist-Flex Test Data. 

3.5.5 Mylar Permeabi l i ty  Data 

Many methods are used t o  o b t a i n  f i l m  permeabi l i ty .  This  s ec t ion  r e p o r t s  da ta  
from seve ra l  sources  and g ives  u n i t s ,  gases ,  and c o r r e l a t i o n  with sample 
s i z e s  used i n  t h e  program when poss ib le .  No attempt is made t o  c o r r e l a t e  
a l l  methods t o  account f o r  d i f f e r e n t  gases ,  p ressures  or f i l m  th ickness ,  

DuPont - P l a s t i c s  Encyclopedia 1966 (Ref 7)  

-4 
100 cc/100 sq. in . /24 hrs/mil/atmos (hydrogen gas)  = 3.48  x 10 
cc/30 sq.  in*/sec/mil/atmos 

-4 
Pseudo-Conversion t o  0 .25 m i l  from 1.0 m i l  = 3.48 x 10 x 4 = 

1.39 x cc/30 sq .  in*/sec/0.25 mil/atmos 
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Schjeldahl  F ina l  Report NAS9-513 (March 1964) 

(P) cc/sq. meter/24 hrs/mil/atmos (n i t rogen  gas)  

(PI - 
-5 Sample No. 1 96 = 2,16  x 10 cc/30 sq.  in*/sec/mil/atmos 

( 1  mil)  

Sample No. 2 24 = 5.4 x 10 cc/30 sq.  in*/sec/mil/atmos 
( 1  mil)  

Sample No. 3 7.8 = 1.75 x 10 cc/30 sq .  in*/sec/mil/atmos 
(1 mil) 

Schieldahl  Memorandum ReDort ( re ference  onlv)  

-6 

-6 

5 l i t e r s / s q .  meter/24 hrs/0.25 mi1/3 cm H 0 (hydrogen gas) = 

2.02 x cc/30 sq .  in*/sec/0.25 m i 1 / 3  c m  H 0 (helium gas)  
2 

2 

Sea Space Sys tems  0 .15 Mylar C f o r  NAS3-6288 

3 2  -4 
2.59 x f t  / f t  /sec/psi/mil  = 5 . 1  x 10 cc/30 sq.  in*/sec/psi/mil 

*30 sq. i n .  i s  mater ia l  a rea  when i n s t a l l e d  i n  permeabi l i ty  f i x t u r e .  

3 .5 .6  Permeabili ty Test Data 

The following tests i s o l a t e  c e r t a i n  phases of permeabili ty measurement i n  
order  t o  provide more accurate  da ta ,  prove e x i s t i n g  da ta ,  and c o r r e l a t e  
da t a  with permeabi l i ty  information from o the r  sources.  

Each test i s  described i n  d e t a i l  i n  Paragraph 3 .5 .3  t o  expla in  t h e  purpose 
of t h e  t e s t  and i s  documented i n  Appendix C. I n  a l l  cases  assumptions 
required i n  t h e  beginning of t h e  permeabi l i ty  test  program were subs t an t i a t ed  
and assured t h a t  a c o r r e l a t i o n  was poss ib le  between sample t e s t  r e s u l t s .  
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PERMEABILITY TEST SAMPLE CODING 

SAMPLE N W E R  MATERIAL SOURCE 

PC15 -1 through -5 0.15 m i l  Mylar ) Schjeldahl  

PC25 -1 through -6 0.25 m i l  Mylar ) 

PS25 -1 through -5 0.25 m i l  Mylar ) 

1 

1 

PN15 

PN25 

PB25 

PUB 

PD15 

PD25 

PVP15 

PVP25 

-1 through -5 0.15 m i l  Mylar ) NASA - L e w i s  Research Center 

-1 through -10 0.25 m i l  Mylar ) 
1 

-1 through -5 0.25 m i l  Mylar Boeing 

-1 through -6 miscellaneous Branson Indus t r i e s  

0.15 m i l  Mylar ) DuPont 

0.25 m i l  Mylar ) 
1 

-1 through -3 0.15 m i l  Mylar ) DuPont 

-1 through -3 0.25 m i l  Mylar Pressure Tes t )  
) (Permeabi l i ty  Variable  

PH15 -l through -3 0.15 m i l  Mylar ) DuPont 

PH25 -1 through -3 0.25 m i l  Mylar ) Size  Tes t )  
(Permeabi l i ty  v s  Hole 

3 .5 .6 .1  Control Tes t  - Film Permeabili ty 

Samples of many of t h e  ma te r i a l s  were t e s t e d  f o r  permeabi l i ty  without 
being f i r s t  twis t - f lexed  t e s t e d .  This  information was used a s  a b a s i s  
of comparison and provided con t ro l  data .  Appendix C enumerates t h e  
r e s u l t s  e 
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3.5.6.2 Mult iple  Ply T e s t s  

In  t h e s e  tests 0.15 m i l  Mylar C received from DuPont w a s  used by s t a r t i n g  
with 5 p lys  of f i l m  i n  which t h e  edges were loosely bonded toge ther  during 
t h e  c u t t i n g  opera t ion .  Af te r  t h e  5 p lys  were t e s t e d  then  one p l y  was 
peeled of f  and t h e  remaining 4-ply sample was t e s t e d .  This  procedure was 
continued u n t i l  t h e  l a s t  s i n g l e  ply was t e s t e d .  

T e s t  No. 1 - pN15-1 - Conclusion 

During t h i s  test t h e r e  was no ind ica t ion  of gas  t ransmission u n t i l  t h e  
s i n g l e  ply was t e s t e d .  From a permeabi l i ty  viewpoint t h e  use  of two p lys  
would s a t i s f y  t h e  condi t ion  of zero permeabili ty i n  a 5-minute period. 
The condi t ion  of zero permeabi l i ty  i s  explained i n  Paragraph 3 .5 .6 .8 ,  
"Extended Time Tes t .  

Test  N o .  2 - PN25-1 - Conclusion 

There was no measurable leakage during a 5-minute period i n  any of t h e  
tests on 0.25 m i l  Mylar ma te r i a l  from DuPont, This  would i n d i c a t e  t h a t  
t h e  0.25 m i l  mater ia l  i s  less porous than t h e  0.15 m i l  mater ia l  and 
t h i s  r e s u l t  should be expected, 

In  Tes t  No. 3 and Test N o .  4 ,  0 .15 m i l  and 0 .25  m i l  Mylar C was used which 
was obtained from r o l l s  of f i l m  used t o  make test samples. These f i l m  
samples were added toge ther  t o  produce t h e  multiple-ply test which d i f f e r e d  
from T e s t  No. 1 and Test No. 2 i n  which p lys  were removed. 

In  these  tests -1 p l y  had an excessive leak  reduced only by t h e  addi t ion  
of t h e  second ply.  

Test  No. 3 - PC15 - Conclusion 

The permeation i s  not reduced s i g n i f i c a n t l y  a f t e r  t h e  t h i r d  ply i s  added. 
It i s  bel ieved t h a t  po in t s  of poros i ty  i n  a p a r t i c u l a r  f i l m  might be 
blocked by an adjacent f i l m  on occasions thus  randomizing t h e  r e s u l t s .  

Test  No. 4 - PC15 - Conclusion 

The permeation is  not reduced s i g n i f i c a n t l y  a f t e r  t h e  t h i r d  p l y  i s  added. 
I t  i s  bel ieved t h a t  po in t s  of poros i ty  i n  a p a r t i c u l a r  f i l m  might be 
blocked by an adjacent  f i l m  on occasions thus  randomizing t h e  r e s u l t s .  
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3.5.6.3 

This  test  was performed t o  provide a b e t t e r  understanding of t h e  e f f e c t  of 
pressure  upon t h e  gas t ransmission r a t e  through a f i lm ,  Three 0.25 m i l  
Mylar C and t h r e e  0 .15  m i l  Mylar C f i lms  from DuPont were used f o r  t hese  
t e s t s .  

Each sample was placed i n t o  t h e  permeabi l i ty  f i x t u r e  and t h e  pressure was 
increased i n  increments of 5 inches of water from zero t o  35 inches of 
water pressure.  Each pressure  was held f o r  a per iod of 5 minutes during 
which time a b u r e t t e  measured t h e  volume of helium gas passing through 
t h e  f i lm .  The t e s t  da t a  is  shown on Figure 3.25. 

CONCLUSIONS 

The r a t e  of gas  t ransmission through Mylar f i l m s  increases  with increase  i n  
pressure  d i f f e r e n t i a l  across  the  f i lm.  Although one sample i n  these  tests 
showed no permeabi l i ty  it  i s  presumed t h a t  i f  a longer  period of time had 
been allowed a t  each pressure  se t t ihg ,  t h e  r e s u l t s  would follow t h e  o the r  
samples, but a t  a lower gas t ransmission r a t e .  

It  i s  important t o  note t h a t  although a l l  permeabili ty t e s t s  f o r  t h i s  
program have been conducted a t  one p s i  or 28 inches of water pressure,  it 
i s  not an t i c ipa t ed  t h a t  t h e  bladder w i l l  r ece ive  more than a few inches of 
d i f f e r e n t i a l  p ressure  during cycl ing.  This  lower opera t ing  pressure w i l l  
t he re fo re  be advantageous i n  reducing t h e  permeabi l i ty  through t h e  bladder.  
The permeabi l i ty  of some ma te r i a l s  of low permeabi l i ty  s t ays  r e l a t i v e l y  
constant  even when t h e  pressure  is  increased.  Pressure $ncrease though, can 
cause increased permeabi l i ty  i n  c e r t a i n  ma te r i a l s  and even cause some 
ma te r i a l s  t o  become permeable when they w e r e  not a t  lower pressure.  

3 .5 .6 .4  Combination T e s t  (Water and Bure t te )  

The Combination Tes t s  involved fou r  separa te  t e s t s  on each mater ia l  f o r  t h e  
purpose of comparing t h e  d i f f e r e n t  t e s t  methods and t o  ve r i fy  t h a t  permeation 
i s  poss ib le  through water without v i s i b l e  bubbles, 

The f i r s t  test was performed i n  t h e  r egu la r  manner i n  which t h e  sample was 
i n s t a l l e d  i n  t h e  permeabili ty f i x t u r e  and one p s i  of helium gas was placed 
on the  underside of t h e  f i lm .  The gas passing through t h e  f i l m  was co l l ec t ed  
and measured on a b u r e t t e  over a 5-minute period. 
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FIGURE 3.25 

INCREASING PRESSURB TESTS 
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The second test involved t h e  use of an open p l a t e  i n  which a l aye r  of 
water was placed over t h e  sample and t h e  helium gas a t  one p s i  was under t h e  
t h e  f i l m  sample. The appearance of bubbles was noted. I n  many cases ,  
however, no bubbles were observed even though t h e  f i rs t  permeabi l i ty  
test  ind ica ted  gas  transmission..  

The t h i r d  test combined t h e  f i r s t  two by leaving  t h e  water on top  of 
t h e  sample and then the  b u r e t t e  was at tached so t h a t  t h e  gas  which 
passed through the  sample and t h e  water could be co l l ec t ed  and measured. 

The fou r th  test  was a repeat  of t h e  f i r s t  t e s t  a f t e r  t he  sample w a s  
thoroughly dry t o  see  i f  moisture a f f ec t ed  the  gas t ransmission through 
t h e  sample. The following da ta  shows t h e  r e s u l t s  of t hese  tests. 

CONCLUS IONS 

An important conclusion t h a t  can be made by t h i s  da t a  i s  t h a t  i t  i s  
poss ib le  to have considerable  permeation through a sample and water 
without any v i s i b l e  ind ica t ion  by t h e  formation of bubbles. The 
d i f f e rence  i n  permeabi l i ty  readings before  and a f t e r  t he  water test i s  
wi th in  t h e  normal range of repea tab le  readings proven by t e s t s  i n  
Paragraph 3.5.6.6,  Repea tab i l i ty  Tes t s ,  Tests have shown t h a t  i t  i s  
poss ib le  t o  have up t o  0 .018 cc/sec permeation over a 30 square inch 
sample of 0.25 Mylar without bubble formation. 

Using bubbles i n  water a s  an ind ica t ion  of gas  t ransmission is ,  the re fo re ,  
not a s a t i s f a c t o r y  method f o r  p rec i se  measurement of gas leakage, 

3 .5 .6 .5  Consecutive Reading Tes t s  

The purpose of t h i s  series of tests was t o  determine i f  t h e r e  was a length  
of t i m e  of pressur iz ing  t h e  sample i n  which t h e  r a t e  of gas t ransmission 
would s t a b i l i z e  and remain cons tan t .  Three d i f f e r e n t  samples of 0 .15 m i l  
Mylar C obtained from DuPont were used i n  which they were pressurized t o  
one p s i  of helium and held constant  f o r  a period of up t o  30 minutes. The 
permeabi l i ty  was measured during each 5-minute consecutive period and t h e  
r e s u l t s  w e r e  p l o t t e d  i n  Figure 3-26 .  

The da ta  ind ica t e s  t h a t  a f t e r  approximately 15 minutes t h e  permeabi l i ty  
r a t e  s t a b i l i z e s  and w i l l  s t ay  uniform t h e r e a f t e r .  The r a t e  of permeabili ty 
increases  f o r  10 t o  95 minutes and then becomes steady. This  would ind ica t e  
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FIGURE 3.26 
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t h a t  it would be des i r ab le  t o  wait f o r  a t  l e a s t  15 minutes before  tak ing  a 
permeabi l i ty  reading f o r  utmost accuracy. The procedure followed i n  t h i s  
program was t o  t ake  readings a t  exac t ly  f i v e  minutes thereby providing a 
consis tency which should r e s u l t  i n  a constant  r e l a t i o n s h i p  between each 
sample's  permeabi l i ty  a t  a spec i f i ed  t i m e .  The d i f f e rence  i n  each sample's 
permeabi l i ty  f o r  each time stayed r e l a t i v e  t o  t h e  o t h e r  samples. 

3 .5 .6 .6  Repea tab i l i ty  Tes t s  

I n  order  t o  determine i f  t h e r e  was a s i g n i f i c a n t  d i f f e rence  i n  permeabi l i ty  
readings when made on t h e  same sample a t  d i f f e r e n t  t i m e s ,  or due t o  repeat  
p re s su r i za t ion ,  a s  w e l l  a s  t o  determine t h e  accuracy of opera tor  technique, 
t e s t s  were run on t h r e e  d i f f e r e n t  samples. I t  should be noted t h a t  each 
sample was given a t y p i c a l  handling and permeabi l i ty  t e s t  i d e n t i c a l  t o  
t h a t  performed on a sample p r i o r  t o  a tw i s t - f l ex  t e s t .  After  each test 
t h e  sample was removed and then  r e i n s t a l l e d  a s  i f  f o r  t h e  f i r s t  time. 
This  introduced t h e  f a c t o r  of i n s t a l l a t i o n ,  random wrinkling and gasket 
s ea l ing  not previously inves t iga ted  i n  t h e  previous t e s t ;  Paragraph 3 .6 ,6 .5 ,  
Consecutive Reading Tes t s .  

CONCLUSIONS 

The f i r s t  two samples ind ica ted  t h a t  a +15% v a r i a t i o n  can be expected i n  
reading of permeabi l i ty  da t a .  
r a r e  cases  a d i f f e rence  can amount t o  seven t i m e s  t h e  lowest reading. 
Figure 3.27 i l l u s t r a t e s  t h i s  va r i a t ion .  

The t h i r d  sample would show t h a t  i n  some 

3 5 6 7 DuPont Mylar Corre la t ion  Tes t s  

Tes t s  were performed t o  f i n d  a c o r r e l a t i o n  between methods of q u a l i t y  con t ro l  
used by DuPont i n  t he  production of Mylar and t h e  permeabi l i ty  measurement 
methods descr ibed i n  Paragraph 3 .5 .3 .  

The DuPont Mylar C samples were provided by NASA-Lewis toge ther  with t h e  
q u a l i t y  con t ro l  da t a  and coded f o r  l a t e r  comparison. 

Three 0 .25  m i l  Mylar groups were t e s t e d  t o t a l i n g  30 separa te  f i l m  samples. 
Nine 0.15 m i l  Mylar groups were t e s t e d  t o t a l i n g  90 samples. The r e s u l t s  
of these  t e s t s  a r e  shown below and shown on Figure 3.28. The r e l a t i o n s h i p  
of t h e  observed permeation values  with t h e  DuPont d i e l e c t r i c  s t r eng th  
da t a  i s  shown on Figure 3.29. 
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Each sample was subjected t o  t h e  normal permeabili ty t e s t  of one p s i  of 
helium gas.  The gas  t ransmission was measured on a b u r e t t e  i n  cc/sec. 

DuPont uses  a d i e l e c t r i c  s t r eng th  t e s t  as a q u a l i t y  con t ro l  method i n  
t h e  production on Mylar. The f i l m  t o  be t e s t e d  is subjected t o  increas ing  
vol tage and t h e  number of breakdown determines t h e  acceptance of t h e  f i lm .  

( a t  200 v o l t s  17 su rv iva l s  out  of 20 i s  acceptable  
(a t  500 v o l t s  10 su rv iva l s  out  of 20 is  acceptable  0 .15 m i l  Mylar 

( a t  400 v o l t s  19 su rv iva l s  out of 20 is  acceptable  
( a t  1000 v o l t s  17 su rv iva l s  out of 20 i s  acceptable  0 .25 m i l  Mylar 

C0NCLUSIONS 

The d i e l e c t r i c  s t r eng th  da t a  suppl ied by DuPont and t h e  permeabi l i ty  
obtained on t h e  same samples i n  t h i s  program did not show a good 
c o r r e l a t i o n .  There is  a t rend  ind ica ted  f o r  t h ree  of t h e  sample 
groups but an inverse  r e l a t i o n s h i p  f o r  t h e  PD15-1 group. 
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FIGURE 3.28 
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FIGURE 3.29 
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3.5 ~ 6.. 8 Extended Time T e s t  

The Extended Time T e s t  was conducted t o  demonstrate t h a t  samples which show 
zero  permeabi l i ty  i n  a 5-minute per iod a c t u a l l y  have some permeabi l i ty  
which was not measurable i n  t h i s  period of time. The following t e s t s  were 
the re fo re  conducted f o r  a t i m e  per iod which permitted a t  l e a s t  two groups 
of bubbles to e n t e r  t h e  b u r e t t e  or t o  f i v e  minutes whichever occured las t .  

The use of a b u r e t t e  a s  a means of measuring permeabili ty depends upon 
t h e  accumulation of bubbles. It i s  normal t o  f i n d  t h a t  t h e  bubbles e n t e r  
t h e  b u r e t t e  i n  groups of two o r  t h r e e  and t h e r e f o r e  i f  s u f f i c i e n t  time i s  
allowed it i s  always poss ib le  t o  o b t a i n  a f i n i t e  r a t e .  

Three d i f f e r e n t  pressures  were used and a r e  noted a t  t h e  top  of t h e  columns. 
Some of t h e  da t a  was s u b s t i t u t e d  f o r  t h e  zero readings previously obtained 
for t h e  DuPont Corre la t ion  Tests, Paragraph 3 .5 .6 ,7 .  

The samples used f o r  t h i s  test were 0 .25  m i l  and 0.15 m i l  Mylar C received 
from DuPont. These samples gave outs tandingly low permeabi l i ty  readings 
a s  compared with some o the r  Mylar samples t e s t e d  i n  t h e  program. 

CONCLUSIONS 

The r e s u l t s  of t h e  Extended Time T e s t s  show t h a t  many samples which have 
zero leakage a t  t h e  end of f i v e  minutes w i l l  i n d i c a t e  permeation i f  t h e  
t i m e  i s  extended. The doubling of t h e  t i m e  per iod showed t h a t  permeation 
could be a s  small as 0.00016 cc/sec. A s  has been noted i n  previous r e p o r t s  
on permeabi l i ty ,  t h e  smallest  permeabi l i ty  reading which can be obtained 
i n  a 5-minute period i s  0.00066 cc/sec.  Anything l e s s  than t h a t  i s  
considered zero f o r  t h i s  program. The s e l e c t i o n  of f i v e  minutes was made, 
f u l l y  recognizing t h i s  f a c t  f o r  t he  reason t h a t  i t  was not f e a s i b l e  t o  
spend excessive t i m e  on each sample. The Extended T i m e  T e s t  has shown 
t h a t  zero permeation i n  f i v e  minutes means only t h a t  it i s  less than 
0.00066 cc/sec (Ref. Figure 3.30). 

The test  da ta  shows t h a t  a d e f i n i t e  r e l a t i o n s h i p  e x i s t s  between t h e  
permeation of a sample under 16  inches of water a s  compared with 28 inches 
of water.  The higher t he  pressure  the  g r e a t e r  t h e  gas  t ransmission.  
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FIGURE 3.30.2 

EXTENDED TIME TESTS 
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FIGURE 3.30.4 
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3.5 .6 ,g  Pressure and Time Var ia t ion  T e s t  

This  test was conducted on two d i f f e r e n t  samples of 0 . 5  m i l  Kapton a t  t w o  
d i f f e r e n t  pressures  and f o r  two d i f f e r e n t  per iods of time. The purpose 
was s i m i l a r  t o  the  Extended Time Tes t ,  Paragraph 3.5.6.8, but combined 
the  two parameters and f o r  a d i f f e r e n t  ma te r i a l .  These samples were 
regular  program samples received from t h e  G. T. Schjeldahl  Company, 

CONCLUSION 

The conclusions a r e  i d e n t i c a l  t o  previous tests of a s i m i l a r  na ture  i n  
t h a t  extending t h e  time of permeation measurement w i l l  provide a f i g u r e  
f o r  permeabi l i ty  which otherwise would be termed zero i n  a 5-minute per iod.  

3 .5 .6 .10 Burst  Tes t s  

These t e s t s  provided a maximum pressure  allowable f o r  conducting permeabi l i ty  
f l a t  sample tests and a l s o  an ind ica t ion  of f i l m  s t r eng ths  usefu l  f o r  
bladder f ab r i ca t ion .  

3.5.7 Summary of Permeabili ty S tud ie s  

Permeabili ty of Mylar f i l m  v a r i e s  considerably from one r o l l  
batch t o  another and i s  a f f ec t ed  by handling and s torage.  

The permeation of helium gas through mult iply Mylar f i lms  is 
reduced by t h e  addi t ion  of two or t h r e e  p lys  but does not 
s i g n i f i c a n t l y  improve by addi t iona l  p lys .  

The r a t e  of helium gas t ransmission through Mylar f i lms  
increases  with increase  i n  pressure d i f f e r e n t i a l  across  
t h e  f i lm .  

Helium gas at one p s i  pressure w i l l  permeate through a 30 
square inch 0 .25  m i l  Mylar f i l m  at  a r a t e  up t o  0.018 cc/sec 
without v i s i b l e  bubbles i f  covered with water t o  a depth 
of 1/4 inch. 

The permeabi l i ty  rate of helium gas through 0 .15  m i l  Mylar 
f i l m  s t a b i l i z e s  a f t e r  approximately 15 minutes. 
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A + 15% v a r i a t i o n  is poss ib le  i n  permeabiliFy da ta  recorded i n  
thTs r epor t  f o r  f l a t  samples a s  w e l l  a s  bladders .  
ind ica ted  by t h e  r e p e a t a b i l i t y  test  and the u t i l i z a t i o n  of t h e  
same equipment f o r  bladder t e s t s .  

A hole  of 0.007-inch diameter permits more gas  t ransmission 
through a f i l m  than t h a t  a t t r i b u t e d  t o  ac tua l  permeabi l i ty  of 
any 30 square inch samples t e s t ed .  

This  i s  

T h i s  program did  not observe a good c o r r e l a t i o n  between the 
DuPont e l e c t r i c a l  s t r eng th  da t a  and gas  permeabili ty r a t e s .  

Zero permeation a s  measured f o r  a period of f i v e  minutes i n  
t h i s  program means t h a t  t h e  r a t e  is  less than 0.00066 cc/sec 
f o r  H e l A a m  g8s a t  one p s i  over 30 square inches of 0 .15 or 
0.25 m i l  Mylar f i l m . a r e a .  

There i s  no sharp or d i s t i n c t  increase  i n  gas  t ransmission 
through a f i l m  t o  c l e a r l y  def ine  t h e  t e r m s  permeabili ty and 
poros i ty  . 
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3 .6  Thermo-Formed Mylar Film Inves t iga t ion  

I n  add i t ion  t o  t e s t i n g  of f l a t  commercially ava i l ab le  f i lms ,  t h e  program 
required t h a t  an eva lua t ion  of thermally-formed Mylar "C" be performed. 
Although permeabi l i ty ,  f l e x i b i l i t y ,  and o the r  s p e c i f i c  mater ia l  cha rac t e r i s -  
t i c s  a r e  important i n  t h e  s e l e c t i o n  of a mater ia l  f o r  a bladder,  t h e  capa- 
b i l i t y  of a mater ia l  t o  be f ab r i ca t ed  i n t o  a bladder shape i s  of equal 
importance. 

I f  a bladder could be f ab r i ca t ed  from a mater ia l  with a minimum amount 
of seaming, it would be assumed t o  be a more s a t i s f a c t o r y  bladder ,  This  
thermo-formed inves t iga t ion  was to  determine i f  Mylar could be formed 
i n t o  hemispherical shapes and s t i l l  r e t a i n  t h e  p rope r t i e s  of f l a t  f i l m  
of t he  same th ickness ,  

The Boeing Company was given an order  f o r  twenty-one 4" x 11" samples 
from .25 m i l  Mylar "C" f i l m  which had been thermally-formed i n t o  12" 
diameter hemispheres. The following d e t a i l e d  desc r ip t ion  was provided 
Boeing f o r  t h i s  order  

1. 4.00 + .03" wide by 11.00 + .06 long. - - 
2. Made from formed 12" (nominal) hemispheres of 1/4 m i l  Mylar 

"C". Specimens t o  be cu t  from t r u l y  sphe r i ca l  sur faces  with 
no more than th ree  p ieces  obtained from one hemisphere. 
Longitudinal c e n t e r l i n e  of each specimen s h a l l ,  p r i o r  t o  
removal, descr ibe  a grea t  c i r c l e  upon t h e  sphe r i ca l  sur face ,  

3 .  Each specimen s h a l l  undergo ca re fu l  examination t o  preclude 
de fec t ive  specimen. 

4 .  A l l  specimens t o  be coded t o  i d e n t i f y  those obtained from t h e  
same hemisphere wi th  "high" s i d e  marked on a l l  specimens, 
except those  centered on polar  a rea .  
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Figure 3.31 shows t h e  manner i n  which t h e  samples were cut t o  provide 
t h r e e  samples from a hemisphere providing c h a r a c t e r i s t i c s  of t h e  
thermally-formed f i l m  from d i f f e r e n t  por t ions  of t h e  hemisphere. 
Tabs w e r e  l e f t  on each sample a s  shown t o  i d e n t i f y  t h e  sample and 
were used f o r  a point of l oca t ion  i n  measuring t h e  f i l m  thickness .  
(See Table 3 .6 ) .  

The samples were inspected and found t o  be s a t i s f a c t o r y ,  having t h e  
expected curva ture  and with a minimum of f i l m  th ickness  v a r i a t i o n  
across  t h e  sample. Each sample was measured a t  t h r e e  or more poin ts  
across  t h e  su r face  f o r  f i l m  th ickness .  Table 3 .6  l i s t s  t h e  th ickness  
measured a t  t h e  corner  from t h e  t ab .  Other measurements were taken 
on many samples t o  confirm t h e  consis tency of t h e  sample f i l m  th ickness .  
The samples were then  t e s t e d  f o r  permeabili ty and f l e x i b i l i t y  by t h e  
same procedure a s  used on f l a t  samples previously.  Also, a f l a t  sample 
from t h e  same Boeing ma te r i a l  was t e s t e d  f o r  permeabi l i ty  only and then 
a comparison was made. Table 3.5 shows t h e  t e s t  r e s u l t s  f o r  T301 and 
T302 thermally-formed samples and t h e  PB25 f l a t  samples supplied by 
Boeing. 

3 .6 .1  Twist-Flex Test  Data 

The f i g u r e s  l i s t e d  i n  columns under each sample desc r ip t ion  a r e  a s  
fol lows : 

TABLE 3 .5  

Permeabili ty Permeabili ty ( LH2 1 
Sample No. Before T-esting Af te r  Tes t ing  No. of Cycles Comments 

BOEING SAMPLES 

T301 Descr ipt ion S ingle  Ply 0.25 M i l  Mylar C 
4" x 11" Thermo-form samples 
C u t  from hemispheres 

-1 0.97 - 18 S p l i t t i n g  of f i l m  across  e n t i r e  f a c e  of sample 

-2 4 . 7  - Sample t o r n  upon removal from apparatus  

-3 6 .5  - 200 Sample s p l i t  when removed from f i x t u r e  

-4 4 . 5  - 45 S p l i t t i n g  of f i l m  from l e f t  end across  sample 

-5 4.4 - 49 S p l i t t i n g  of f i l m  from l e f t  end across  sample 

-6 2 .3  

3-100 

90-33364 , (vas E-270-1) 



3 , 6 , 1  Twist-Flex T e s t  D a t a  (Continued) 

A l l  of t hese  samples showed severe e f f e c t s  of  twis t - f lex ing .  
s p l i t  across  t h e  f ace  of  t h e  sample wi th  the exception of two which s p l i t  
when being removed from twi s t - f l ex  f i x t u r e .  
p r i o r  t o  t e s t i n g  ind ica ted  the  inf luence of themo-forming of Mylaro me 
f a b r i c a t i o n  of t hese  samples w a s  highly s a t i s f a c t o r y  

Every sample 

The high poros i ty  of f i l m  
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FIGURE 3 . 3 1  

THERMO-FORMED SAMPLE3 
(THE BOEING COMPANY) 

i 2 5  M i l  Mylar C Hemisphere 

Twelve inch hemisphere showing c u t t i n g  pattern 
fo r  thermo-formed samples of 0 .25  M i l  Mylar C 
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TABU 3 5 (Continued) 

T302 Descript ion 5 Plys  0.25 M i l  Mylar C 
4" x 11" Thermo-Formed samples 
c u t  from hemispheres 

-1 013 - 100 Bubbles de tec ted  dur ing  f l e x i n g  - l / Z f '  s p l i t  

-2 .047 - 200 S p l i t  from r i g h t  end i n t o  f i e l d  of sample 

-3 ,015 - 200 S p l i t  from end 2" long and s p l i t  i n  f i e l d  

2" long 

Results s i m i l a r  t o  s i n g l e  p l y  f i l m .  Po ros i ty  r e l a t i v e l y  h igh  f o r  f i v e  p l y s  
of Mylar and f l e x i b i l i t y  e f f e c t s  severe  on material. 

PB25 Descript ion .25 m i l  Mylar 
S ing le  p l y  
Unformed f i l m  

-1 018 - - N o  tw i s t - f l ex  tes t  - only i n i t i a l  permeabi l i ty  

-2 a 066 - - N o  t w i s t - f l e x  tes t  - only i n i t i a l  permeabi l i ty  

-3 a 053 - - N o  twist-flex tes t  - only i n i t i a l  permeabi l i ty  

-4 4.6 - - N o  t w i s t - f l e x  tes t  - only i n i t i a l  permeabi l i ty  

-5 16 - - N o  tw i s t - f l ex  tes t  - only i n i t i a l  permeabi l i ty  

3 .6 .2  Conclusions 

It should be noted t h a t  t h e  thermally formed samples before tw i s t - f l ex  t e s t i n g  
had a high permeabi l i ty  measurement as compared t o  t h e  f l a t  samples which were 
not  thermal ly  formed. 

It appears from t h i s  s tudy  t h a t  t h e r e  is  a degradat ion of t h e  Myla r  caused by 
the h e a t  and s t r e t c h i n g  of t h e  f i l m  dur ing  t h e  thermal forming which adversely 
a f f e c t s  the normally good phys ica l  c h a r a c t e r i s t i c s  of t h e  f i lm .  It is  there-  
f o r e  not  recommended t h a t  Mylar be thermally formed f o r  t h e  f a b r i c a t i o n  of 
b ladders  u n l e s s  t h e  process  can be improved t o  prevent  t h i s  change i n  f i l m  
c h a r a c t e r i s t i c s ,  

The fact t h a t  bladders can be formed from gores  seamed wi th  adhesive type  tape, 
without adverse ly  a f f e c t i n g  t h e  expulsion performance, minimizes t h e  need f o r  
seeking one or two-piece type of cons t ruc t ion .  Seaming w a s  no t  found t o  be t h e  
source of material f a i l u r e  dur ing  cyc l ing  of cryogenic expulsion bladders.  
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H e m i .  No. 

1 

1 

2 

2 

3 

4 

5 

6 

7 

8 

9 

TABLE 3.6 

THERMO*-FORaMED SAMPLE THICKNESS 
.25 MIL MYLAR C 

Dash No. Ident .  Corner Center 

-2 24 24 

-3 * 22 .21 

-1 e 21 .20 

-2 * 20 * 20 

-1 .22 .22 

-2 0 22 .20 

-3 .22 .26 

-1 a 28 .22 

-2 29 .23 

-1 .27 * 21 

-2 .30 * 27 

-3 .26 * 21 

-1 a 20 .21 

-3 a 22 0 21 

-1 .20 0 20 

-2 .21 25 

-3 22 0 21 

-2 .20 25 

-3 24 26 

-1 25 a 23 

-3 a 24 23 

Engineering Report . - 
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Opp. Corner from Ident .  

.28 

0 21 

.22 

.20 

.22 

.20 

-29 

.28 

.28 

.22 

.26 

.30 

.22 

.23 

.21 

.20 

.22 

.23 

.20 

26 

.29 

NOTE: All th icknesses  i g  m i l s .  
and the "Dash  No.  
Figure 3 31 indent i f  icat  ion. 

These samples were c u t  from nine hemisphere; 
shows where they w e r e  c u t  from i n  r e l a t i o n  t o  
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3 7 Seaming Inves t iga t ion  

From t h e  previous t e s t  it was decided t h a t  bladder f a b r i c a t i o n  using 
a taped and gored method of cons t ruc t ion  would be t h e  b e t t e r  way. 
This  decis ion,  t he re fo re ,  made t h e  seaming of ma te r i a l s  toge ther  of 
prime importance. Seaming had not caused any g r e a t  d i f f i c u l t y  i n  
bladders  f a b r i c a t e d  by t h i s  method i n  previous programs; however, t h e  
optimum method of j o in ing  two pieces  of t h i n  f i l m  or s u b s t r a t e  ma te r i a l  
had not been previously inves t iga ted  i n  depth.  

Samples f o r  t h e  seaming inves t iga t ion  were made from Mylar, Nomex, and 
Dacron f a b r i c  and f ab r i ca t ed  by t h e  G. T o  Schjeldahl  Company. The 
var ious types  of seams t e s t e d  a r e  shown and coded i n  Figure 3.32 and 
3.33. Single-ply f i lms  were t e s t e d  f i r s t ,  followed by m u l t i - p l y  
samples i n  var ious  multi-ply combinations which appeared t o  have 
p o t e n t i a l  app l i ca t ion  i n  bladders .  

The Twist-Flex apparatus was used f o r  t e s t i n g  a l l  samples. The d i f f i c u l t y  
i n  obta in ing  usefu l  r e s u l t s  was i n  being ab le  t o  separa te  t h e  f a i l u r e s  of 
t h e  bas ic  mater ia l  from t h e  f a i l u r e s  caused by t h e  seam. The same procedures 
were followed i n  the  seaming inves t iga t ion  a s  had been previously used f o r  
cyc l ing  o the r  f l a t  or c y l i n d r i c a l  samples. Permeation and cyc le  l i f e  was 
evaluated by recording da ta  of t hese  parameters f o r  each sample. 
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FIGURE 3.32 

SEAM VARIATION 
& SAMPLE NO. G. T. SCHJELDAHL CO. SEANI DETAILS 

BUTT & LAP SEAM VARIATION 

Butt  Seam 
1 / 2 "  Wide Hot Ro l l e r  Sea l ing  I r o n  

S e a l  
G T  300 Tape and Adhesive (.25 M i l  
Tape Thickness X .25 M i l  Adhesive 
Thickness X 1/2 inch wide) Minimum Gap 

F e a s i b l e  

(2) T228 Butt  Seam 
Two 1/8l1 Wide Hot Ro l l e r  Sea l ing  

GT 300 Tape and Adhesive (Same 
D imens ions as Above) 

I ron  S e a l  

-1 c- - 0 6  (TYP) 
inch  

(3)  T229 L a p  S e a m  
1 / 2 "  Wide Hot Ro l l e r  Seal ing I r o n  

S e a l  
GT 100 Adhesive (.5 M i l  Thickness 
X 1/2" Wide) 

(4) T230 Lap  S e a m  
1/811 Wide Hot R o l l e r  Seal ing I r o n  

S ea1 
G T  100 Adhesive (Same Dimension 
as Above) 

(5) T231 Butt  S e a m  
Two l / 8"  Wide Impulse  Seals 
G T  300 Tape and Adhesive (Same 
Dimensions as Above). 

(6) T232 Lap  S e a m  
l /S l '  Wide Impulse  Sea l  
G T  100 Adhesive (Same Dimensions 
as Above). 

GT 100 (. 5 mil - + 10% x 1/2")  G T  300 ( . 2 5  x . 2 5  x 1/2")  
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3 . 7 , i  Single-Ply Seamed Twist-Flex T e s t  D a t a  

The s i n g l e  ply seamed twi s t - f l ex  tes t  d a t a  is summarized as follows and 
d e t a i l e d  i n  Appendix 

T227 Descr ip t ion  1 ply of -25  m i l  Mylar ''c'' 
~ u t t  Seam, I/%"' Wide {See F igure  3.32,  NO.'^) 
GT300 Tape and Adhesive 

Conclusions 

Complete random type  of s p l i t t i n g  across  samples not  r e l a t ed  t o  seam. 
Seam type  comparison t e s t  

T228 Descr ip t ion  1 ply  of .25 m i l  Mylar  "epp 
But t  Searn, 1/8" wide hot  r o l l e r  (See Figure 3.32 ,  N o .  2) 
GT300 Tape and Adhesive 

Csnc Ius ions 

Gonplete random type  of s p l i t z i n g  f a i l u r e  across  e n t i r e  sample not  re la ted  
t o  type  of seam, Seam type comparison tests. 

T229 Descr ip t ion  1 p ly  of .25 Mylar "C9' - 
Lap Seam, 1/2'@ wide &See Figure 3 .32 ,  N o .  3) 
GT 100 Adhes ive  

Conclusions 

Complete random s p l i t t i n g  of f i l m  influenced to some degree by seam which 
de te r r ed  a s p l i t  from propagating across seam i n  most cases. Seam type 
comparison tes+s* 

T230 Descr ip t ion  1 p ly  .25 m i l  Mylar  "[4'c 

Lap Seam 1/8" wide Hot Ro l l e r  (See Figure 3 .32 ,  N o .  4) 
GTlOO Adlaes ive  

Conc l u s  ions 

Complete random type s p l i t t i n g  f a i l u r e s  i n  which the seams de te r r ed  a s p l i t  
from propagating across  a seam. S p l i t s  not; i n i t i a t e d  by seams. Seam type 
comparison tests 

T231 Descr ip t ion  1 ply  Mylar  "cBP 
But t  Seam, 1/8" wide impulse seal (See Figure 3.32, 
N o .  5) GT3OO Tape and Adhesive 
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317,l 

T232 Descript ion 

Conclusj-ons 

Random s p l i t t i n g  

S ingle-Ply Seamed Twist-Flex Tes t  bata (Continued) 

1 ply  .25 m i l  Mylar "C" 
Lap seam 1/8" wide Impulse S e a l  (See 
GTlOO Adhes ive  

of f i l m  wi th in  a r e l a t i v e l y  few number of 
cycles not  influenced t o  a g r e a t  degree by t h e  seam. Seam 
comparison tests e 

Figure 3.32, N o .  6) 

twist f l e x  
type 

T233, T234, T235 Descr ip t ion  1 ply  of .25 m i l  Mylar "C'@ 
Lap Seam 1/2" wide (See Figure 3.32, No.3) 
GT 100 Adhes ive  

Conc l u s  ions 

Complete random type of s p l i t t i n g  across  sample not  r e l a t ed  t o  seam. Seam 
type comparison test .  

The r e s u l t s  shown for T.233, 3234, and T235 i nd ica t e  tha t  t he  f a i l u r e s  
apparent ly  were not  due t o  t h e  seams but t o  the bas i c  material. The 
f a i l u r e s  were of a gyoss nature  i n  which the s p l i t s  o r ig ina t ed  i n  t h e  
material and extended through t h e  seams i n  a random manner. The samples, 
when rece ived ,  had a wrinkled appearance which caused some concern as t o  
t h e  q u a l i t y  of the  Mylar as compared t o  o t h e r  samples which had been 
received wrinkle-f ree 
a wide v a r i e t y  between samples, possibly due t o  t h i s  wrinkled condi t ion.  

T240 Descr ip t ion  1 ply  of  2 m i l  Nomex-Nylon Paper 
Butt  Seam, 112" wide (See Figure 3.32, No. 1) 
GT300 Tape and Adhesive One S ide  

The permeabi l i ty  da t a  i n  t h e  t a b l e s  a l s o  ind ica tes  

Conclusions 

Severe s p l i t t i n g  of t he  N y l a r  t ape  between the  b u t t  ends of t h e  Nomex 
material 

T241 Descr ipt ion 1 ply  o f  2 m i l  Nomex-Nylon Paper 
But t  Seam, 1/8" Wide (See Figure 3.32, No. 2) 
(3'6300 Tape and Adhesive One Side  

Conc l u s  ions 

Severe s p l i t t i n g  of t h e  Mylar t ape  between t h e  b u t t  ends of t h e  Nomex 
material 
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3 . 7 . 1  (Cont inued) 

1 ply  of 2 m i l  Noanex-Nylon Paper 
Lap Seam, 1/2" wide (See Figure 3.32, No. 3) 
GT 100 Adhesive 

T242 Descr ip t ion  

Conclus ions 

The l a p  wide seams appeared to be more s a t i s f a c t o r y  than  the  bu t t  seams 
t e s t ed  as T240 and T241. 

T243 Descr ip t ion  1 p ly  of 2 m i l  Nomex-Nylon Paper 
Lap Seams, 1/8" wide [See Figure 3.32, No. 4) 
GT 100 Adhes ive  

Conc l u s  ions 

Ser ious  separa t ion  of l a p  seams ind ica t e  t h a t  t h e  narrow seal is not 
s u f f i c i e n t l y  s t rong  i n  t h i s  app l i ca t ion .  

T244 Descr ip t ion  1 p ly  of 2.2 oz. Dacron Fabr ic  
But t  Seam, 1/2" wide (See Figure 3.32, Noe 1) 
Tape one s i d e  
GT300 Tape and Adhesive 

Conclusions 

Severe s p l i t t i n g  of ho r i zon ta l  and v e r t i c a l  seams. This material is too 
heavy to be seamed with .25 m i l  Mylar tape .  

T245 Descr ip t ion  1 p ly  of 2 . 2  oz.  Dacron Fabr ic  
But t  Seam, 1/8fp wide (See Figure 3.32, N0.2) 
GT300 Tape and Adhesive One S ide  

Conclusions 

Complete s p l i t t i n g  of ho r i zon ta l  and v e r t i c a l  seams. This  material is too 
heavy t o  be seamed with .25 m i l  Mylar  t ape .  

T246 Descr ip t ion  1 ply  of 2 .2  oz .  Dacron Fabric  
Lap Seam, l/2" wide (See Figure 3.32, No.3) 
GT 100 Adhes ive  

Conc l u s  ions 

A supe r io r  seam f o r  use  i n  jo in ing  t h i s  2.2 oz. Dacron Fabr ic  toge ther .  
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3"7.9: 

T247 Descr ip t ion  

S ingle-Ply Seamed Twist-Flex T e s t  Data (Cont inued) 

1 ply of 2 ,2  0 2 .  Dacron Fabr ic  
Lap Seam, 1/8" wide (See Figure 3.32, N o .  4) 
GTlOO Adhesive 

Conc l u s  ions 

A supe r io r  seam f o r  u s e  i n  jo in ing  2.2 0 2 .  Dacron Fabric  toge ther .  
Appears t o  be equal ly  as good as t h e  wide seam. 

3,7,2 Multi-Ply Seamed Twist-Flex T e s t  D a t a  

The following Twist-Flex samples c o n s i s t  of s ix  d i f f e r e n t  sample groups. 
These groups (T248 through "253, inc lus ive)  were procured and t e s t e d  t o  
provide for t h e  comprehensive eva lua t ion ,  of  multi-ply Mylar and Kapton 
samples, of t h e  types and s t y l e s  of seams i l l u s t r a t e d  i n  Figure 3.33, 

Each sample (except as noted) w a s  t e s t e d  t o  the complete Twist-Flexl tes t  
procedure: Permeabi l i ty  t es t ,  T-F i n  LH and second permeabi l i ty  test. 
Samples T250-10 and T253-10 were disassembled and permeabi l i ty  t e s t ed  i n  
t h e  form of  s i n g l e  p lys  t o  provide add i t iona l  permeabi l i ty  d a t a  deemed 
necessary f o r  t h e  bladder s p e c i f i c a t i o n s  

2 

The multi-ply seamed twist-flex test da ta  i s  summarized as follows and 
d e t a i l e d  i n  Appendix D. 

T248 Descr ip t ion  10 ply of ,25 m i l  Mylar  "Cr8 
But t  Seam, S t y l e  'gW" 
GT300 Tape and Adhesive 

Conclusions 

Random f a i l u r e s  of Mylar f i lm;  f a i l u r e s  genera l ly  not a t t r i b u t e d  t o  type 
of c ros s  seam. 

T249 Descr ipt ion 10 p lys  .25 m i l  Mylar '@C" 
Butt  seam, S t y l e  "N" 
GT300 Tape and Adhesive 

Conclusions 

Good f l e x  performance; increased permeabi l i ty  a f t e r  Twist Flex. 
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FIGURE 3.33 

BUTT AND LAP SEAM VARIATIONS 

BUTT SEAM GT300 Tape and Adhesive (.25 mil Tape Thicknest 
sty 1 e "W I' 
(Wide) 

x .25 mil Adhesive Thickness x 1/2" Wide) 
Tape Sealed Full Width 

Minimum Gap 
Feasible 

BUTT SEAM .13-inch Sealed Width, 2 Places 
Sty 1 e "N 
(Narrow) 

GT300 Tape and Adhesive 
(Same Dimensions as Above) 

Minimum Feasible Gap 

LAP SEAM. 
sty 1 e '%J I' 
(Wide) 3 

GTlOO x Adhesive ( . 5  mil Thickness x 1/2 
inch Wide) 
Sealed Full Width 

LAP SEAM 
Sty le "N" 
(Narrow) 

1 r--- .13-inch Sealed Width 

GTlOO Adhesive (Same Dimensions as Above) 
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3 -7 - 2  

T250 Descr ip t ion  

Multi-Ply Seamed Twist-Flex T e s t  Data (Continued) 

10 p lys  of .5 m i l  Kapton 
B u t t  Seam, S t y l e  "w" 
GT300 Tape and Adhesive 

ConcZus ions 

Seam f a i l u r e s :  Light t a p e  being cuh a t  c e n t e r  of c ros s  seams. 

T251 Descr ip t ion  10 p lys  of .25 m i l  Mylar  
Lap seam, S t y l e  "w" 
GTlOO Adhesive 

Conc l u s  ions 

General ly  good f l e x  performance with some random material f a i l u r e  not 
d i r e c t l y  a t t r i b u t a b l e  t o  c r o s s  seams. 

T252 Descr ip t ion  10 p lys  of $25 m i l  Mylar 
Lap seam, S t y l e  "N" 
GTlOO Adhesive 

Conclusions 

Very random f l e x  performance ranging from good t o  poore  with f a i l u r e s  
not d i r e c t l y  a t t r i b u t a b l e  t o  type  of c ros s  seams. 

T253 Descr ip t ion  10 p lys  of . 5  m i l  Kapton 
hap seam, S t y l e  "w" 
GTlOO Adhesive 

Conc l u s  ions 

Poor f l e x  performance wi th  cons iderable  seam f a i l u r e ;  o t h e r  random 
f a i l u r e s  appear t o  be induced by t h e  cross seams. 

3.7.3 Overa l l  Conclusions f o r  Seaming Tes t ing  

The T248 samples ( b u t t  seam, S t y l e  "W"> exhib i ted  t h e  lowest permeabi l i ty  
a f t e r  T-F tests,  al though e x h i b i t i a g  low f l e x  performance, it must be 
considered t h a t  t he  purpose of t h i s  test  series w a s  t o  eva lua te  seams, 
and t h e  f a i l u r e s  w e r e  b a s i c a l l y  o t h e r  than  seam f a i l u r e s .  I t  is believed 
that  t h e  a d d i t i o n  of c r o s s  seams t o  a 4 x 11 inch sample con t r ibu te s  t o  
material f a i l u r e s  of t h e  type  encountered, due t o  reduced area f o r  stress 
d i s s i p a t i o n ,  
seam would induce g r e a t e r  stress than  another  type.  

However, t h e r e  is  no reason t o  be l i eve  t h a t  one type  of 
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3.7.3 Overa l l  Conclusions f o r  Seaming Tes t ing  (Continued) 

The tests upon t h e  T250 and 'I253 samples were t o  s e l e c t  t h e  optimu 
of seam f o r  .5 m i l  Kapton bladder p lys ,  The f lex  performance of t 
T250 samples ( b u t t  seam, S t y l e  W 3 w a s  somewhat i n f e r i o r  because t h e  
heavier  g.5 m i l )  material produced a c u t t i n g  e f f e c t  upon t h e  l i g h t e r  
(.%5 m i l )  f i lm of t h e  tape .  The o v e r a l l  T-F damage t o  t h e  T253 samples 
( l ap  seam, S t y l e  "Wv@) was more ex tens ive  than t h a t  suf fe red  by t h e  T250 
samples 

I P  S Y  

The b u t t  type  seam o f f e r s  t h e  apparent f a b r i c a t i o n  advantage of easy and 
p o s i t i v e  gore lay-up. Therefore ,  the b u t t  seam, S t y l e  "W'" with GT300 X .5 m i l  
X ,5 X E/%: wide t a p e ,  wasrecommended f o r  seaming a l l  .5 m i l  Kapton bladder 
p lys ,  The heavier  &ape should e l imina te  the condi t ion  of tape  shear  
encountered i n  t h e  T250 tests. 

The samples f ab r i ca t ed  w i t h  and without seams provide a broad experience 
on both materials and f a b r i c a t i o n  procedures which w e r e  used i n  t h e  
bladders f o r  Task 11. The seams were f ab r i ca t ed  e i ther  under hea t  and 
pressure  thermally bonded , u l t r a s o n i c a l l y  o r  using a room temperature 
adhesive which provided opportuni ty  f o r  comparing t h e  e f f e c t  of d i f f e r e n t  
f a b r i c a t i o n  methods upon a ma te r i a l .  The bas ic  ma te r i a l  may be a f f ec t ed  
by t h e  seaming t o  an ex ten t  which des t roys  good c h a r a c t e r i s t i c  which t h e  
ma te r i a l  might demonstra?e when tested without seams. 

Samples t e s t e d  have shown tha t  t h e  seams have influenced the r e s u l t s  i n  
s eve ra l  ways. Seams which required adhesive,  heat  and pressure ,  some- 
t i m e s  produced heauy, r i g i d  seams, and some apparent shrinkage near the 
edges, Thermally bonded and u1,trasonie seams had t h e  least e f f e c t  upon 
t h e  f l e x i b i l i t y  of the sample. 

Myl-ar Films - Table 3.7 shows the r e l a t ionsh ip  of t h e  Mylar f i l m  seam types 
t o  performance by c l .ass i fy ing  t h e  seams by Narrow Impulse ( N I )  Wide Hot 
Rol le r  (W) , and Narrow Hot Rol le r  (,K) and a l s o  whether Butt  o r  Lap Seam, 
The sample code numbers a r e  a l s o  noted and Figure 3032 provides a p i c t u r e  
of  t he  var ious seam conf igura t ions  

The seams, when categorized by bes t  performance, produce somewhat random 
re l a t ionsh ips  and make a s e l e c t i o n  of t h e  bes t  seam d i f f i c u l t .  I t  
appears t h a t  t h e  l/2'" Wide hot r o l l e r  seam shows a b e t t e r  ove r -a l l  
performance than t h e  o t h e r  two types.  I n  cons idera t ion  of performance 
and o t h e r  f a c t o r s  of f a b r i c a t i o n ,  t h e  b u t t  seam becomes the most satis- 
fac tory  

The s e l e c t i o n ,  t h e r e f o r e ,  f o r  f u t u r e  samples and bladder f a b r i c a t i o n ,  is 
t h e  "W** wide b u t t  seams, using GT300 X .25 mil .  X .25 m i l  X 1/2" wide tape .  
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3.. 7.. 3 Overa l l  Conclusions f o r  Seaming Test ing (Continued) 

- The c o r r e l a t i o n  tests of seaming 
h l a p ,  b u t t  and narrow and wide 

seams resu l t ed  i n  s p e c i f i c  conclusions,  The wide l a p  seam is supe r io r  i n  
t h e  case of t h e  Nomex material which had produced extended l i f e  of  200 
cycles or more, whereas t h e  b u t t  seam f a i l e d  i n  r e l a t i v e l y  few cyc les .  
The Dacron Fabric  showed good cyc le  l i f e  wi th  e i t h e r  t h e  wide or narrow 
l a p  seam and poor r e s u l t s  wi th  t h e  b u t t  j o i n t .  

The conclusion is  t h a t  f o r  f u t u r e  samples and bladder f a b r i c a t i o n ,  t h e  
wide l ap  seam should be used f o r  both Nomex-Nylon Paper and Dacron Fabric .  

F ina l  Seam Recommendation 

The F ina l  Seam recommendations a r e  summarized i n  Table 3 . 8 .  
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TABLE 3 , 7  

SCHJELDAHL'TWIST FLEX MYLAR SEAMED SAMPLES 

TEST RESULTS COMPARISON 

BY L.H2 T-F CYCLES 

BY SEAM PERFORMANCE 

Seam Type I 

BY PERMEAB ILLTY 

B e s t  T231 NI 

(0.019)* 11 "229 I W 1. (0.054) 

(0.026)* 11 T230 1 N I (0.680) 

*Highest reading not considered - 
**Probably b e t t e r  than  Butt  M or W. 
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Material 

.25 IS& Mylar C 

.5  hiih Kapton 

TABLE 3.8 

F ina l  Seam Recommendations 

Nomex-Nylon Paper 

Dacron Fabric  

Engineering Report - 
ER 15091 

Tape - 
Butt 1/2" Wide GT300 x .25 x .25 x 1/2" Wide 

Butt  1/2" Wide GT300 x .5 x .5 x 1/2" Wide 

Lap 1/2" Wide GTlOO x 1 M i l  x 1/2" Wide 

L 
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3.8 Ultrasonic  Seaming Program 

Among t h e  seam bonding techniques which were evaluated under Task I w a s  t h e  
u l t r a s o n i c  welding process. The f e a s i b i l i t y  of t h e  u l t r a s o n i c  welding of 
.25 m i l  Mylar "C" f i l m  was s tudied  i n  t h e  course of two subcontracts  with 
t h e  Engineering and Development Company of Colorado (EDC). This  company 
had s i g n i f i c a n t  experience i n  the  u l t r a s o n i c  welding of p l a s t i c s  and o the r  
ma te r i a l s ,  having developed a v a r i e t y  of production processes f o r  u l t r a -  
sonic  sea l ing ,  

The f i rs t  of t h e s e  f e a s i b i l i t y  s t u d i e s  r e su l t ed  i n  u l t r a s o n i c  welds which 
were s t r u c t u r a l l y  sound but exhib i ted  excessive poros i ty .  

3 .8 .1  F i r s t  Ultrasonic  Study 

A l l  welds produced under t h e  f i r s t  u l t r a s o n i c  study were compression-type 
welds of single-lapped mater ia l  (see T401 conf igura t ion  i n  Figure 3,34.  The 
labora tory  se tup  included (1) a Branson SA-250 s o n i f i e r  on a pivot ing support 
assembly, (2) a t r anspor t  t a b l e  upon which the  f i l m  is  mounted and moved a t  
a f i xed  r a t e  under t h e  welding t i p ,  and (3)  a va r i ab le  frequency generator  
used a s  a power supply t o  t h e  s o n i f i e r ,  

Following t h e  necessary experimentation, t h e  weld samples were produced 
using the  following parameters: 

( a )  Feed Speed 4.15 inches p e r  minute 

(b) Head Weight 15.25 pounds ( ac tua l  pressure  appl ied t o  
welding t i p )  

( c )  Weld T ip  Detachable t i p ,  rec tangular  ( .  125 x ,365 inches) 
i n  c ross  sec t ion ,  with edges rounded t o  prevent 
mater ia l  snagging 

(d) Frequency 19 .6  KC 

(e )  Back-up L m i l  Teflon on L / 4  inch sa fe ty  g l a s s  on 
Mat e r  i a1 standard aluminum t r anspor t  t a b l e  

The welds exhib i ted  a higher  t e n s i l e  s t r e n g t h  than  the  parent mater ia l  and 
presented a good appearance except f o r  weld t i p  marks and some p i t t i n g .  The 
welds were approximately .080 inch wide and approximately centered on t h e  
1/2 inch over lap  of t h e  -25  m i l  Mylar "C" f i lm .  
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FIGURZ 3.34 

ULTRASONIC SEAM CONFIGURATIONS 

I 

T405 - "404 - 

T40 6 
7 

I I 
I 
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I t  Considerable lead-in" d i f f i c u l t y  w a s  i n i t i a l l y  encountered, but  w a s  reduced 
by pre-tuning t h e  frequency p r i o r  t o  beginning material t r a v e l .  However, it 
remained necessary t o  make t h e  weld approximately 1 inch sver- length so t h a t  
t h e  f a u l t y  lead-in po r t ion  could be trimmed o f f .  
welded by EDC t o  form an over-size sample, which w a s  then trimmed t o  4 x 11 
inches by Beech, wi th  t h e  u l t r a s o n i c  weld loca ted  on t h e  long (11 inch) center-  
l i n e  of t h e  sample. S i x  such samples were obtained. 

Two p ieces  of f i l m  were 

The 4 x 3.1 inch samples were designated T401-1 through -6 inc lus ive .  A l l  
of t hese  samples were t e s t e d  f o r  permeabi l i ty  except  -1, which had a .03 
inch diameter ho le  i n  t h e  weld. The remaining f i v e  samples a l l  exhib i ted  
excessive leakage and -3 w a s  t e s t e d  under water t o  v e r i f y  t h a t  t h e  l eaks  
were emanating from t h e  u l t r a s o n i c  weld. A l l  of t h e  samples except -3 were 
then Twist-Flex t e s t e d  i n  .LHz t o  200 cyc les .  There w a s  no evidence of weld 
damage or d e t e r i o r a t i o n  due t o  T-I? cycl ing  i n  LH2. Eight smaller samples 
( too s m a l l  f o r  the permeabi l i ty  f i x t u r e )  were also T-F t e s t e d  i n  wi th  
t h e i r  u l t r a s o n i c  s e a s  i n  a v e r t i c a l  pos i t i on .  These samples (T402) were 
a l s o  cycled t o  200 cyc le s  wi th  no ind ica t ion  of weld d e t e r i o r a t i o n  or 
damage. See T a b l e  3.9. 

Thus, t h e  first u l t rason . ic  bonding s tudy r e su l t ed  i n  t h e  conclusion t h a t  
t he  welds were e n t i r e l y  acceptable  except f o r  porosity, .  This  suggested 
t h a t  a d d i t i o n a l  e f f o r t  should be undertaken i n  an attempt t o  e l imina te  t h i s  
problem a 

Plys  /- 

Ul t ra son ic  Seam 
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TABLE 3.9 

ULTRASONIC SEAMING TWIST-FLBX TEST DATA 

The f i g u r e s  l i s t e d  i n  columns under each sample desc r ip t ion  are as fol lows:  
Permeabi l i ty  Permeabi l i ty  

Sample No.  . Before T e s t  A f t e r  T e s t  No. of Cycles Comment 

T401 Descr ipt ion 1/4 m i l  Mylar  C 
4 x 11" sample size 
Horizontal  seam 
Ul t r a son ica l ly  seamed 
Single  p lys  

-1 -- -- 200 Appears s a t i s f a c t o r y  after f l ex ing .  Permeabi l i ty  
check impossible because of excessive l eak  through 
seam. 

-2 la* -- 200 Numerious wrinkles  but no v i s i b l e  change on welded 
seam. 

-3 -- -- -- No f l e x i b i l i t y  tes t  only water permeabi l i ty  test. 
Nine holes  apparent from bubbles of helium gas.  

-4 24* -- 200 Numerous wrinkles.  N o  v i s i b l e  change i n  seam. 

-5 60* -- 200 Numerous wrinkles.  No v i s i b l e  change i n  seam. 

-6 19* -- 200 Numerous wrinkles .  No v i s i b l e  change i n  seam. 

T402 Descr ipt ion 1/4 m i l  Mylar C 
Ul t rasonic  seamed 
Single  p lys  
4 x 4 inch s i z e  
Vertical seam 

-I (a) -- -- 200 S p l i t  on T402-lb upper edge down across  t o  cen te r  
(b) of end. N o  change i n  T402-la. 

-2 (a) -- -- 25 Tear a t  upper and lower l e f t  end near  edge on 
(b) T402-21b. Upper s p l i t  1" long, lower s p l i t  

almost f u l l  length.  No change i n  T402-2a. 

-3 (a) -- -- 200 No v i s i b l e  change i n  e i t h e r  a or b sample. 

-4 (a) -- -- 165 S p l i t  i n  T402-4b off  center t o  l e f t  and dawn. 

(b) 

N o  change i n  T402-4a. 

*cc/sec of helium gas ,  
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3 ,8 .2  Second Ul t rasonic  Study 

The second f e a s i b i l i t y  development s tudy performed by EDC was of a magnitude 
approximately t h r e e  t i m e s  t h a t  of t h e  f i r s t  e f f o r t .  The ob jec t ive  of  t h e  
second study w a s  t o  improve t h e  permeabi l i ty  c h a r a c t e r i s t i c s  of t h e  u l t r a s o n i c  
seam while  r e t a i n i n g  a l l  of t h e  favorable  a t t r i b u t e s  of t h e  f i r s t  s tudy.  To 
begin a t  t h e  point  where t h e  f i r s t  study l e f t  o f f ,  t h e  second study was con- 
cen t r a t ed  on t h e  fol lowing va r i ab le s :  

( a )  Feed Speed 

(b)  Pressure  

(c) Amplitude 

(d)  Backup Mater ia l s  

(e) Weld T i p  Configurat ion 

More than  35 experiments, each w i t h  an o b j e c t i v e  v a r i a t i o n  i n  one or more 
of t h e  above parameters,  w e r e  conducted. The r e s u l t s  of t h e s e  experiments 
ranged from no weld t o  a c u t  through t h e  lapped mater ia l  and i n t o  t h e  backup 
f i lm .  Pressure  was t h e  most widely var ied  parameter, being ad jus ted  t o  
o b t a i n  d i f f e r e n t  r e s u l t s  and t o  compensate f o r  changes i n  o t h e r  parameters.  
Amplitude w a s  a l s o  t h e  subjec t  o f  wide experimentation. Weld t i p s  i nves t iga t ed  
included t h e  t i p  descr ibed i n  3.8.1, modif icat ions the reo f ,  a bar  t i p  
- 2 5  x 3.5 inches,  var ious  b a l l  bear ing t i p s  and modif icat ions the reo f .  The 
use of a backup f i l m  w a s  d iscarded q u i t e  e a r l y  i n  t h i s  study when it became 
apparent t h a t  such f i l m  was adding t o  t h e  problem of concent ra t ing  t h e  energy 
i n  t h e  ma te r i a l  being bonded. 

The d i f f i c u l t y  of achieving good u l t r a s o n i c  welds i n  single-lapped - 2 5  m i l  
Mylar C became increas ingly  apparent as t h e  above experiments were conducted. 
Weld r e s u l t s  ranged from i n s u f f i c i e n t  energy (poor t e n s i l e  s t r eng th  or no 
weld) t o  excessive energy ( increased  poros i ty  of t h e  weld or f r a c t u r e  of 
material  a t  t h e  weld). I n  some cases ,  a weld var ied  from poor s t r eng th  t o  
high poros i ty  i n  an I l - i nch  length ,  even though t h e  parameters had not been 
var ied.  I 
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The problem has been analyzed as one of spacing cpn t ro l .  The optimum 
energy must be appl ied  a t  a poin t  .00025 (plus  or minus approximately 
.OOOlO) inches above the su r face  of the  backup p l a t e .  Such p rec i se  
spacing is considered t o  be beyond the  c a p a b i l i t y  of t h e  equipment 
commonly used f o r  the u l t r a s o n i c  bonding of p l a s t i c  f i lm.  Any s l i g h t  
d e f l e c t i o n  of the t r anspor t  t a b l e  or horn support  assembly can r e s u l t  
i n  l o s s  of  t he  p rec i s ion  spacing necessary f o r  a high s tyength ,  zero 
poros i ty  weld i n  .25 m i l  f i lm.  

The f i r s t  group of samples provided f o r  eva lua t ion  included a number of 
s ingle- lapped,  single-seamed samples designated T403 (see  Figure 3.34). 
I n  an attempt t o  improve t h e  weld s t r e n g t h  and/or poros i ty  c h a r a c t e r i s t i c s ,  
multiple-seamed and multiple-lapped samples a s  depicted by T404, T405 and 
T406, Figure 3.34, w e r e  a l s o  included i n  t h i s  group. These samples were 
t e s t e d  f o r  permeabi l i ty  as shown i n  Table 3.10. No attempt was made t o  
Twist-Flex test  these  samples because they lacked t h e  s e a m  s t r eng th  
necessary t o  prevent t e a r i n g  during i n s t a l l a t i o n  i n t o  t h e  T-F apparatus .  
Lead-in continued t o  present  some problem and seve ra l  samples were too  
s h o r t  t o  permit t he  des i red  amount of t r i m .  I n  genera l ,  the  samples were 
se r ious ly  lacking i n  weld s t r eng th :  Some welds l i t e r a l l y  f e l l  apar t"  
during c a r e f u l  handling. The welds were q u i t e  narrow (approximately .03 
wide) and q u i t e  rough, as i f  t he  weld t i p  had 
a 05 i n t e r v a l s  e 

11 

:I dug-intg a t  approximately 

The test r e s u l t s  and observat ions f o r  t hese  samples are as follows: 

TABIS 3.10 

Sample Number 

T403- 1 

1 

T403-2 

T403-3 

T403-4-1 

T40 3-4-2 

T403-5 

T404- 1 

Perme ab  i 1 it y 
(cc/sec) 

6.6 

.081 

6.7 

,. 086 

1.2 

6.6 

Comments 

Holes through weld (due t o  welding) i n  one 
a rea  .5 long. 

Weld separated f o r  3 inches a t  center of 
sample during subsequent examination. 

Seam ripped a t  one end during trimming t o  
s i z e .  

Seam ripped a t  end during subsequent 
examinat ion a 

I n t a c t  

Subsequently t e s t e d  under water - unsupported 
seam parted a t  6" H20 pressure .  

S e r i e s  of pinholes  i n  welds near  one end of 
t ri-seam 
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Sample Number 

T404-2 

T405-l 

T406- 1 

T A B B  3 , l O  (Cont'd.) 

Permeabi 1 i t y  Comments 
(cc/see) 

3 - 1  Underwater tes t  revealed leakage a t  edge 
of  weld 

7,O Weld ques t ionable  a t  ends of sample. 

(Sample too s m a l l  f o r  permeabi l i ty  f i x t u r e )  
Weld tore a t  very Tow t e n s i l e  loading. 

The preeeding tests f u r t h e r  subs t an t i a t ed  %hat t h e  type of equipment 
being used w a s  incapabie  of simultaneously produeing both a high 
s t r eng th  and a low permeabi l i ty  weld i n  two thicknesses  of .%5 m i l  
Mylar  e. The "weld zone" i n  which t h e  energy had t o  be concentrated 
was so narrow t h a t  it w a s  s ca rce ly  a t t a i n a b l e ,  even f o r  a very s h o r t  
l ength  of weld, S ince  more sophis t icaced  equipmen-b; w a s  e n t i r e l y  beyond 
the  seope of t h i s  program, t h e  only so lu t ion  w a s  t o  use t h i c k e r  t o t a l  
ma te r i a l  t o  increase t h e  ''weld zone!' depth.  
had been concentrated on .25 m i l  Myla r ,  approval w a s  given EDC: t o  increase  
t h e  number of p lys  f o r  t h e  reznainiw e f f o r t ,  r a t h e r  than t o  inves t iga t e  
t h e  welding of Begvier gauges of Mylar. The funds remaining w e r e  
i n s u f f i c i e n t  t o  permit a d d i t i o n a l  experimentation by varying parameters,  
so t h e  previously determined values  were used, except f o r  pressure.  The 
production of  welds f o r  t h r e e  T407 and two  T408 samples (see Figure 3,341 
concluded t h e  EDie e f f o r t  

S ince  t h i s  e n t i r e  program 

These samples were welaed using t h e  following parameters: 

(a) Peed Speed 

(b) Head Weigh% 

(e) Weld Tip 

(d) Back-up 

(e> Frequency 

6 ,85  inches p e r  minute 

8 pounds ( ac tua l  pressure  appl ied t o  welding 
t ips) 

1/4 ineh diameter  steel b a l l  with 1/16 inch 
diameter  f l a t  

114 inch automotive s a f e t y  p l a t e  g l a s s  on 1/16 
inch lead shee t  on s tandard t r anspor t  t a b l e  

19.75 KC 

-33364 
s E-270-1) 



Engineering Rep0 r t - 
ER 15091 

The r e s u l t a n t  welds were approximately .05 inch wide i n  t h e  T407 samples; 
,OS inch i n  the T408 sample. The edges of the welds presented a d e f i n i t e  

The welds exhib i ted  Some longi tudina l  marks but w e r e  q u i t e  devoid of p i t s ,  
Preliminary labora tory  * tests had exhib i ted  an improvement i n  t e n s i l e  
s t r eng th  ., 

f ?  step-down'' r a t h e r  than  a smooth t r a n s i t i o n  t o  t h e  una l te red  material, 

Evaluat ion of t h e s e  samples cons is ted  of a permeabi l i ty  t es t ,  Twist-Flex 
i n  LH and a second permeabi l i ty  t es t ;  however, both o f  t h e  T408 samples 
tore a t  t h e  weld while being i n s t a l l e d  i n  t h e  Twist-Flex apparatus ,  The 
test r e s u l t s  were depicted i n  Table 3.11. 

2 
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Sample N o .  

T407- 1 

T407-2 

T407-3 

T408- l 

T408-2 

TABLE 3.11 

Permeabi l i ty  Permeabi l i ty  
Before T e s t  A f t e r  T e s t  

" 25 

0 11.4 - 

0 0 19 6,3 

3.0 

.2 

N O D  of 
C y c l e s  

73 

38 

120 

- 
- 

The test rssuZts  f o r  t h e  T407 samples showed these  t o  

Comments 

3" tear  near  seam i n  
f r o n t  p ly ;  5" tear 
from end and along 
upper clamp area. 

s** tear from end 
along upper clamp 
area. 

I.'* t e a r  near  seam i n  
f r o n t  ply - probably 
inf luences permeabili ty.  

be t h e  bes t  welds 
evaluated under t h e  u l t r a s o n i c  bonding program, These welds show a good 
genera l  reduct ion i n  permeabi l i ty  while exh ib i t i ng  s t r e n g t h  which approaches 
t h a t  of  t h e  o r i g i n a l  material. It is considered t h a t  add i t iona l  experi-  
mentation for  optimum values  f o r  t h e  various parameters f o r  fou r  .%5 m i l  
th icknesses  could resuk.% i n  y e t  f u r t h e r  improved welds. It  is concluded 
t h a t  t h e  s e t t i n g s  used for t h e  vaPious parameters i n  welding t h e  T407 
samples are no longer the c o r r e c t  s e t t i n g s  when t h e  number of thicknesses  
i s  increased to s i x .  

3.8 ~ 3 eone Lus ions 

I t  is concluded %kat u l t r a s o n i e  welds of s a t i s f a c t o r y  permeabi l i ty  and 
s t r eng th  are a t t a i n a b l e  i n  .25 m i l  Mylar C by using a t o t a l  of fou r  
thicknesses  of t h e  film p e r  T407, Figure 3,34,. This  conf igura t ion  could 
be u t i l i z e d  i n  bladders  i n  the form of ind iv idua l  p lys  comprised of 
double-walled gores  joined 'by common seam as shown i n  Figure 3.35. 
Another app l i ca t ion  of t h e  T407 weld conf igura t ion  is i n  t h e  form of 
doublers as shown i n  Figure 3.35. If d e s i r e d ,  t h e  doublers  could be 
trimmed down to a f i n a l  width a f t e r  velding. 

The f e a s i b i l i t y  of u l t r a s o n i c  welding of th ree  thicknesses  of  .%5 m i l  
Mylar  C has  not been el iminated by t h e s e  s t u d i e s .  Addit ional  i nves t iga t ion  
of t h e  va r i ab le s  woula have t o  be d i r ec t ed  s p e c i f i c a l l y  t o  t h r e e  thickness  
welds t o  e s t a b l i s h  such f e a s i b i l i t y .  A three- thickness  weld could be 
u t i l i z e d  i n  t h e  f o m  of a seam with a s i n g l e  doubler .  
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FIGURE 3.35 

UTILIZATION OF FOUR-THICKNESS ULTRASONIC WELDS 

SEAM WITH DOUBLERS 

3-126 

77n - I  



Engineering Report 
15091 

It is  concluded t h a t  s p e c i a l  u l t r a s o n i c  welding equipment, providing much 
g r e a t e r  r i g i d i t y  fo r  p r e c i s e  spacing cont ro l ,  is required f o r  t h e  develop- 
ment of high s t rength ,  l o w  permeabi l i ty  welding of t w o  th icknesses  of .25 
Mylar C .  

Such equipment would probably be q u i t e  massive, employing m i l l i n g  machine 
type ways fo r  support ing t h e  t r a n s p o r t  t a b l e ,  However, t h e r e  i s  no assurance 
t h a t  such r i g i d  equipment would e l imina te  a l l  problems of concent ra t ing  t h e  
optimum welding energy a t  t h e  very p r e c i s e  po in t  required for s a t i s f a c t o r y  
welds a 

It is not recommended t h a t  any add i t iona l  u l t r a s o n i c  welding development be 
undertaken f o r  LHz expuls ion bladders .  
only if u l t r a s o n i c  welds were shown t o  be equal  o r  supe r io r  to adhesive (or 
thermal) type seams i n  all sf t h e  fol lowing c h a r a c t e r i s t i c s :  

Addit ional  e f f o r t  would be warranted 

Seam S t reng th  
Low Seam Permeabi l i ty  
Ease of making seams i n  bladder conf igura t ion  

-270 - I 
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3 .9  Inter-Ply I n f l a t i o n  Study 

The in te r -p ly  i n f l a t i o n  study was added t o  t h i s  program because of t h e  
e a r l i e r  observat ion t h a t  an i n f l a t i o n  phenomenon occurred occasional ly  
i n  multi-ply mater ia l  samples when they were removed from a cryogenic 
l i q u i d ,  Experience w i t h  some t i g h t l y  bonded laminates,  which w e r e  
twis t - f lexed i n  l i q u i d  n i t rogen  or hydrogen and then  warmed t o  room 
temperatures,  showed the  development of small bubbles on the  sur face .  
These bubbles appeared t o  be highly pressurized w i t h  gas and could only 
be a t t r i b u t e d  t o  t h e  vapor iza t ion  of some l i q u i d  which permeated the 
f i l m  during submersion. 

The apparent phenomenon i s  t h a t  the cryogenic l i q u i d  i s  capable of 
passing through t h e  f i l m  a t  t h e s e  low temperatures but cannot escape 
back out  through t h e  f i l m  when t h e  f i l m  i s  warmed t o  room temperatures.  

This has a l s o  been previously confirmed i n  loose ly  bonded samples 
where a 4" x 11" sample w a s  sea led  around t h e  circumference and submerged 
i n t o  a cryogenic l i q u i d  and then removed. The r e s u l t i n g  p res su r i za t ion  
caused t h e  sample t o  expand f o r  an extended period of time. 
3.36 and 3 -37) .  

(Figures  

Based on t h e  observat ion of t h i s  phenomenon, a l l  samples t e s t e d  i n  t h i s  
program have been observed f o r  i nd ica t ion  of s i m i l a r  i n f l a t i o n .  Many 
samples have shown various amounts of i n f l a t i o n  but only a few cases  
have r e s u l t e d  i n  severe i n f l a t i o n  and ma te r i a l  f a i l u r e .  The most s e r ious  
case occurred following t h e  twis t - f lex ing  of a 5 ply Kapton sample 
T210-5 i n  l i q u i d  n i t rogen .  Upon removal, t h e  sample l i t e r a l l y  blew up. 
Examination, however, showed t h a t  only t h e  ou te r  ply was f r ac tu red  and 
a permeation measurement was poss ib l e  because of t h e  i n t e g r i t y  of t h e  
remaining plys ,  i nd ica t ing  permeation was l imi t ed  t o  the  ou te r  p l y s  
i n  t h i s  case .  

Tes ts  t o  examine t h i s  phenomena were conducted on var ious Twist-Flex 
samples from Schjeldahl  and Sea Space Systems, Inc. (SSS). The da ta  
from these  tests was of a random nature  even a f t e r  t h e  number of 
samples used f o r  such t e s t i n g  was doubled. Addit ional  emphasis was 
appl ied t o  t h i s  a r ea  and a more complete study was undertaken. 
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FIGURE 3.36 

ILLUSTRATION OF FLAT AMI CYLINDRICAL 
SAMPIJ3S BEFORE AND AFTER INFLATION 

B E F O R E  

0 
A F T E R  

T O P  
VIEW - 

CYLINDRICAL S A M P L E  

4" x 11" F L A T  S A M P L E  
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IKTER-PLI' PRESSURIZATIOIY S&LPLES 
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3 . 9 , 1  Tes t ing  Procedure 

T e s t s  w e r e  conducted i n  t h i s  program on t e n  samples with varying ma te r i a l  
c h a r a c t e r i s t i c s ,  such as number of p l y s ,  type  of material and var ious 
seams and gauge th ickness ,  The procedure used is as follows: 

1. 

2. 

3. 

4. 

5 ,  

6. 

Each sample was placed on a f l a t  sur face  and norma1 i n f l a t i o n  
observed 

Each sample received a permeation test  t o  provide an ind ica t ion  
of bas i c  ma te r i a l  poros i ty  

The sample w a s  then submerged i n  l i qu id  hydrogen without any t w i s t -  
f l ex ing  f o r  a per iod of f i v e  minutes. 

The sample was then removed rap id ly  from the l i qu id  and from the  
apparatus  and returned t o  room temperature wi th in  15 seconds. 

The sample w a s  then  placed on a f l a t  su r f ace  and again noted f o r  
amount of i n f l a t i o n  by measuring the  height  of the  c e n t e r  of  t he  
sample above t h e  su r face ,  

These samples were then given t h e  r egu la r  tw i s t - f l ex  test and in- 
f l a t i o n  noted a f t e r  t e s t  and upon warning to room temperature.  

3 . 9 . 2  T e s t  Resul t s  of Inter-Ply I n f l a t i o n  Samples 

The following t e a t s  w e r e  conducted on samples selected from regu la r  
tw i s t - f l ex  sample groups 

Figures 3.38, 3.39 and Table  3.12 record t h e  r e s u l t s  of t hese  
tests. There appears to be l i t t l e  c o r r e l a t i o n  of t i m e  t he  sample is sub- 
merged t o  expansion of t h e  smp1e  i n  these tesks. 

TABU 3.12 

INTER-PLY HNFLA" IOE SREMPLE TEST DATA 

T-105 Descr ip t ion  S i m i l a r  t o  T-101 with add i t ion  of f i b e r s  
30 p lys  of .lo m i l  polyethylene assembled i n t o  
15 merfab elements with 40 den ie r  HY (nylon) 
f i b e r s  1/8" on cen te r s .  

Edges seamed w i t h  S l l O  adhesive between each 
p l y ,  Closing tape  around edges of sample. 
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Permeation 
cc/sec I n f l a t i o n  

Before Af t e r  

-4 .0013 3/16" high cy l inde r  when 1" high a t  c e n t e r  of 
gas forced  t o  one end of sample 
sample 

-5 .0086 3/16" high cy l inde r  when 1" high a t  cen te r  of 
gas  forced  t o  onekend of sample 
sample 

After Twist-Flex T e s t  -4 .07 cc/sec and no i n f l a t i o n  noted. 
-5 .033 ec/ssc and no i n f l a t i o n  noted. 

T207 Descr ip t ion  10 p lys  of .25 m i l  Mylar C 
Edges seamed wi th  GT 100 t ape  
Horizontal  and v e r t g c a l  seams i n  f i e l d  
GT 300 c los ing  Cape 
Lap seams using GT 100 adhesive 
End seams of fol lowing samples cut  off and reseamed 

by NASA 

Permeation 
cc/sec I n f l a t i o n  

Be9 ore  Af t e r  

- 9. 0 1/16'' high cy l inde r  when 1.8'* high a t  c e n t e r  of 
gps forced  t o  one *end of sample 
sample 

-1 0 0 1/16" high cy l inde r  when 1.8" high a t  center of 
gas forced  t o  one end of sample 
sample 

After Twist-Flex T e s t  -9 s p l i t  prevented permeation tes t  - n o p r e s s u r e  nat'ed. 
- 10 .028 cc/sec and no i n f l a t i o n  noted. 
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TABLE 3.12  (contd,)  

T208 Descript ion 

Be rmea t ion  
C@/S;eC 

-9 .81 

-1 8 * 001 

5 p lys  of .25 m i l  Mylar 0: 
F l a t  sample with hor izonta l  seams 
Butt  3eams using Pliobond 2Q with tape  
Ends seamed 8s noted 

I n f l a t i o n  

Before Af t e r  

1/16'' high cy l inde r  when .75" high a t  cen te r  of 
gas forced  t o  One end Qf sample 
sample 

1/16'' high cy l inde r  when 
gas forced t o  one of sample 
sample 

1.25" high a t  cen te r  of 

After Twist-Flex T e s t  -9 .0833 cc/sec and no i n f l a t i o n  noted. 
- 1 0 s p l i t  prevented permeation test - no i n f l a t i o n  noted. 

Permeation 
cc/sec 

Before 

None -5 i e 8016 

-8 8023 None 

LN2 

-9 a 082 LH2 Nons 

I n f l a t i o n  

A f  t e r  

None 

None 
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TABLE 3.12 (contd.)  

Cyl indr ica l  samples 
10 p ly  of .15 m i l  Mylar C 
Horizontal  and v e r t i c a l  seam 
Lap type of seam 
GT 100 adhesive between p lys  on seams 
GT 300 c los ing  tape  

Permeation 
cc/sec I n f l a t i o n  

Before Af te r  

-4 - Mode r a  t e 1.3" t h i c k ,  cen te r  
c losed  t i g h t  

-5 - S1 igh t  1.3" t h i c k ,  cen te r  
c losed t i g h t  

S p l i t t i n g  of o u t e r  p lys  prevented any permeation or  inf la tLon ana lys i s .  
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Sample 
No 0 

T236 

-9 
-18 

- 

T237 

-8 
-9 
-10 
-16 
-a7 
- 18 

- 

-19 

-28 

TABLE 3.12 (contd) 

Permeab i 1 it y Permeabili ty Time 

18 p lys  of -15  mil Mylar G 

Before T e s t  After  Test Submerged 

8 ., OO2Q 1 mine 
0 0 013 5 min. 

18 pBys of .25 m i l  Mylor C 

e 8093 
80866 

e 8810 
8856 

0 
0 
0 
8 

0 
0 
8 

0 
Q 
8 

1 min. 
5 min. 

15 mine 
5 min, 
5 min. 
1 min. 
5 min. 

15 min. 

1 min. 
5 min. 
15 min. 

B min. 
6 min. 

15 m i n .  

2 p lys  of .%5 m i l  Mylar C 

.837 15 see. 

.013 B min. 
00264 5 min. 

6426 15 see. 
.823 1 min. 
,8096 5 min. 

.8813 38 see. 
a 851 P min. . Q98 5 min. 

810 
D 031 
031 

30 see. 
1 min. 
5 min. 

Engineer 

I n f l a t i o n  Height 
A f t e r  T e s t  

0 
8 
B / P  

8 
0 
1/8" 

8 
1/4lo9 
2-1/8Qp 

8 

7116°' 
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Permeabi l i ty  
Sample No. Before T e s t  

TH3, Continued . 

TN4 Descr ipt ion 

-3 (1) 0 
( 2 )  

TABLE 3.12 (eontd. 

Permeabi l i ty  Time I n f l a t i o n  Height 
After T e s t  Submerged After T e s t  

0 30 see. 0 
0016 1 min. 0 
0093 5 min. 1 /8 I' 

2 p lys  .25 Mylar C 
1 ply  spun-bonded Dacron 

0 
0 
0 

0 
0 
0 

1 5  see. 
1 min. 
5 m i a .  

15 see. 
1 min. 
5 min. 

0 30 see. 
0 1 min. 

0 

0 

30 see. 
1 min. 
5 min. 

0 30 see. 
0 1 min. 
0 5 min. 

0 
0 
5/16" 

0 
0 
1/8" 

7/16 I' 

1/2" 

0 
0 
0 

0 
0 
1/4" 
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FIGURE 3.38 

INTER-PLY T NFLAT ION 

3 

2 . 5  

2 
m 
a, 
?c 
U 
r: 
G 

U 

.- 
a) 
4 

$1.5 
id 
3 
-H 
0 

. 5  

0 
I 

T237  -l@ 

Time Submerged in  M i n u t e s  

* Reference Table 3.12 f o r  Description of Samples and Test 
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FIGURE 3.39.1 

INTER-PLY INFLATION 

T N 3  Samples 
2 . 5  

2.2 

2 

1.75 

+ 3 

?? 
u 
c 
j . 7 5  

2 

2 
4 - 5  

u 

d 

. 2 5  

0 
1 2 3 4 5 

Time SubmtArged i n  Minutes  

* R e f e r e n c e  T a b l e  3 .12 f o r  D e s c r i p t i o n  of Samples  and T e s t  

3-138 



E Zineering Report 
ER 15091 

FIGUFE 3.39.2 

INTER-PLY INFLATION 

T N 4  

. 5  

.3‘i 

. 2 5  

.12 

1 2 3 1 1 
r 
J 

Time Subn?targ:ed i:i Mi1iutt.s 

* R e f e r e n c e  T a b l e  3.12 f o r  D e s c r i p t i o n  o f  Samples and ‘Yest 
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'3.9 ~ 2 T e s t  Resul t s  (Continued) 

INTER-PLY INFLAT I O N  TESTS 

The following t a b l e  shows t h e  r e s u l t s  of t e s t i n g  15 inter-ply i n f l a t i o n  
samples f ab r i ca t ed  by NASA-Lewis wi th  varying numbers of spun-bonded 
l aye r s  between t h e  .25 Mylar. 

TABU 3.13 

Inter-Ply I n f l a t i o n  Sample T e s t s  (Spun-Bonded) Data 

Sample Permeabi l i ty  Permeabi l i ty  Time * I n f l a t i o n  Height 
No 0 Before T e s t  A f t e r  T e s t  Submerged A f t e r  T e s t  

NAS A-Lew is  

TN5 Descr ip t ion  

-1 (1) 0 
(2 0 

-3 (1) 0 
(2 0 

TN6 Descr ip t ion  

2 plys  .5 m i l  Mylar "C" 
1 ply spun-bonded Dacron 

0 
0 

0 
0 

1 min. 
15 min. 

1 min. 
15 min. 

0 5 min. 
0 15 min. 

0 
0 

5 min. 
15 min. 

0 5 min. 
0 15 min. 

3 p lys  .5 Mylar "C" 
2 p lys  spun-bonded 

-1 (1) 0 0 1 min, 
(2 1 0 0 15 min. 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

* A f t e r  removal from test apparatus .  
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TABLE 3.13 (contd.) 

S amp le  Be me a b i l  i t y Permeabi l i ty  Time * In f l a t ion  Height 
N o .  Before T e s t  Af e s t  Submerged 

'EN7 Descript ion 5 pdys - 5  Mylar 'V9 
4 pdys spun-bonded 

-1 (1) 0 0 1 min. 
(2) 0 8 15 min. 
(31 0 0 ** 

0 25 
Ruptured Ply 
0 

-2 (1) 8 8 1. min. Ruptured Ply 
(2) 0 8 ** - 5  

0 
10 

30 sec. 
*% 

5 min. 
15 min. 

Ruptured Ply 
,5 

2- 0 
Ruptured Ply 

-5 (11 0 5 min. Ruptured Ply 

TN8 Descr ipt ion 1.0 pdys .5 Myla r  ' ' ' G ~ ~  
9 p lys  spun-bonded 

-2 (l) 0 1 min. 

8 

8 

082 30 sec.  
0 ** 
0 
0 

30 sec. ** 
8 3Q sec. 
0 ** 

Ruptured Ply 

Ruptured Ply 

Ruptured Ply 
0 

Ruptured Ply 
.a  

Ruptured Ply 
-1 

*After removal from test  apparatus .  
**Submerged overnight with slow warm-up. 
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3,9.3 Rapid & Slow Warm-up In te r -P ly  I n f l a t i o n  T e s t s  

Very l i t t l e  add i t iona l  da ta  would be der ived from continued t e s t i n g  of each 
sample t o  a v a r i e t y  of submerged t i m e s  ranging from 15 seconds t o  15  minutes. 
The previous da t a ,  p lus  the 15-minute LH submergence da ta ,  i n d i c a t e s  f o r  the 
TN3 and TN4 series (see t abu la t ion  on foflowing pages f o r  descr ip t ion)  t h a t  
t he  degree of i n t e r -p ly  i n f l a t i o n  i s  not necessa r i ly  a func t ion  of t i m e  sub- 
merged. The da ta  f o r  TN5, TN6, ThT7 and Thi8 demonstrates t h a t  t he  degree of 
i n f l a t i o n  f o r  t hese  samples was genera l ly  the  same, whether they  were sub- 
merged f o r  30 seconds or f o r  15 minutes. Therefore,  i t  was considered t h a t  
a 1 minute submerging i n  LMI would provide adequate rap id  warm-up d a t a  f o r  
t he  remaining NASA-Lewis samples. 2 

1 

* ,  * ,  1 Since previous Study'had failed t o  
e l imina te  o r  f u l l y  expla in  the phenomena, e f f o r t  was expended t o  e s t a b l i s h  
whether t h i s  condi t ion might be expected t o  occur on t h e  bladders  f o r  Task  I1 
LMI expulsion t e s t i n g .  A t o t a l  of 24 N A S A - k R C  samples were subjec ted  t o  a 

the LEI had boi led  away and they  gradual ly  re turned t o  ambient temperature - 
thebexact condi t ions usua l ly  imposed on a bladder i n  expulsion t e s t ing .  
The sample was removed from the dewar the  next rnorning,'at which t i m e  the  
i n f l a t i o n  was measured. 

The t abu la t ion  which fol lows provides a d i r e c t  comparison of i n f l a t i o n  occur- 
r i n g  from the  rap id  warm-up (immediate r e t u r n  t o  ambient temperature) end the 
s l o w  warm-up (overnight r e t u r n  t o  ambient temperature).  I t  should be noted 
t h a t  t h e  test  r e s u l t s  (slow OF r ap id  warm-ups) a r e  shown i n  the o rde r  i n  
which the t e s t s  w e r e  conducted. The t i m e  submerged i n  IaM was l minute f o r  
t h e  r ap id  warm-up tests, unless  otherwise indicated.  The desc r ip t ion  fo.lllow- 
ing  each sample group des t ina t ion  shows the  numbers of p lys  of:Mylar os Spun- 
bonded po lyes t e r  (8 t o  PO m i l s  t h i ck )  comprising each sample. The Mylar and 
Spun-bonded a r e  a l t e r n a t e d ,  p ly  f o r  p ly ,  i n  a l l  b i -mater ia l  samples, 

SHOW warm-up'9 test. These samples were kept i n  the  dewar overnight u n t i l  t f  

2 

\ 

2 
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TABLE 3.14 

Inter-Ply I n f l a t i o n  Sample Tes t s  (Rapid Slow Warm-up) Data 

Permeabi 1 it y 
Sample No. Before Af t e r  Warm-up Rate 

cc/sec 0 

- TN12 Descript ion:  10 -p ly  .5  Mylar "C" 

-1 0 0 Slow 
0 0 Rapid 

-2 0 0 Slow 
0 0 Rapid 

-3 0.0 0.001 Slow 
0.001 0.0 Rapid 

Inf 1 a t  i on  
Inches 

1 
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TABLE 3.14 (contd.)  

Permeabi l i ty  

cc/se c. 
Sample No. Before Af t e r  Warm-up R a t e  

- TN3 

-1 .037 .013 Rapid 

Description: &ply .25 Mylar "C" 

.006 -034 Slow 

-2 .025 .023 Rapid 
009 ,812 Slow 

-3 . 001 .051 Rapid 
e 066 . o m  Slow 

0 

I n f l a t i o n  Inches 

1 

a, 
k 
7 
4J a 

2 2  

- TN4 Description: 2-ply .25 Mylar "CVP; (1) Spunbonded 

-1 

-2 

-3 

0 0 Rapid 
0 0 Slow 

0 0 Rapid 
0 0 S l o w  

0 0 Rapid 
0 0 Slow 

- l'N7 Description: 5-ply . 5  Mylar ppCoQ; (9) Spunbonded 

-1 

-2 

-3 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Rapid 
Slow 

Rapid 
Slow 

Rapid* 
Slow 

I S  ( 9  ~ TM8 Description: 1o-lpPy .5  Mylar C , (9) Spunbonded 

-3 0 .002 Rapid* 

qe 

e 002 0 Slow 

*30 seconds submerged 
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TABLE 3.14 (contd.) 

Be me a bi l i t y a, 
k 
7 
CJ 

Before A f t e r  Warn-upRate I n f l a t i o n  Inches 
cc/sec. a 

-5 0 Q Rapid* 
0 8 Slow 

-5 0 8 Rapid* 
0 8 Slow 

%GO second test  

739 Description: 5-ply 25 Mylar O°CoO; (4) Spunbonded 

-1 

-2 

-3  

0 005 .008 Slow . OQ8 0 Rapid 

8 0 S l o w  
8 -005 Rapid 

Q Q S l o w  
0 0 Rapid 

- Wl.0 Description: 10-ply 25 Mylar O°CgO; (8) Spunbonded 

-1 

-2 

-3 

T N I . ~  

-9 0 0 Slow 

Description: 5-piy a 5 Mylar o o ~ v O  

(0 0 Rapid 

-2 0 0 Slow 
Q 0 Rapid 

-3 0 8 Slow 
0 0 Rapid 

**Tested with hole  (through edge seam) i n t o  one i n t e r s t i c e .  
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TABLE 3.14 (contd,  ) 

The fol lowing conclusions a r e  der ived from t h e  preceding tabula t ion :  

1. In a l l  cases  except one, t h e  slow warm-up of a sample produced less 
i n f l a t i o n  than  t h e  r ap id  warm-up. 

2. I n  genera l ,  t h e  inc lus ion  of fou r  or m o r e  Spun-bonded p lys  (very porous 
and 10 m i l s  t h i c k )  s u b s t a n t i a l l y  increased t h e  i n f l a t i o n  encountered 
i n  multi-ply Mylar samples a s  was predic ted .  

3 .  In  genera l ,  t h e  amount of i n f l a t i o n  increased a s  the  number of p lys  
were increased.  

4.  Thickness is  not a s u b s t a n t i a l  f a c t o r  f o r  Mylar i n  t h e  range of .25  
m i l  t o  .5 m i l .  

5. L i t t l e  or no c o r r e l a t i o n  can be e s t ab l i shed  between permeabi l i ty  of 
t h e  c h a r a c t e r i s t i c s  of t h e  sample and i t s  in t e r -p ly  i n f l a t i o n  
behavior.  
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3 ~ g - 4  General Conclusions 

The LM in te r -p ly  i n f l a t i o n  study has r e su l t ed  i n  t h e  following general  
conclusions and observat ions:  

2 

1. Liquid hydxogen and nizrogen permeate through a p l a s t i c  f i lm when 
it is submerged i n  t h e  l i qu id .  

2 ,  When two f i lms  are joined toge the r  around t h e  circumference as i n  
t h e  case of t h e  4" x 11'' f l a t  samples, t h e  cryogen which permeates 
through the f i lms  i n t o  %he in t ex fo r  of t h e  sample is trapped when 
t h e  sample is removed and warmed up t o  xoom temperatures, 

3. The cxyogen which permeates in to  the  sample expands when warmed 
and pressur izes  t h e  t i g h t l y  closed sample, The expansion r a t i o  
f o r  hydrogen is 784 and fox n i t rogen ,  646, 

4. The a b i l i t y  fox t h e  cryogen do  pemea te  through t h e  sample when it 
is cold ,  and y e t  no6 be ab le  t o  escape from t h e  sample when it is  
warmed, i s  the  phenomenon which is  not  f u l l y  understood. 

5 .  "Cryo-pumpingpn has  been p a r x i a l l y  subs tan t ia ted  as a cause by the  
increased i n f l a t i o n  of TN7, 'SM8, TN9, and TM10 samp1.e~ over s t r a i g h t  
Mylar samples. The r e s idua l  gas wi th in  t h e  porous spun-bonded ply5 
cools  down and causes a vacuum, drawing i n  LH through t h e  f i lm under 
a d i f  f e r e n t i a l  p ressure  of approximately one atmosphere. Upon wam- 
up, t he  f l u i d  t u r n s  t o  gas ,  expands and i n f l a t e s  t h e  sample. The 
d i f f e r e n t i a l  p re s su rep  during warn-up, is r e l a t i v e l y  low s ince  t h e  
sample would bu r s t  above 1 o r  2 p s i ,  

2 

6 ,  Cryo-pumping of s t r a i g h t  Mylar samples would r e s u l t  i n  t h e  co l laps ing  
of t h e  sample u n t i l  t he  voids causing t h e  vacuum w e r e  e l imina ted ,  
unless such conai t ion  resu l ted  e n t i r e l y  from micxoscopic voids 
Therefore ,  and i n  view of some i n f l a t i o n  of var ious multi-ply Mylar 
samples, t he  zheory of phys ica l  'mierosoopic opening'* of t h e  f i lm a t  
cryogenic temperatures t o  admit Ls% cannot be discarded.  2 

7, The permeabi l i ty  of hydrogen gas through Kapton f i l m  is  2 .5  t imes 
t h a t o f Mylar f i lm and 6 t i m e s  t he  permeabi l i ty  with n i t rogen  
gas .  This  would ind ica t e  thaz t h e  cryogen would permeate t h e  Kapton 
sample more r ead i ly  but  should a l s o  escape equal ly  as easy. The 
t r a n s i t i o n  poin t  i n  which t h e  gas is  allowed t o  permeate i n t o  t h e  
f i lm ,  but not escape, i s  not  known ox considered of c r i t i c a l  impor- 
tance  
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3.9.4 General Conclusions (continued) 

8. A g r e a t e r  i n t e r s t i t i a l  volume caused by wrinkl ing or seaming would 
p e r m i t  a g r e a t e r  volume of l i q u i d  t o  be forced i n t o  a sample. 

9 .  The f a s t e r  t h e  warm-up of t h e  sample, t h e  g r e a t e r  t h e  i n f l a t i o n  
e f f e c t  due pr imari ly  t o  t h e  leakage of expanded gas by normal 
permeation a t  ambient temperature. The length  of t i m e  t h a t  t h e  
sample was submerged i s  not a c r i t i c a l  parameter i n  t h e  amount 
of blow-up providing t h e  i n i t i a l  time i s  s u f f i c i e n t  t o  permit 
t h e  i n t e r n a l  and ex te rna l  pressure t o  approximately equal ize .  

10. The c o r r e l a t i o n  of information obtained from f l a t  samples and 
sphe r i ca l  bladders  must b e  made with some q u a l i f i c a t i o n s .  The 
i n f l a t i o n  of t h e  gas between t h e  p l y s  of a loose ly  laminated multi-  
p l y  bladder w i l l  r e s u l t  i n  t h e  inner  p l y s  being expanded inwardly 
and thus  not tend t o  overpressur ize  t h e  bladder u n t i l  t h e  inner  
bladder has become f u l l y  co l lapsed .  This is  a r e a l  p o s s i b i l i t y  
s ince  t h e  a rea  of t he  bladder is  approximately 2 6  t imes t h a t  of 
a 4" x 11" f l a t  sample and, t he re fo re ,  a g r e a t e r  t ransmission 
occurs .  The o the r  problem which i s  inherent  i n  a multi-ply bladder 
i n  which each p l y  i s  separated from t h e  adjacent p l y s  is  t h a t  
t h e  var ious p l y s  w i l l  r ece ive  varying amount of gas t ransmission 
and w i l l ,  t he re fo re ,  expand a t  d i f f e r e n t  r a t e s .  

3-148 

.93-32364. _. 



Engineering Report 
ER 15091 

3.10 Task 1 - General Conclusions 

3 10.1 Permeabili ty S tud ie s  

The permeabili ty s t u d i e s  descr ibed i n  Sec t ion  3 . 5  and t h e  da t a  
obtained on the  tw i s t - f l ex  samples produced a mass of information u s e f u l ,  
not only for bladder  material s e l e c t i o n  but a l s o  yielded b e t t e r  material 
permeabi l i ty  d a t a ,  

Permeabi l i ty  v a r i e s  not only from mater ia l - to-mater ia l  , but from one batch 
of t he  same material to anocher. 
apparent ly  i s  caused by handl ing,  r e - ro l l i ng ,  e t c .  and should be minimized 
by s p e c i a l  con t ro l  i n  acceptance and f a b r i c a t i o n  techniques t o  maintain 
l o w  i n i t i a l  permeabi l i ty ,  

The var iae ion  i n  permeabi l i ty  d a t a  

‘.The value of s eve ra l  pBys of ~ h i n  f i l m  r a t h e r  than a s i n g l e  f i lm  of g r e a t e r ,  
t h i c k n e s s  w a s  e s t ab l i shed  from the  f l e x i b i l i t y  s tandpoint  as w e l l .  as 
e f f i c i e n t  reduct ion of gas  t ransmission,  

Helium permeates through a f i lm of 0,225 m i l  Mylar  and a l a y e r  of water 
without v i s i b l e  bubbles up t o  a rate of 0.0006 cc/sec/sq.  inch. Defects 
i n  t h e  f i lm  i n d i c a t e  v i s i b l e  bubbles a t  a l e s s e r  gas t ransmission r a t e ,  

A c o r r e l a t i o n  bezween t h e  DuPont d i e l e c t r i c  q u a l i t y  con t ro l  procedure f o r  
Mylar and gas  t ransmission should be inves t iga ted  by f u r t h e r  t e s t i n g  under 
s p e c i a l  c o n t r o l  condi t ions ,  The s e l e c t i o n  of  uniform bladder material by 
t h e  DuPont procedure would be valuable  i f  t h i s  add i t iona l  i nves t iga t ion  
proved t h e  consistency of resulzs .  

It is necessary i n  s e l e c t i n g  a m a E e r i a E  f o r  bladders  t o  determine i n  
advance t h e  permeabiliky rate acceptable  and to f ind  a ma te r i a l  which 
w i l l  not permit any more than  xhis  r a t e  during t h e  cycles of opera t ion  
an t i c ipa t ed  during 17;s noma1 use.  It is obvious th.ere is no such th ing  
as zero permeabi l i ty  Noen dea l ing  with 0,15 and 0.25 m i l  Mylar. 

3 II 10.2  Themo-Formed Mylar 

Tes t s  conducted i n  this parograa show tha-t Myla r9  when thermally formed 
under hea t  and pressure ,  l o ses  its r e l a t i v e l y  good c h a r a c t e r i s t i c s  of low 
permeabi l i ty  and high cycle f l e x i b i l i t y  i n  l i qu id  hydrogen. The f a c t  
t h a t  bladders  a r e  successfu l ly  f ab r i ca t ed  by seaming gore shaped sec t ions  
toge the r ,  minimizes the  urgent  need f o r  thermo-forming. A one- o r  two- 
p iece  bladder ,  so formed, however, should add to t h e  t o t a l  r e l i a b i l i t y  of 
a bladder i f  t h e  f i l m  c h a r a c t e r i s t i c s  are not  s e r ious ly  a l t e r e d ,  
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3 ..1~. 3 S eaming 

The seaming s t u d i e s  showed t h a t  a l l  materials considered i n  t h i s  program 
can be seamed s a t i s f a c t o r i l y  f o r  cryogenic expulsion bladder service by 
use of conventional l a p  o r  b u t t  type  j o i n t s .  The use of Schje ldahl  GT 
t apes  and adhesives o r  Sea Space S-110 o r  S-114 adhesive can be used f o r  
seaming s p e c i f i c  materials as demonstrated i n  samples t e s t e d  i n  Sec t ion  
3.5. D e t a i l s  f o r  s p e c i f i c  seams can be found i n  Sec t ion  3.8. 

3.10.4 Ul t rasonic  Seaming 

Among seam-bonding techniques which were evaluated under Task I was t he  
u l t r a s o n i c  welding process.  This  w a s  accomplished i n  t h e  form of f e a s i -  
bil i ty/development s tud ie s  f o r  t h e  u l t r a s o n i c  welding of 0.25 m i l  Mylar 
C, I t  w a s  u l t ima te ly  es tab l i shed  t h a t  u l t r a s o n i c  welds of s a t i s f a c t o r y  
permeabi l i ty  and s t r e n g t h  i n  two thicknesses  of 0,%5 m i l  Mylar C a r e  not 
r e a d i l y  a t t a i n a b l e ,  though such welds were accomplished i n  four  
thicknesses  of t h e  Mylar f i lm.  I t  w a s  concluded t h a t  u l t r a s o n i c  welding 
of p l a s t i c  f i lm presented no advantages over  o t h e r  fully-developed seaming 
methods and would not be employed i n  t h e  f a b r i c a t i o n  of bladders f o r  Task 
I1 

3.10-5 In t e rp ly  I n f l a t i o n  

The phenomena of a l i qu id  (such as hydrogen) pene t ra t ing  a p l a s t i c  f i lm ,  
and then  being unable to escape as a gas following warm-upp received 
ex tens ive  study under Task I .  Regular tw i s t - f l ex  samples and a l a rge  
number of s p e c i a l  samples from NASA-LeRC w e r e  submerged i n  l i q u i d  
hydrogen f o r  varying lengths  of t i m e  and then w e r e  subjected t o  rapid 
o r  overnight warm-up, Though t h e  phenomena is not  f u l l y  understood, 
considerable  d a t a  was obtained from t h i s  s tudy ,  and it w a s  concluded 
t h a t  i n t e r p l y  i n f l a t i o n  would not present  any se r ious  problems i n  t h e  
bladders  being procured f o r  Task 11. Bladder t e s t i n g ,  however, d id  
r evea l  d i f f i c u l t y  i n  i n s t a l l a t i o n  and removal as w e l l  as i n  t h e  f t l l i n g  and 
expulsion cyc l ing  when using an "inx$ard" expulsfod technique, 

. . .  
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3.10.6 Twist-Flex Tes t  Resu l t s  

The ind iv idua l  materials and composites w e r e  analyzed i n  d e t a i l  i n  Sec t ion  
3-4. An eva lua t ion  w a s  made following t h e  t es t  d a t a  of m a t e r i a l s  from 
each s u p p l i e r .  The eleven bes t  ma te r i a l  samples from a l l  sources  as based 
upon t h e  parameter of cyc le  l i f e ,  permeabili ty,  and genera l  appearance a re :  

T-107 
T-109 
T-110 
T-114) 
T-121) 
T-119 
T-124 
T-211 
T-213 
T-212 
T-236 
T-237 

0.15 m i l  Mylar(9-ply)/Merfab (10-ply) 
0.15 m i l  Mylar (30-ply) 
O S 1 5  m i l  Mylar (10-ply) 

( Nomex (3-ply)/0.15 m i l  Mylar (12-ply)/ 
( 0.10 m i l  Poiy (8-ply) 

0 , 2 5  m i l  Myla r  (30-ply) 
Nomex (3-ply)/0.15 m i l  Mylar (10-ply) 
0,15 m i l  Kapton (10-ply) 
Dacron (3-ply)/0.25 m i l  Mylar  (10-ply) 
Nomex (3-ply)/0.25 m i l  Mylar  (10-ply) 
0 2 1 5  m i l  Mylar (10-ply) 
0 25 m i l  Mylar (10-ply) 

F igure  3.40 shows t h e  permeabili ty of t h e s e  samples  a f t e r  200 LH tw i s t - f l ex  
cyc le s .  
or higher  permeabi l i ty ,  or both, and t h e r e f o r e  are not compared i n  t h i s  
f i g u r e .  It  should be noted t h a t  T-114 and T-121 a r e  i d e n t i c a l  i n  
cons t ruc t ion  and would normally c a r r y  t h e  same code number except t h a t  
they  were obta ined  a t  d i f f e r e n t  t i m e s .  T-110 and T-236 a r e  t h e  same 
material  but were obta ined  from d i f f e r e n t  manufacturers. 

2 
A l l  o t h e r  samples t e s t e d  on t h i s  program had a lower cyc le  l i f e  

Bladder ma te r i a l  s e l e c t i o n  w a s  based upon t h i s  d a t a  and upon o t h e r  
sub jec t ive  cons ide ra t ions  gathered from t h e  appearance and a c t i o n  of each 
sample  during t e s t i n g .  
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FIGURE: 3.40 

TWIST-FLFX AND PEFWEABILITY COMJ?ARISON 
OF BEST MATERIAL COMPOSITES -- ___l-_l ----- 

200 Twist-Flex Cyclesjn LH2 

T237 

T2 36 

T2 13 

T2 12 

p: 

! T211 

! v1 

T119 

T114 
T121 

T l l O  

T109 

T107 

ooo 

0 

m 

0 
,013 
.016 

L-l A .023 

0 0 

0 0 0 

0 
. 0 13 
.014 

, , 1 , 1 1 

0 .001 ,002 Q03.004.005 .006 .007.008.009.010 .011.012 

Permeabili ty i n  CC/Sec (30 Sq. In . )  

* Samples and T e s t  Conditions are Described i n  Sect ion 3 .5 .  
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3.10.7 Bladder Mater ia l  and Fabr ica t ion  Recommendations 

The o r i g i n a l  ma te r i a l s  s e l ec t ed  f o r  t h e  program a r e  s t i l l  considered t o  be 
t h e  bes t  f o r  cryogenic expulsion bladders ,  These have included Mylar C, 
Kapton, .10 m i l  polyethylene,  Momex, Dacron i n  var ious combinations. 
Resul ts  have genera l ly  shown t h a t  t h e  t h i n  f i l m  Mylar exceeds a l l  o the r  
ma te r i a l s  f o r  a b i l i t y  t o  maintain f l e x i b i l i t y  a t  cryogenic temperatures.  
It f u r t h e r  has  a r e l a t i v e l y  low permeabili ty value f o r  i t s  th inness ,  
Kapton has a l s o  shown exce l len t  q u a l i f i c a t i o n s  a s  0 . 5  m i l  f i l m  and should 
be even b e t t e r  i f  manufactured i n  0 .25 m i 2  th ickness .  

Comments regarding promising bladder mater ia l  combinations a r e  a s  follows: 

ME3"A.B - .15 M I L  MYLAR C COMBINATION 

T107 r ep resen t s  a t y p i c a l  composite using Merfab and Mylar. Although 
an i n f i n i t e  number of lamination a l t e r n a t i v e s  a r e  possible ,  t h i s  p a r t i c u l a r  
combination of a l t e r n a t i n g  p l y s  gave t h e  lowest permeabi l i ty  a f t e r  200 
cyc les  of T-F t e s t i n g .  It i s  included i n  Figure 3.40 which compares the  
twelve bes t  mater ia l  samples. Other similar conf igura t ions  a r e  those  
found i n  T104, T l l 1 9  T112, T115, T116, and 3'122. 

This combination was se l ec t ed  f o r  bladders  because of i t s  good T-F 
performance i n  LH2 and low permeabili ty before  and a f t e r  Twist-Flex. 
The ma te r i a l  w a s  designated BS 15108, Type 1, f o r  bladder f a b r i c a t i o n  
by SSS. See Figure 3-41.  

The composite with two Mylar p l y s  adjacent and a l t e r n a t e d  with one Merfab 
was considered super ior  f o r  permeabili ty blockage of microscopic holes  
i n  the  Mylar b a r r i e r  plys .  

NOMEX-POLYETHYLENE - MYLAR C COMBINATION 

This  combination of ma te r i a l s  from SSS was t e s t e d  a s  T113, T114, and T121 
samples, A l l  samples were above average of those  t e s t e d  t o  200 T-F cyc les .  
T114 and T121 were t h e  i d e n t i c a l  composite but were obtained a t  d i f f e r e n t  
t imes.  This  mater ia l  i s  recommended f o r  cons idera t ion  but w a s  not se lec ted  
f o r  bladders  because i t  i s  more complex than  t h e  Merfab-Mylar composite 
and presented no spec ia l  advantage i n  permeabi l i ty  or f l e x i b i l i t y .  

POLYETHYLENE-MERPAB COMBINATION 
_5_- 

.10 m i l  polyethylene was t e s t e d  as T l O l  samples: Merfab a s  T105 and a 
combination of t h e  two a s  T106. D e s p i t e  30 p lys ,  t hese  samples displayed 

3364 . 
K-2-1 
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excessive permeabi l i ty  a f t e r  Twist-Flex t e s t i n g .  Polyethylene is, the re fo re ,  
not recommended f o r  a bladder mater ia l  by i t s e l f .  A l l  o t h e r  samples i n  which 
polyethylene was used a l s o  included a permeabi l i ty  b a r r i e r  p lys  such a s  Mylar. 
Polyethylene,  i n  th icknesses  g r e a t e r  than  . l o  m i l ,  i s  not f l e x i b l e  enough a t  
cryogenic temperatures t o  be valuable  i n  cons t ruc t ion  of expulsion bladders .  

MYLAR 

S t r a i g h t  Mylar samples i n  .15 and -25  gauges and of 10 and 30 p lys  were 
t e s t e d  as T109, T110, T119, and T120 from SSS. A l l  samples exhib i ted  good 
T-F performance and low permeabili ty excepting T120 which had end s p l i t t i n g  
problems preventing permeabi l i ty  readings.  

.25 m i l  Mylar "C" exhib i ted  t h e  bes t  performance o f  samples composed of 
b a r r i e r  p lys  only ,  Its permeabili ty was good and showed good f l e x  per-  
formance. It i s  probably unsurpassed f o r  ease  of f a b r i c a t i o n  and repeata- 
b i l i t y .  It should be noted t h a t  t h i s  gauge i s  considered t o  be r ep resen ta t ive  
of a l l  gauges below .5 m i l  wi th  b e t t e r  permeabi l i ty  c h a r a c t e r i s t i c s  than 
the  .15 gauge mater ia l .  

Figure 3.40 shows the  comparison of t h e  12 bes t  ma te r i a l s .  S ix  of t h e  12 
ma te r i a l s  a r e  p l a i n  mult iply Mylar, The Schjeldahl  code numbers a r e  
T236, T237. 

A 10-ply bladder of -25  m i l  Mylar was recommended. The mater ia l  w a s  
recommended. The ma te r i a l  was designated BS 15753, Type 5,  from t h e  
Schjeldahl  Co. (Figure 3.42) a 

MYLAR- NOMEX COMB INAT ION 

The 
and 
was 
was 
was 
was 

composite T124 from Sea Space, conta in ing  10 plys of .15 m i l  Mylar 
t h r e e  p lys  of Nomex, showed good f l e x i b i l i t y  and low permeabi l i ty  and 
judged t o  be a candidate  f o r  a bladder.  The composite from Schjeldahl  
T212 and T238, using .25 m i l  Mylar and Nomex. The bladder ma te r i a l  
designated BS 15753, Type 1. See Figure 3.43. This  mater ia l  combination 
obtained from t h e  G .  T. Schjeldahl  Company f o r  reasons of cos t  and 

t h e i r  previous experience with Nomex fab r i ca t ion .  

MYLAR-DACRON COMB INAT ION 

This  mater ia l  from t h e  G. T.  Schjeldahl  Company cons is ted  of 10 plys  of .25 
Mylar and th ree  p lys  of Dacron S a i l c l o t h  assembled a s  shown i n  Figure 3.44. 
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FIGURE 3.41 

BS15108 TYPE 1 BUDDER MATERIAt 

Merfab Ply 10 Places  
(Orthogonal to next  

- - - I -  /- Merfab Plys)  

k Merfab Ply (Ref.) 

Mylar - 

Merf ab 
(Poly) 

S114 Adhesive x 1/2" 
Wide 

Thermal Seam 

f 1 

I 
I 

Seams 
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BS15753 BLADDER MATERIALS 

FIGURE 3.42 

.25 M i l  Mylar "C" 
10 Places  

J 

GT300 tape  and adhesivc /- (.25 m i l  t ape  thicknes: 
x .25 m i l  adhesive 

5 th ickness  x 1/2" Wide: 

My1 ax 
(Seam) 

Minimum Gap 

Type 5 

2 M i l  Nomex, 3 Places  
(Substrate  Ply) 

1 .25 M i l  Mylar 
(Barrier Ply) 

---------- 

Nomex 
(seam) 

/ GTloo Adhesive ( 1  
I m i l  th ickness  x 1/2" 

Wide) 
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BS15753 BLADDER MATERIALS 

FIGURE 3.44 

2.2 02. Dacron S a i l  Cloth, 
3 Places  (Substrate  Ply) 

----_.----- \ .25 M i l  Mylar C, 
10 P laces  (Bar r i e r  Ply)  -- GTlOO Adhesive 

th ickness  x 1/2" 
Wide) 

(1 m 

FIGURE 3.45 

2 M i l  Nomex, 3 Places  / (Substrate  Ply) 

--------- 

.5 M i l  Kapton H, 10 Places  
(Barrier Ply) 

/ GT300 Tape and Adhesive 
Kapton 4 (.5 M i l  Tape Thickness f 

x .5 x .5 m i l  Adhesive (seam) Mini- 
Thickness x 1/2" Wide 

1 I 

Type 7 mum 
gap M W  'Pw) 
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This  ma te r i a l  conf igura t ion  was t e s t e d  i n  t h e  form of such samples a s  T213 
and T239. T213 exhib i ted  t h e  bes t  performance i n  T-F with low pemneabili ty.  
This  i s  t h e  same mater ia l  conf igura t ion  a s  t h e  Mylar-Nomex considered by 
both Sea Space and Schje ldahl .  Bladder mater ia l  was designated BS 15753, 
Type 2 .  

NOMEX/KAFTON 

.5 m i l  Kapton samples of 10 plys ,  with t h e  code number T127 from Sea Space, 
d id  not have a high c y c l e  l i f e  although t h e  permeabili ty w a s  l o w .  This  
mater ia l  r equ i r e s  s u b s t r a t e  p l y s  t o  r e s i s t  t h e  s p l i t t i n g  of t h e  f i lm.  The 
s p l i t t i n g ,  which usua l ly  s t a r t s  a t  t h e  edge of f l a t  samples a s  was shown 
i n  t h e  Twist-Flex tests,  should not be  a problem i n  an ac tua l  bladder .  
Seams a r e  s a t i s f a c t o r y  and do not cause sample f a i l u r e .  

Kapton was t e s t e d  a s  p l a i n  10 ply samples i n  t he  form of T211 and seamed 
a s  T250 and T253 from t h e  Schjeldahl  Company. This  mater ia l  exhib i ted  
very good permeabi l i ty ,  but its f l e x  performance w a s  more subjec t  t o  random 
f a i l u r e s  than  Mylar "C". 
form of m u l t i - p l y  bladders  with Nomex mater ia l  a s  s u b s t r a t e  plys .  The 
bladder mater ia l  is  designated BS 15753, Type 7 ( see  Figure 3.45) .  

It w a s  recommended t h a t  Kapton be t e s t e d  i n  t h e  

RECONINCENDED SEAMING AND FABRICATION PROCESSES 

Lap t y p e  seams sealed approximately 1/2 inch wide a r e  standard on a l l  SSS 
samples and bladders .  These seams a r e  made thermally f o r  polyethylene and 
Merfab elements, but employ Sea Space SllO and S114 adhesives f o r  a l l  o t h e r  
ma te r i a l s .  These seams have proven highly s a t i s f a c t o r y  and a r e  recommended 
f o r  Sea Space bladder f a b r i c a t i o n .  

Seam recommendations f o r  Schjeldahl  ma te r i a l s  a r e  a s  follows: 

.25 Mylar "C" But t  seam using QT 300 x ,25 m i l .  x .25 m i l  
x 1/2" wide sealed f u l l  width 

. 5  Kapton "H" Butt seam using GT 300 x , 5  m i l  x .5,'mil 
x 1/2" wide sea led  f u l l  width 

Subs t r a t e  P lys  Lap seam using GT 100 x 1 m i l  x 1/2" wide 
sea led  f u l l  width 
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BLADDER MATERIAL RECOMMENDATIONS - SUMMARY 

The fi-nal recommendations f o r  bladder  materials der ived from the Task I 
material test  program are summarized as follows: (Figure 3 .46) ,  

G. T. SCHJELDAHL COO MATERIALS (BS15753 Bladders) 

a. Nomex-Mylar Combination 

BS15753 Type 1 
T-F t e s t e d  at T212 

b. Dacron Fabric-Mylar Combination 

BS15753 Type 2 
T-F t e s t e d  as T213 

c. Mylar without substrates. 

BS15753 Type 5 
T-F t e s t e d  as T237 

d. Nomex-Kapton Combination 

BS15753 Type 7 
Kapton p l y s  t e s t e d  as T250 and T253 
Nomex p l y s  t e s t e d  i n  (a) above 

SEA-SPACE SYSTEMS MATERIALS (BS 15 108 B1 adder s )  

Merf ab-Mylar Combinat i o n  

T-F t e s t e d  as T122 
, BS15108 Type 1 
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FIGUFLE 3.46 

BLADDER MATERIALS SELECTED FOR TASK I1 

B l O l  
B102 

Bs 15108 
Type 1 

Bs 15753 t Type 1 

Type 2 
rl 

Q, 
‘r, y - r  4 
m 

BS 15753 E” . Type 5 
W 

B207 1 B208 

- - - - 

- *Merfab 10 Plys  

--.c-2____________ .15 M i l  Mylar 12 P lys  

-2 m i l  Nomex, 3 p lys  

-/--- .25 M i l  Mylar, 10 P lys  

2.202 Dacron S a i l c l o t h  
3 Plys  

--..---.25 M i l  Mylar, 10 P lys  

- / . 2 5  M i l  Mylar, 10 Plys  

-rc------ 2 M i l  Nomex 

.5 M i l  Kapton, 10 Plys  
/------ 

Seams (Schj e l d a h l )  (Sea-Space) 
0 0 0 0 0 0  0 0 0 I *Merf ab  

- Nomex (GTlOO) 2 Plys  Of .10 M i l  Poly 
Dacron 40 Denier HT (Nylon) F ibe r s  

(GT300) Mylar/Poly (s110) 
v - Mylar/Mylar (Sl14) 

T.: poly/Poly (Therm.) 
Kapton 
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4 .0  EXPULSION TEST PROGRAM (TASK XI) 

This  t a s k  w a s  t h e  second pha.se of t h e  program and provided f o r  t h e  f a b r i c a t i o n  
of polymeric expuls ion bladders  and the  expulsion t e s t i n g  of t h e  bladders  with 
l i q u i d  hydrogen. The bladders  u t i l i z e d  those  mater ia l  composites and fabr ica-  
t i o n  processes ind ica ted  by Task I t e s t i n g  t o  be t h e  most promising f o r  l i q u i d  
hydrogen serv ice .  The r e s u l t s  of t h e  expulsion t e s t i n g  were analyzed using a11 
appl icable  parameters, The recommendations r e s u l t i n g  from t h i s  t e s t i n g  and 
ana lys i s  a r e  presented i n  Sec t ion  5.0. 

4 . 1  Bladder Design 

Se lec t ion  of t h e  proper bladder mater ia l  i s  t h e  paramount t a s k  i n  t h e  o v e r a l l  
design of an expulsion bladder.  Almost all of the  elements of bladder design 
must be f u l f i l l e d  by t h e  mater ia l  comprising t h e  bladder .  The i n i t i a l  s e l ec t ion  
of ma te r i a l s  f o r  Task 1 evalua t ion  was guided by c e r t a i n  bas i c  requirements, 
which were followed throughout t h e  development and q u a l i f i c a t i o n  t e s t i n g  of 
Task I .  This  insured t h a t  t h e  ma te r i a l s  f i n a l l y  se l ec t ed  would exh ib i t  t he  
necessary c h a r a c t e r i s t i c s  t o  t h e  g r e a t e s t  degree possible .  The r e q u i s i t e s  f o r  
bladder ma te r i a l s  a r e  discussed i n  the  following paragraphs. 

4 - 1 . 1  C r i t e r i a  f o r  Bladder Mater ia ls  

The Charac t e r i s t i c s  which were considered t o  be most importa.nt i n  s e l e c t i n g  
ma te r i a l s  f o r  use i n  these  expulsion bladders  a r e  as follows: 

0 Flex performance a t  -423 F 
Permeabili ty 
Fabr ica t ion  c h a r a c t e r i s t i c s  

These c r i t e r i a  a r e  i n i t i a l l y  discussed a s  they apply t o  s i n g l e  th ickness  
bladders .  U t i l i z a t i o n  of t hese  c h a r a c t e r i s t i c s  i n  mul t ip le  p l y  and i n  
composite ma te r i a l s  i s  discussed i n  Paragraph 4 . 1 , 2 .  

4 . 1 . 1 . 1  Flex Requirements - 
The primary requirexent  of a mater ia l  f o r  l i q u i d  hydrogen expulsion bladders  
is  t h e  a b i l i t y  t o  withstand repeated f lex ing ,  fo ld ing  and wrinkling while 
subjected t o  temperatures a s  low a s  -423°F. A l l  o t h e r  c r i t e r i a  a r e  secondary 
t o  t h i s  requirement: i f  a mater ia l  w i l l  f a i l  under f l e x u r e  a t  t h e  opera t ing  
temperature of t he  system? any o the r  good c h a r a c t e r i s t i c s  of t h e  mater ia l  a r e  
of no bene f i t .  (Ref 8) 
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The f l ex ing  of t h e  bladder during a t y p i c a l  expulsion cyc le  occurs  a t  
random and i n  a v a r i e t y  of forms, The forms of f l ex ing  vary from t h e  
simple "oil-canning" of a segment of a sphe r i ca l  sur face  and common 
fo ld ing  and creas ing  t o  a more severe three-corner fo ld .  Three-corner 
fo ld ing  can be descr ibed a s  a f o l d  upon a f o l d  and is  i l l u s t r a t e d  i n  
Figure 4 .1 .  Any one segment of t h e  bladder may be subjected a t  one time 
t o  an i n f i n i t e  number and va r i e ty  of fo lds ,  wrinkles  and creases ,  most 
of them being dynamic. The s e v e r i t y  of t h e  fo ld ing  and wrinkling i s  
f u r t h e r  magnified by t h e  increased r i g i d i t y  of t h e  polymeric mater ia l  
a t  cryogenic temperature.  S imi la r  forms of f l ex ing  may a l s o  occur a t  
ambient temperature during handling o f  t h e  bladder.  

Considerable experience with cryogenic expulsion bladders  i n  previous 
programs has demonstrated t h a t  only t h e  very t h i n  (1/2 m i l  or l e s s )  
ma te r i a l s  show any promise i n  polymeric f i lms  s u i t a b l e  f o r  cryogenic 
bladders .  I t  i s  considered t h a t  highly reduced bending s t r e s s e s  
r e s u l t  from t h e  fo ld ing  of t h e  very t h i n  f i lms ,  However, u l t r a - t h i n  
f i l m  i s  not a so lu t ion  wi th in  i t s e l f .  The t h i n  f i l m  must have " in tegr i ty" :  
i t  must possess adequate s t r e n g t h  and t e a r  r e s i s t ance ,  and must have low 
permeabi l i ty .  I t  is  extremely d i f f i c u l t  t o  e s t a b l i s h  t h e  p rec i se  require-  
ments f o r  each of t h e  var ious mechanical p rope r t i e s  of a f i lm.  A r a t i o n a l i -  
za t ion  of design f a c t o r s  shows t h a t  t h e  i d e a l  f i l m  can not be so l e ly  
determined from mechanical p rope r t i e s .  

A s  previously s t a t e d ,  t h e  a b i l i t y  t o  survive repeated f l ex ing  a t  cryogenic 
temperatures has been e s t ab l i shed  a s  t h e  primary r e q u i s i t e  f o r  t h e  bladder 
mater ia l .  The f l ex ing  and fo ld ing  ac t ion  upon the  bladder arises not only 
during f i l l i n g  and expel l ing ,  but a l s o  during handling and f l i g h t  condi t ions.  
Analysis i n d i c a t e s  t h a t  t h e  s loshing of propel lan ts  due t o  v ib ra t ion  and 
i n e r t i a l  loads i s  t ransmi t ted  to t h e  bladder i n  t h e  manner of add i t iona l  
def lect , ion.  Even i f  t h e  bladder i s  i n  a s t a t e  of p a r t i a l  expulsion, t h e  
s t r e s s e s  produced upon t h e  bladder by movement of t h e  propel lan t  mass is 
one of f l ex ing  a s  t h e  bladder d e f l e c t s  and p e r m i t s  t h e  propel lan t  t o  seek 
a new a t t i t u d e  wi th in  t h e  tank. (Ref 14)  

Extensive expulsion bladder t e s t i n g  has shown t h a t  severe fo ld ing  and 
crushing i s  imposed upon t h e  bladder a s  it co l l apses  about t h e  mount- 
f i t t i n g  and t h e  ( l i q u i d )  withdrawal tube upon completion of expulsion, 
The pressurant  fo rces  t h e  bladder t o  drape t i g h t l y  about t hese  sur faces  
and opposing sec t ions  of t h e  bladder a r e  pressed t i g h t l y  toge ther .  This  
r e s u l t s  i n  very t i g h t  f o l d s  of a random nature ,  many of which a r e  t h e  
three-corner f o l d  va r i e ty .  Careful designing of t h e  bladder mount and 
t h e  withdrawal tube i s  e s s e n t i a l ,  but t h e  f o l d s  cannot be e n t i r e l y  e l i m i -  
nated,  
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FIGURF: 4.1 
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Expulsion e f f i c i ency  ( t h e  percentage of t h e  s tored  propel lan t  expel led)  
i s  determined by t h e  f l e x i b i l i t y  of a mater ia l  and its a b i l i t y  t o  
co l l apse  t i g h t l y  about t h e  withdrawal tube and i t s e l f .  F l e x i b i l i t y  i s  
e s s e n t i a l l y  a func t ion  of mater ia l  th icknesses  and s t i f f n e s s  and i s  
influenced g r e a t l y  by temperature.  

4 .1 .1 .2  S t rength  Requirements 

High expulsion system opera t ing  pressures  by themselves do not necessar i ly  
impose high t e n s i l e  s t r eng th  requirements on bladder ma te r i a l s ,  Analysis 
shows t h a t  a d i f f e r e n t i a l  p ressure  CAP) across  t h e  bladder does not occur 
under i d e a l  condi t ions  of propel lant  expuls ion (and s torage) .  The bladder 
merely provides a f l e x i b l e  i n t e r f a c e  between t h e  propel lant  and t h e  pressurant  
gas.  The bladder a d j u s t s  i t s  pos i t i on  a s  necessary t o  preclude a n y b P  which 
may be i n i t i a t e d  by an increase  i n  pressure  on one s i d e  of t h e  bladder .  Such 
f a c t o r s  a s  t e n s i l e  and t e a r  s t rength ,  however, cannot be disregarded because 
of wrinkling during expulsion and indeterminate stresses t h a t  may be t r ans -  
mit ted t o  t h e  bladder due t o  v i b r a t i o n  and s losh .  The mater ia l  must a l s o  
have s u f f i c i e n t  s t r eng th  t o  "span" any small gaps (such a s  the  vent o r i f i c e )  
when f u l l y  expanded or col lapsed under pressure.  Adequate t e n s i l e  s t r eng th  
i s  necessary t o  permit opera t ing  test pressures  and provide increased 
r e s i s t a n c e  t o  damage due t o  handling. 

4 . 1 . 1  3 Permeabili ty 

The permeation c h a r a c t e r i s t i c s  of a mater ia l  present  a major i tem f o r  
considerat ion.  Helium i s  t h e  only pressurant  being considered f o r  t h e  
expulsion of l i q u i d  hydrogen ( a l l  o t h e r  gases would l iquefy  upon contac t  
with a bladder a t  -423'F). Unfortunately,  helium permeates r ead i ly  through 
polymeric mater ia l s ,  even when a dr iv ing  fo rce  i s  absent .  The helium, 
being i n e r t ,  could se r ious ly  contaminate t h e  propel lan t  i f  t h e r e  were any 
s i g n i f i c a n t  permeation through t h e  bladder .  An opera t iona l  mission p r o f i l e  
would be necessary t o  determine t h e  permissible  helium permeation r a t e .  
It i s  an t i c ipa t ed  t h a t  such a r a t e  would be very low, but  wi th in  t h e  
permeabi l i ty  range of such ma te r i a l s r a s  Mylar and Kapton, The goal of 
t h i s  program was t o  a t t a i n  t h e  lowest poss ib le  permeation f o r  a l l  b ladders .  
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4 .1 .1 .4  Fabr ica t ion  Charac t e r i s t i c s  

Fabr ica t ion  c h a r a c t e r i s t i c s  warrant s u b s t a n t i a l  cons idera t ion  i n  t h e  s e l e c t i o n  
of bladder mater ia l .  The mater ia l  ( a n d  e spec ia l ly ,  t h e  composite ma te r i a l )  
must be e n t i r e l y  adaptable t o  t h e  bladder conf igura t ion  with no l o s s  of 
c h a r a c t e r i s t i c s  o r  performance. Adhesives o r  o the r  seaming techniques must be 
ava i l ab le  which w i l l  permit f a b r i c a t i o n  of a bladder with a l l  of t h e  cryogenic 
p o t e n t i a l  of t h e  se l ec t ed  ma te r i a l .  

4 ,1 .2  Composite Mater ia ls  and Mult iple  Plys  

Problems i n  f ind ing  s u i t a b l e  ma te r i a l s  f o r  cryogenic bladders  l ed  t o  extensive 
inves t iga t ion  of composite ma te r i a l s  i n  e a r l i e r  expulsion bladder programs. 
These e a r l i e r  e f f o r t s  included such measures a s  adding var ious f a b r i c s  (with 
a high t e n s i l e  s t rength]  t o  l o w  s t r eng th  f i lms  t o  r e l i e v e  t h e  f i l m  of any 
t e n s i l e  s t r eng th  loading.  A l s o ,  comparatively t h i c k  and bulky f ib rous  
ma te r i a l s  were employed t o  impart a more l i b e r a l  bend rad ius  t o  t h e  p l a s t i c  
f i lm .  
t i g h t l y  bonded mater ia l .  Such laminates,  however, proved unsa t i s f ac to ry  i n  
cryogenic t e s t i n g  due t o  excessive hardness of t h e  laminating adhesive a t  
cryogenic temperatures and due t o  severe bending s t r e s s e s  a r i s i n g  from t h e  
t h i c k  ma te r i a l .  

These e a r l i e r  composite ma te r i a l s  were usua l ly  laminated i n t o  a s i n g l e  
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II 

The advantages of a laminated composite mater ia l  can o f t e n  be gained by 
u t i l i z i n g  t h e  same mater ia l  arrangement i n  t h e  form of mul t ip le ,  unbonded, 
individual-act ing p lys ,  The high s t r eng th  f a b r i c  ma te r i a l s  and ma te r i a l s  
supporting t h e  bend c a p a b i l i t y  need not be laminated t o  t h e  p l a s t i c  f i lms  
t o  work e f f e c t i v e l y .  This  has l ed  t o  t h e  b a r r i e r  ply - s u b s t r a t e  ply 
arrangements used ex tens ive ly  i n  t h i s  program, The b a r r i e r  p l y s  a r e  of a 
f i l m  such a s  Mylar and Kapton; t h e i r  bas i c  func t ion  i s  t o  reduce t h e  
permeabi l i ty  of t h e  composite mater ia l  t o  acceptable  l e v e l s .  The b a r r i e r  
p lys  must have exce l len t  f l e x  c h a r a c t e r i s t i c s  t o  maintain t h e  acceptable  
l e v e l s  of permeabi l i ty  throughout t h e  cyc le  l i f e  of t h e  bladder .  The 
s u b s t r a t e  p lys  may be one of a v a r i e t y  of woven or  f ib rous  ma te r i a l s  
loca ted  ou t s ide  or  in s ide  of t h e  bladder composite, o r  a t  intermediate  
po in t s  between the  b a r r i e r  plys .  The purpose of t h e  s u b s t r a t e  p lys  i s  t o  
enhance t h e  performance of t h e  b a r r i e r  ply.  The s u b s t r a t e  p lys  provide 
one or  more of t h e  following: 

Tens i l e  and t e a r  s t r eng th  
Abrasion sh ie ld ing  
Radius-producing and cushioning e f f e c t  
S l ip-ac t ion  between b a r r i e r  p lys  

The s u b s t r a t e  p lys  must a l s o  have good f l e x  c h a r a c t e r i s t i c s .  They may be 
q u i t e  porous and pervious t o  gases ,  without adversely a f f e c t i n g  t h e  composites'  
q u a l i t i e s .  

The use of mul t ip le  numbers of individual-act ing b a r r i e r  p lys  without sub- 
s t r a t e  p lys  a l s o  o f f e r s  a means t o  improve the  t o t a l  permeabi l i ty  and 
t e n s i l e  s t r eng th  with no s i g n i f i c a n t  l o s s  of f l e x  performance. The necessary 
cryogenic f l e x  c h a r a c t e r i s t i c s  have been found only i n  f i lms  1/2 m i l  t h i c k  
o r  less. S ingle  ply bladders  lack s u f f i c i e n t  permeabi l i ty  and t e n s i l e  
s t r eng th  requirements so t h a t  addi t iona l  p l y s  of t h e  mater ia l  may be added 
a s  necessary t o  ob ta in  the  required permeabi l i ty  and t e n s i l e  s t r eng th  
performance, The mul t i layer  conf igura t ion  presents  problems i n  ca l cu la t ing  
t h e  exact permeation r a t e  and t h i s  value is  most r ead i ly  determined by 
t e s t i n g  mater ia l  samples. Also, t h e  e f f ec t iveness  of t h e  p lys  (due t o  
dimensional to le rance)  when under i n t e r n a l  pressure  may have a s l i g h t  e f f e c t  
upon pressure ca l cu la t ions .  

4 . 2  Detai led Design 

Following t h e  s e l e c t i o n  of mater ia l  composites f o r  Task I1 bladders ,  t he  
var ious t e n t a t i v e  design d e t a i l s  of t h e  bladder were completed. 
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4 . 2 . 0 . 1  Mounting and Seal ing 

Bladder mounting and sea l ing  is  considered t o  be a c r i t i c a l  design a rea .  
A s t e m  assembly had been previously developed which performed both 
mounting and sea l ing  func t ions  i n  a s a t i s f a c t o r y  manner. This  s t e m  i s  of 
a conf igura t ion  s imi l a r  t o  t h e  stem used i n  t h e  inner  tube of an automobile 
t i re .  A s  shown i n  Figure 4.2,  t h e  stem assembly c o n s i s t s  of a f langed 
stem, a matching washer, and a round nut .  The 2 3/8-inch diameter s t e m  
f lange  can be passed through a 1 3/4-inch diameter ho le  i n  t h e  bladder ,  
providing ample bladder t o  f l ange  contact  a rea .  The bore through t h e  
stem accommodates t h e  withdrawal tube when t h e  bladder i s  i n s t a l l e d  i n  
t h e  expuls ion apparatus.  The s t e m  assemblies used on t h i s  cont rac t  a r e  
i d e n t i c a l  t o  t h e  p ic tured  s t e m  assembly, except t h a t  t h e  upper end 
terminates  i n  a f l a r e - f i t t i n g  end f o r  easy and t rouble- f ree  mounting. 

4.2 ~ 0 . 2  'Typical. Ply Design 

The mater ia l  composites and appropr ia te  f a b r i c a t i o n  processes se l ec t ed  
f o r  t hese  bladders  r e su l t ed  i n  a l l  p l y s  of a l l  bladders  being comprised 
of 12 equal gores  (orange-peel segments) running from a lower polar  cap 
t o  t h e  hole (for t h e  stem assembly) a t  t h e  top  of t h e  bladder .  A l l  
mater ia l  was cu t  from f l a t  shee t .  Extra  cons idera t ions  per ta in ing  t o  
the  number of gores a r e  discussed i n  t h e  following paragraphs. The types 
of seams u t i l i z e d  i n  the  bladders  a r e  descr ibed i n  Paragraph 4.2.1.  
Reinforcement of t h e  polar  caps w a s  not done t o  avoid a ma te r i a l  buildup 
and c i rcumferent ia l  seam i n  t h e  a rea  adjacent t o  t h e  stem. 

4 2 1 Bladder Spec i f i ca t ions  

The bladders  produced and t e s t e d  i n  t h i s  program were f u l l y  defined by 
formal s p e c i f i c a t i o n s .  Because some sole-source ma te r i a l s  were involved, 
separa te  spec i f i ca t ions  were prepared f o r  each of t h e  bladder subcon- 
t r a c t o r s .  The subcontractors  and t h e  r e spec t ive  s p e c i f i c a t i o n s  a r e  as 
follows: 

Sea-Space Systems, Inc.  Beech Spec i f i ca t ion  BS 15108 
G. T. Schjeldahl  Company Beech Spec i f i ca t ion  BS 15753 

The bladders  under t h i s  cont rac t  were s i zed  t o  f i t  a 1 2 - l i t e r  sphe r i ca l  
g l a s s  dewar with an I D  varying from 11.30 inches t o  11.36 inches.  Con- 
s u l t a t i o n  wi th  t h e  bladder f a b r i c a t o r s  s e l ec t ed  i n  Task I ind ica ted  t h a t  
a diametr ic  t o l e rance  of -I- 0.13 inch could be held on a sphe r i ca l  bladder  

I 
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of t h i s  s i z e .  The diameter of t h e  bladders ,  t he re fo re ,  was dimensioned a t  
11.50 +. 0.13 inches a t  12 inches of H20  gauge pressure t o  insure t h a t  t h e  
expand<d bladder would be supported by t h e  dewar., even i f  a l l  t o l e rances  
were adverse.  

The elongat ion of t h e  mater ia l  r e s u l t i n g  from bladder expansion (under 
high i n t e r n a l  pressure)  from a s e r i e s  of chords t o  a circumference equal 
t o  t h e  I D  of t h e  dewar i s  a cons idera t ion  i n  determining t h e  number of 
gores  f o r  t h e  bladders .  Such elongat ion i s  very minimal f o r  a 12-gore 
bladder .  

The s p e c i f i c a t i o n s  f u l l y  defined t h e  bas i c  conf igura t ion  of t h e  bladder ,  
complete with dimensions, a s  shown i n  Figure 4.3. The stem assembly was 
furnished by Beech f o r  i n s t a l l a t i o n  and sea l ing  i n t o  t h e  bladder by t h e  
subcontractor .  A s  previously s t a t e d ,  a l l  b ladders  were comprised of 
mul t ip le ,  ind iv idua l  p l y s ,  a l l  f r e e  t o  a c t  independently of each o the r  
(except f o r  t h e  a rea  clamped i n  t h e  s t e m  assembly). A l l  p lys  were nested 
so a s  t o  produce one multiwalled bladder .  A l l  p lys  were numbered f o r  
i d e n t i f i c a t i o n ,  beginning with one f o r  t h e  ou te r  p l y  and progressing 
consecut ively t o  t h e  innermost p ly .  A p ly  cons is ted  of a s i n g l e  l a y e r  
of mater ia l  or it w a s  composed of s eve ra l  l aye r s  of mater ia l  t i g h t l y  
bonded toge ther  t o  produce a s i n g l e  th ickness  a s  i n  t h e  case of t h e  
merfab p lys .  The types of p lys  were defined a s  follows: 

B a r r i e r  Ply 

Subs t r a t e  Ply 

A ply cons i s t ing  of a low permeabi l i ty  
f i l m  such a s  Mylar or Kapton 

A ply such a s  a polyethylene composite, 
Nomex or Dacron f a b r i c  which enhances t h e  
f l e x  l i f e  of b a r r i e r  p lys  

Each p l y  cons is ted  of 12 equal gores  and a 4-inch diameter cap centered 
upon the  lower pole .  The subcontractor  w a s  required t o  leak  check each 
ply immediately p r i o r  t o  assembly i n t o  t h e  bladder.  This  l eak  check was 
performed i n  a spec ia l  t e s t  f i x t u r e ,  and the  test  apparatus and i t s  
opera t ion  w i l l  be descr ibed i n  subsequent paragraphs. The t e s t  p ressures  
and maximum allowable ind iv idua l  p l y  l eak  r a t e s  f o r  t h e  var ious ma te r i a l s  
and th ickness  a r e  a s  follows: 
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FIGURE 4.3 

BLADDER ASSEMBLY DRAWING 

14440-0202-1 
Stem Assembly 

NOTES: 

A 
A 
A 

When bladder pressurised to 12" HzO. 

Final Torque to be determined and applied by vendor. 

Multiple plys, gores, polar cap8, etc. not shown. 
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0.15 m i l  Mylar "C" 
0 .25 m i l  Mylar "C" 

ER 15091 

HELIUM PRESSURE MAXIMUM LEAK RATE 
INCHES OF WATER cc/min. 

10 
16 

32 
18 

0 . 5  m i l  Kapton "H" 16  10 

The above t e s t  p ressures  were se l ec t ed  t o  produce a stress on t h e  ply equal 
t o  50 p e r  cent  of t h e  m a t e r i a l ' s  al lowable t e n s i l e  y i e l d  s t r eng th  a t  ambient 
temperature.  The permissible  leak  r a t e s  were derived from permeabi l i ty  tests 
upon samples of t h e  ma te r i a l s .  

During assembly, t h e  p l y s  of t h e  bladder were o r i en ted  so a s  to  provide maximum 
seam c learance  from seams i n  t h e  adjacent  p lys  and t o  avoid any bunching of 
seams. A helium purge was employed t o  remove t h e  a i r  from a l l  spaces between 
p lys .  It was spec i f i ed  t h a t  t h e  bladders  be f r e e  of any fo re ign  p a r t i c l e s ,  
f i b e r s  and hydrocarbons e 

4.2.2 Bladder Procurement, Fabricat ion,  and Inspect ion 

Purchase o rde r s  were placed f o r  bladders  a s  follows: 
Sea-Space Systems, Inc. 

2 each BS15108 Type 1 

G. T .  Schjeldahl  Company 

2 each 
2 each 
2 each 
2 each 

BS15753 
BS 1575 3 
BS15753 
BS15753 

These bladder types a r e  i l l u s t r a t e d  i n  f i g u r e s  i n  Sec t ion  3.10.7.  

Considerable prepara t ion  was necessary f o r  each bladder subcontractor  p r i o r  
t o  f ab r i ca t ion .  Some of t h i s  p r i o r  e f f o r t  was necessary t o  m e e t  t h e  
requirements of NASA Qual i ty  Document NPC 200-3. Other requirements r e su l t ed  
from t h e  Beech spec i f i ca t ion ,  which r e f l e c t e d  a l e v e l  of q u a l i t y  assurance 
cons i s t en t  with NPC 200-3. Each subcontractor  was required t o  submit an, 
inspec t ion  plan conforming t o  t h e  requirements of NPC 200-3. The subcontractor  
was a l s o  required t o  submit, f o r  approval,  plans f o r  such i t e m s  a s  c l ean l ines s ,  
s a f e  handling and packing, and procedures f o r  ind iv idua l  ply and bladder l eak  
checks. 
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The l e a k  check of t h e  ind iv idua l  b a r r i e r  p lys  and t h e  acceptance l eak  test  
of t h e  bladder required a permeabili ty test f i x t u r e  a t  each of t h e  subcon- 
t r a c t o r s .  One was provided t o  each subcontractor ,  who made t h e  se tup  of 
t h e  test  apparatus .  A s imi l a r  f i x t u r e  w a s  r e t a ined  a t  Beech f o r  use i n  
rece iv ing  inspec t ion  and throughout the expulsion t e s t i n g .  

In  order  t o  cons t ruc t  the  bladder and l eak  test  each ply as f a b r i c a t i o n  was 
under way, t h e  following procedure was used: 

a .  Make the f i n a l  c los ing  seam of each ply (except t h e  innermost) 
with t h e  p a r t i a l  bladder assembly (cons is t ing  of t he  preceding 
p lys  i n  place on t h e  stem assembly) contained in s ide  the  p ly .  

b.  Use e x t r a  s t e m  assembly with rubber gasket t o  perform b a r r i e r  
p ly  l eak  check w i t h  p a r t i a l  bladder assembly i n s i d e  ply being 
checked. 

C.  Removed test  stem, pos i t i on  ply on s t e m  f lange  and s e a l  i n  
p lace  w i t h  adhesive. 

Appearing e a r l y  i n  t h e  f a b r i c a t i o n  of t he  first bladder was t h e  problem of 
excessive gas  t ransmission through the  b a r r i e r  p l y s .  I nves t iga t ion  revealed 
t h i s  excessive l eak  r a t e  t o  be due t o  pinholes  i n  t h e  0 .25 m i l  Mylar 
The p o s s i b i l i t y  of ob ta in ing  pinhole-free mater ia l  appeared very remote and 
exceedingly expensive, t he re fo re ,  i t  w a s  decided to  r e p a i r  each pinhole w i t h  
a small (approximately 3/8-inch diameter) patch of t h e  same adhesive-coated 
tape  used i n  making t h e  seams. 

"6". 

No more than  f i v e  patches were allowed on any one p l y .  T h i s  procedure r e s u l t e d  
i n  b a r r i e r  p lys  with p r a c t i c a l l y  zero leak,  a l l  wi thout  any i d e n t i f i a b l e  loss  
of f l e x  performance. 

The gores  were cu t  by means of p rec i s ion  templates .  Seaming was accomplished 
with t h e  use of seaming machines which feed and s e a l  t he  appropriate  s ea l ing  
tape.  Sea l ing  temperatures and pressures  used were those normally used a t  
Schjeldahl  f o r  the  p a r t i c u l a r  tape  spec i f ied .  The r a t h e r  r i g i d  dimensional 
cont ro l  of t h e  sphe r i ca l  bladder was obtained by p rec i s ion  manual alignment 
of t h e  adjacent gores .  
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The bladders  from Schjeldahl  exhib i ted  very f i n e  workmanship, and showed 
g rea t  p rec i s ion  i n  seams and a l l  o t h e r  f ea tu res .  More than  90 per  cent  
of t h e  b a r r i e r  p lys  exhib i ted  zero l eak  ( f o r  5 minutes) during the b a r r i e r  
ply l eak  check. None of t h e  completed bladders  showed any leakage de tec t -  
able by the  b u r e t t e  method over a per iod of 10 minutes, except for B202, 
which was returned t o  Schjeldahl  for  rework. A l l  of the bladders  w e r e  
wi th in  the + 0.13-inch to l e rance  on t h e  sphe r i ca l  diameter.  - 
Following acceptance of bladder B201 (BS15753, Type l ) ,  add i t iona l  
permeabi l i ty  t e s t i n g  was performed f o r  longer  per iods of t i m e  t o  
determine t h e  exact in f luence  of sys t em back pressure on the  b u r e t t e  
readings.  T h i s  t e s t i n g  v e r i f i e d  t h a t  back pressure  was such t h a t  
bubbles flowed i n t o  the b u r e t t e  only a f t e r  a period of pressure build-up, 
which may exceed 10 minutes i n  t h e  case  of very low heat  r a t e s .  It  w a s  t hus  
e s t ab l i shed  t h a t  t h e  l eak  i n  B201 w a s  less than  1 cc/minute. Though t h i s  
leak  r a t e  was not considered t o  be p roh ib i t i ve  f o r  expulsion t e s t  purposes, 
a f a i l u r e  ana lys i s  was i n i t i a t e d .  
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Leak de tec t ion  and consu l t a t ion  with Schjeldahl  suggested t h a t  t h e  leak  
was a resul t  of gas leak ing  through or under t h e  innermost s u b s t r a t e  p l y  
i n  t h e  a rea  where i t  is  sea led  t o  the  f lange  of t h e  s t e m .  The adhesive 
being used t o  s e a l  t h e  p lys  t o  t h e  f lange  of t h e  s t e m  was t h e  same polyes te r  
adhesive (Schjeldahl GT200) which had been used very successfu l ly  on cryogenic 
bladders  throughout two previous programs, however, t h e  Nomex of Ply 13 had 
presented some problems i n  secur ing  a good s e a l  t o  t h e  s t e m  f l ange  and d id  
provide a porous channel f o r  poss ib le  leakage. The i n i t i a l  stem s e a l  con- 
f i g u r a t i o n  i s  shown i n  Figure 4 .4 ,  with arrows showing t h e  suspected leak  
pa ths  

Though t h e  leakage of B201 was of t o l e r a b l e  l e v e l s ,  i t  was decided t o  
attempt t o  reduce t o  t h e  leakage a t  Beech. The nut and washer were removed 
from t h e  stem and a build-up of Schjeldahl  GT200 polyester  adhesive was 
a,pplied t o  t h e  stem s e a l  a rea .  Af te r  considerable  experimenting, it was 
learned t h a t  bes t  r e s u l t s  were obtained when l i g h t  app l i ca t ions  of GT200 
were "ironed" down with a hot s ea l ing  i ron .  The leak  r a t e  was thus  reduced 
t o  0 . 2  cc per  minute. 

B201 showed an excessive l eak  r a t e  of approximately 500 cc per  minute a f t e r  
f i v e  cyc les  of l i q u i d  hydrogen expulsion. Examination showed f i v e  major 
cracks (bas i ca l ly  r a d i a l )  completely through t h e  adhesive th ickness  and t h e  
bladder was loose  on t h e  stem f lange  i n  two p laces ,  This  damage was judged 
t o  be d e f i n i t e l y ' d u e  to cold shock from being cycled t o  l i q u i d  hydrogen 
temper a t  u r e ,  

Bladder B202 (BS15753, Type 1) showed no de tec t ab le  l eak  during acceptance 
t e s t i n g  by Schjeldahl  but had a leak  rate of 2 .6  cc  per  minute a t  t he  
acceptance t e s t  a t  Beech. I t  was concluded t h a t  t h e  polyes te r  adhesive 
being appl ied in s ide  t h e  hole  diameter was not s ea l ing  e f f e c t i v e l y .  Because 
of t h e  r e l i e f  i n  t h e  washer ( see  Figure 4.4)  a mechanical back up was not 
'IJrovided f o r  t h e  adhesive in s ide  t h e  hole  diameter,  The washer design was 
s a t i s f a c t o r y  except i n  cases  where t h e  innermost ply was a pervious ma te r i a l  
such as Nomex or Dacron. The gas  leaked through t h e  f ib rous  s u b s t r a t e  p l y  
and then  out  through t h e  nut ,  un le s s  t he  adhesive bu i ld  up was pushed down 
and held down by a mechanical backup. 

Bladder B203 (BS15753, Type 2) was accepted with no de tec t ab le  leak.  One 
l i q u i d  hydrogen expuls ion c y c l e  r e su l t ed  i n  t h r e e  major c racks  through t h e  
adhesive i n  t h e  stem s e a l  a rea ,  ver i fy ing  t h a t  excessive th icknesses  of t h e  
adhesive would crack upon cold shock. 
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FIGURE 4 . 4  

SCHEMATIC OF STEM SEAL LEAKAGE 
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The answer t o  t h e  preceding problems was to  rework t h e  stem s e a l s  of 
bladders  B202, B203, and B204 a s  shown i n  Figure 4.5.  The d i s c s  over- 
lapping t h e  hole  i n  t h e  bladder sc reen  o f f  any passages a t  t h e  edge of 
t h e  hole .  The smaller  d i s c s  a l t e r n a t e d  with t h e  l a r g e r  d i s c s  provide 
for a uniform th ickness  of t h e  t o t a l  buildup, which was from 25 t o  50 
m i l s  t h i c k .  The d i s c s  were cut  from Schjeldahl  GT300 tape .  Light 
app l i ca t ions  of GT200 l i q u i d  adhesive were a l s o  used. The purpose of 
t h e  Mylar i n  t h e  d i s c s  was to  provide reinforcement t o  avoid cracking 
of t h e  buildup a t  cryogenic temperatures.  The buildup was of s u f f i c i e n t  
thickness  t h a t  some compression of t he  s e a l  could be a t t a ined .  The 
packing i n  t h e  r e l i e f  of t h e  washer was a l s o  composed of adhesive with 
Mylar reinforcement.  I ts  purpose was t o  bear on t h e  buildup on t h e  stem 
f lange  

A change order  t o  BS15753 w a s  i ssued t o  incorporate  t h i s  change on 
bladders  B202, B203, and 8204 ( t h e  l a t t e r  being Type 2 ) .  The rework was 
performed by Schjeldahl  and bladders  B202 and B203 were returned t o  them 
f o r  t h a t  purpose. Provis ions were a l s o  made f o r  incorporat ion of t hese  
improved f e a t u r e s  i n t o  bladders  B207 and B208 (BS15753, Type 7 ) ,  which a l s o  
had a Nomex inner  ply.  The reworked s t e m  s e a l s  presented a very s a t i s -  
f ac to ry  so lu t ion  t o  t h e  problem. There was no subsequent leakage t h a t  
could be a t t r i b u t e d  t o  t h e  s t e m  s e a l ,  and even prolonged l i q u i d  hydrogen 
cycl ing d id  not r e s u l t  i n  any cracks i n  t h e  buildup, The o r i g i n a l  stem 
s e a l  conf igura t ion  performed very s a t i s f a c t o r i l y  on the  BS15753, Type 5 
bladders  (B205 and B2063, which presented a Mylar inner  ply.  

Fabr ica t ion  by Sea-Space Systems, Inc.  

Sea-Space Systems (SSS) had developed a good c a p a b i l i t y  i n  r e l a t e d  a reas  
of f a b r i c a t i o n ,  but had never f a b r i c a t e d  expulsion bladders .  The bladders  
t o  be f ab r i ca t ed  by SSS were t h e  most complex bladders  of t h i s  program, 
being comprised of 22 ind iv idua l  plys ,  10 of which were each a laminate 
of t h r e e  separa te  ma te r i a l s .  Other problems included producing, t e s t i n g ,  
and handling u l t r a t h i n  0.10 m i l  f i lm.  

Considerable e f f o r t  was required f o r  prepara t ion  of t h e  var ious plans 
and procedures required by t h e  Beech spec i f i ca t ion ,  which r e f l e c t e d  
the  minimum requirements cons i s t en t  with NASA Qual i ty  Document NPC 200-3. 
Meanwhile, SSS produced t h e  Merfab laminate and developed t h e i r  t oo l ing  
and j i g s  f o r  bladder f ab r i ca t ion .  SSS was confident  t h a t  t h e  extremely 
t h i n  ma te r i a l s  used by  them would circumvent t h e  need f o r  t h e  concurrent 
ind iv idua l  ply l eak  check/bladder assembly procedures required of 
Schj e ldahl  

4-16 



Engineering Report I 
ER 15091 

FIGURE 4.5 

REWORK OF STEM SEAL 

Washer Packing I-- 

Mylar Sealing Discs 
and Adhesive 

I 



F 

Engineering Report 
ER 15091 

SSS planned t o  complete one bladder  before  beginning assembly of t h e  
second bladder .  "C" 

b a r r i e r  p lys  was encountered by SSS throughout t h e  f a b r i c a t i o n ,  The 
d i s p o s i t i o n  of t h i s  problem was t o  accept b a r r i e r  plys  with no more 
than f i v e  patches of a prescr ibed na ture .  In  t h i s  manner it was 
poss ib le  t o  o b t a i n  b a r r i e r  p lys  of u l t r a t h i n  f i l m  wi th  an average t o t a l  
l eak  r a t e  of 15.33 cc  per  minute. 

The problem of p i n  holes  i n  t h e  0.15 m i l  Mylar 

Other than  t h e  p in  holes ,  no f a b r i c a t i o n  problems w e r e  reported by SSS. 
A l l  p lys  exhib i ted  orange colored do t s  a t  t h e  cen te r  of t h e  lapped seams 
jo in ing  t h e  adjacent  gores  which were too l ing  "matcht' marks. The seams 
i n  t h e  Merfab p lys  were thermally bonded and those  i n  t h e  Mylar b a r r i e r  
p lys  u t i l i z e d  a l i q u i d  adhesive s p e c i a l l y  formulated f o r  cryogenic 
app l i ca t ions .  The var ious p lys  were jo ined  a t  t h e  stem hole  with a minimum 
of adhesive and the  seal of t he  bladder t o  t h e  stem was achieved without 
t he  use of add i t iona l  adhesive.  

Both of t h e w  bladders  presented an exce l len t  appearance. The f in i shed  
seams exhib i ted  exce l l en t  workmanship. During acceptance t e s t i n g  a t  SSS, 
no leakage was de t ec t ab le  by b u r e t t e  over per iods i n  excess of 10 minutes. 
Both t h e  bladders  were wi th in  t h e  i- 0.13-inch to l e rance  on t h e  sphe r i ca l  
diameter The f i r s t  SSS bladder (E101) produced an overtolerance reading 
a t  one time which wa.s caused by i n t e r p l y  i n f l a t i o n  between t h e  f i r s t  two 
p lys .  This  i n f l a t i o n  ev ident ly  permeated out  through Ply N o .  1 (Merfab) 
Over  a period of t i m e ,  and t h e  diameter was again wi th in  to le rance ,  B l O l  
a l s o  showed a l eak  during acceptance t e s t i n g  a t  Beech, which was t o t a l l y  
e l iminated by t igh ten ing  t h e  nut on the  s t e m  assembly. This  discrepancy 
was a t t r i b u t e d  t o  low torque app l i ca t ion  a t  SSS and t o  cold flow of t h e  
bladder mater ia l  

A s l i g h t  change was incorporated i n t o  t h e  second bladder (B102) following 
l i q u i d  hydrogen expulsion t e s t i n g  of B101.  The two o u t e r  and two inner  
Merfab p lys  had been expected t o  perform a s  abrasion sh ie lds ,  but were 
f a i l i n g  ea r ly  on B101.  These p lys  suf fered  extensive shredding t o  a degree 
where major t e a r s  ( i n  t h e  d i r e c t i o n  of t h e  r e in fo rc ing  f i laments , running  
from pole  t o  pole)  were spaced a t  i n t e r v a l s  of l e s s  than one inch. Such 
f a i l u r e  was not apparent during t h e  mater ia l  t e s t i n g  of Task I; it was 
a t t r i b u t e d  t o  t h e  high f r i c t i o n  c o e f f i c i e n t  of t h e  polyethylene and lack  
of t e a r  r e s i s t a n c e  a t  cryogenic temperatures.  It was judged t h a t  t h e  0.15 
m i l  Mylar b a r r i e r  p lys  performed s i g n i f i c a n t l y  b e t t e r  ( than  the  Merfab) 
when they were exposed following f a i l u r e  of t h e  Merfab p l y s ,  t he re fo re ,  it 
was bel ieved t h a t  b e t t e r  performance would be achieved by rearranging t h e  
p lys  of bladder B102. The f a b r i c a t i o n  of B102, however, had progressed 
t o  a point  where it was f e a s i b l e  t o  add only a s i n g l e  Mylar ply t o  the  
ou t s ide  of t h e  bladder.  
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4.3 Test  Requirements and Apparatus 

The ob jec t ives  of Task I1 expulsion t e s t i n g  required t h e  following c a p a b i l i t i e s  
of t h e  expulsion t e s t  apparatus:  

Liquid hydrogen expulsion v i a  inward expulsion (cryogen i n s i d e  b ladder ) .  

Transparent dewar t o  permit v i sua l  observat ion.  

Spherical  conf igura t ion ,  approximately 12 inches i n  diameter.  

Up t o  25 rap id  cyc les  ( f i l l  and expel)  p e r  bladder .  

Provis ions f o r  de t ec t ing  inc ip i en t  bladder f a i l u r e  during expulsion 
t e s t  run. 

Means f o r  flowing l i q u i d  hydrogen i n t o  bladder and venting same. 

Provis ions f o r  p o s i t i v e  purge. 

System v e r s a t i l i t y  f o r  revers ing  flow paths ,  e t c .  

System pressures  up t o  20 ps ia .  

Fine and p o s i t i v e  con t ro l  over both i n s i d e  bladder and ou t s ide  
bladder pressure.  

Variable  flow r a t e s  from 0.1 gpm t o  a maximum approaching 10 gpm. 

The expulsion test apparatus ,  toge ther  with a l l  o t h e r  t e s t  apparatus 
u t i l i z e d  i n  t h i s  program, was loca ted  i n  a remote t e s t  a r ea .  The expulsion 
and Twist-Flex apparatus were loca ted  i n  one room, separated from t h e  
cont ro l  room by a 12-inch concrete  b l a s t  wall  with two blast-proof 
observat ion windows. A foam-insulated l i n e  suppl ied l i q u i d  hydrogen t o  
t h e  expulsion and Twist-Flex apparatus;  another l i n e  supplied l i q u i d  n i t rogen  
to  t h e  Twist-Flex apparatus .  Helium gas was suppl ied from a tube t r a i l e r  
of from a bank of "K" b o t t l e s .  

The con t ro l  panel f o r  t he  expulsion test apparatus,  Twist-Flex con t ro l s ,  
permeabili ty t e s t  f i x t u r e ,  and t h e  helium MS l eak  de tec to r  were loca ted  
i n  t h e  con t ro l  room. The a rea  was equipped with a permanent system f o r  
de t ec t ing  hydrogen contamination i n  t h e  test and s torage  a reas .  The test 
a rea  w a s  a l s o  equipped with a l i q u i d  ni t rogen deluge sys tem.  

4-19 

30-33364 
was E-270-1) 



Engineering R 
ER 

FIGURE 4.6 

EXWLSION TEST SYSTEN SCHEMATIC 
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4 ~ 3 1 ExDulsion T e s t  Atmaratus 

A flow schematic and general  view of t h e  expulsion test  apparatus a r e  shown 
on Figures  4 . 6  and 4 .7  r e spec t ive ly .  The upright  c y l i n d r i c a l  ob jec t  t o  t h e  
r i g h t  of t h e  f i g u r e  i s  a 70-gallon s torage  dewar. The test dewar i s  f i l l e d  
from t h e  s torage  dewar and the  helium pressurant  i s  precooled by t h e  l i q u i d  
hydrogen i n  t h e  s torage  dewar. The s torage  dewar i s  f i l l e d  by a foam- 
in su la t ed  l i n e  from a hydrogen dewar i n  t h e  s torage  wing. Two small vacuum- 
jacketed l i n e s  car ry  l i q u i d  hydrogen from the  s torage  dewar t o  t h e  g l a s s  
test dewar. One of t hese  l i n e s  a l s o  c a r r i e s  t h e  co ld  pressurant  t o  t h e  t e s t  
dewar. The g l a s s  t e s t  dewar i s  a t  t h e  lower cen te r  of t he  photo, and i s  
shown i n  t h e  test  pos i t i on .  It  can be lowered by means of a j ack  f o r  
i n s t a l l a t i o n  or removal of t h e  test bladder .  The vacuum/purge gas manifold 
valves  and t h e  pressure  cont ro l  vent valves  are loca ted  along the  t o p  of 
t h e  test s tand.  The vent l i n e  extends upward from t h e  two diaphram-type 
vent valves.  The vacuum pump i s  t o  t h e  l e f t  and out  of t h e  photo. A l l  
l i n e s  and w i r e s  t o  t h e  cont ro l  room a r e  routed i n  instrumentat ion tunnels  
under t h e  f l o o r  

Figure 4 .7  i s  viewed looking toward t h e  con t ro l  room and one of t h e  
rec tangular  observat ion windows can be seen behind t h e  vent valves  a t  
t h e  l e f t  of t h e  photo. A remote con t ro l  panel i s  loca ted  i n  t h e  cont ro l  
room and adjacent  t o  t h e  window so t h a t  t h e  opera tor  can observe t h e  
test  from h i s  pos i t i on  a t  t h e  con t ro l  panel.  

The major components of t h i s  system and t h e  con t ro l  panel a r e  f u r t h e r  
described i n  t h e  following paragraphs. 

4 .3 .1 .1  Descr ipt ion of Major Components 

The 'dewar i s  shown 
1 2 - l i t e r  sphe r i ca l  

4 . 3 . 1 . 1 . 1  G l a s s  T e s t  Dewar 

i n  Figure 4.7 and is a l so  shown i n  Figure 4.8.  The 
g l a s s  dewar i s  a product of S c i e n t i f i c  Glass Apparatus 

Company, Bloomfield, New Jersey, and was purchased without s i l ve r ing .  The 
metal base was removed t o  increase  t h e  f i e l d  of observat ion and t h e  dewar 
was mounted by shock cord t o  a plywood base loca ted  on the  t e s t  s tand  
"elevator".  The dewar exhib i ted  su rp r i s ing ly  good thermal performance and 
has successfu l ly  withstood i n t e r n a l  pressure a s  high a s  7 ps ig .  
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4 .3 .1 .1 .2  Plumbing R i s e r  

The spec ia l  g l a s s  s topper  te rmina tes  i n  a plumbing r i s e r  a s  shown i n  
Figure 4 .9 .  This  plumbing r i s e r  w a s  developed t o  provide a c a p a b i l i t y  
f o r  both inward and outward expulsion. The vacuum-jacketed l i n e s  from 
t h e  s to rage  dewar connect t o  t h e  plumbing r i s e r  a t  t h e  top  and a t  a point  
on t h e  s ide .  Twin connection poin ts  on t h e  o t h e r  s i d e  of t h e  plumbing 
riser l ead  t o  t h e  evacuation/gas purge/vent manifolds (non-jacketed),  

The plumbing riser i s  s t a t i o n a r y  and t h e  g l a s s  t e s t  dewar i s  lowered t o  
permit i n s t a l l a t i o n  of t h e  bladder.  The f l a r e - f i t t i n g  end on t h e  stem 
assembly of t h e  bladder connects t o  t h e  B-nut shown i n  Figure 4 .9 .  The 
f i g u r e  a l s o  shows how t h e  withdrawal tube passes  through t h e  s t e m  assembly 
of t h e  bladder .  The withdrawal tube extends t o  a point  near t h e  i n s i d e  
bottom of t h e  dewar, a s  shown i n  Figure 4 .8 ,  The weight of t h e  plumbing 
i s  s u f f i c i e n t  t o  maintain t h e  stopper-to-dewar s e a l  a t  i n t e r n a l  pressures  
up t o  approximately 5 p s i ,  

4 .3 .1 .1 .3  Storage Dewar 

The schematic of Figure 4 . 6  shows t h e  arrangement of t h e  plumbing in s ide  
t h e  70-gallon LH2 s torage  dewar. 
t h e  dewar t o  avoid encumbering t h e  vacuum-jacketed t r a n s f e r  l i n e s  and t o  
minimize heat  input .  The dewar plumbing included fou r  solenoid valves  
p r i o r  t o  t h i s  program t o  provide a f u l l  capaci ty  f o r  inward and outward 
expulsion. The c o i l  for cool ing the  helium pressurant  was located near 
t he  bottom of t h i s  dewar. A pressure c o n t r o l l e r  and pneumatic-operated 
valve provide f o r  t h e  des i red  pressure (general ly  12 p s i )  for f i l l i n g  
the  test dewar, A pressure t a p  w a s  incorporated t o  r a i s e  t h e  pressure 
wi th in  t h e  s torage  dewar a t  a r a t e  much more rap id  than t h a t  r e a l i z e d  
from normal b o i l  o f f .  

The solenoid valves  were loca ted  i n s i d e  

4 i3 .1 .1 .4  Remote Control Panel 

The remote cont ro l  panel presents  a comprehensive flow diagram of t h e  
expulsion system a s  shown i n  Figure 4.10. The system schematic (Figure 
4 .6)  i s  graphica l ly  arranged so a s  t o  genera l ly  dup l i ca t e  t h e  cont ro l  
panel. I n  genera l ,  t h e  i t e m s  i d e n t i f i e d  as valves  i n  the  schematic a r e  
ind ica to r  switches on t h e  panel and con t ro l  t h e  r e spec t ive  valves.  These 
switchg a r e  i l luminated green when t h e  valve i s  open and red when t h e  valve 
i s  closed.  The flow l i n e s  on t h e  panel a r e  co lo r  coded. The t h r e e  
pressure c o n t r o l l e r s  provide va r i ab le  pressure  con t ro l  on t h e  ou t s ide  of 
t h e  bladder,  on t h e  in s ide  of t h e  bladder,  and i n  t h e  s torage  dewar, 
r e spec t ive ly .  This  cont ro l  i s  achieved by means of r e spec t ive  diaphragm 

4-23 

3-33364 
85  E-270-1) 
... - 



Eng ineer  ing Rep0 r t .I 

ER 15091 

90-33364 
(was E-270-1) 



Engineering Report - -  
ER 15091 

FIGURE 4.9 

TEST DEWAR PLUMBING RISER (SECTIONAL VIEW) 
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valves  i n  t h e  var ious vent l i nes .  The gauge with t h e  black d i a l  i s  a duplex 
compound gauge reading from 30 inches Hg vacuum t o  30 ps ig  and i n d i c a t e s  t h e  
r e spec t ive  pressures  i n s i d e  and ou t s ide  t h e  bladder.  Another duplex gauge 
(0 t o  15 p s i )  was added (immediately above t h e  duplex compound gauge) t o  
provide more p rec i se  readings of pressures  i n s i d e  and ou t s ide  t h e  bladder 
during t h e  f i l l  and expulsion cyc les .  The duplex gauges provided an indica-  
t ion  of t h e  pressure d i f f e r e n t i a l  across  t h e  bladder .  

4 .3 .1 .1 .5  Miscellaneous Features  

Several  i t e m s  which appear on t h e  system schematic (Figure 4.6)  and a r e  not 
portrayed on t h e  con t ro l  panel were added during t h e  course of t h e  expulsion 
t e s t i n g .  A pressure  gauge w a s  added i n  t h e  l i q u i d  hydrogen f i l l  l i n e  ( a t  
t h e  plumbing r i s e r )  t o  i n d i c a t e  t h e  in s ide  bladder pressure during c e r t a i n  
t e s t  runs when t h e  duplex gauges were p a r t i a l l y  inoperable  due t o  vent 
o r i f i c e  blockage. This  gauge a l s o  ind ica ted  t h e  pressure drop through t h e  
bladder during f i l l  

A manometer was connected i n t o  the  common vent l i n e  t o  provide an indica-  
t i o n  of vent back pressure during l i q u i d  hydrogen expulsion. This  proved 
t o  be a valuable  add i t ion  t o  t h e  system because it provided pos i t i ve  
ind ica t ion  of l i q u i d  expulsion. Readings ranging from 3 t o  4 inches 
( t o t a l )  water, produced a s i g n i f i c a n t  pressure  ind ica t ion  of t h e  l i q u i d  
hydrogen expulsion, 

4 .3 .2  Permeabi l i ty  Test  Apparatus 

The secondary ob jec t ive  of t h i s  test  program was t o  determine the  e f f e c t s  
of progressive l i q u i d  hydrogen expulsion cyc l ing  upon t h e  permeabi l i ty  of 
each bladder .  This  required q u a n t i t a t i v e  permeabi l i ty  measurement a t  r egu la r  
i n t e r v a l s  i n  t h e  test  procedure f o r  each bladder .  

The apparatus i s  shown i n  Figure 4 .11 .  The permeabili ty f i x t u r e  i s  seen 
a t  t h e  bottom of t h e  photo, while t h e  b u r e t t e  tube appears on the  wall  t o  
t h e  l e f t .  The piping schematic of t h e  permeabi l i ty  apparatus  i s  shown i n  
Figure 4.12. 

The bas i c  components of t h e  bladder permeabi l i ty  test f i x t u r e  were a b e l l  
j a r  and a p l a t e  to  close o f f  t h e  b e l l  j a r .  The g l a s s  b e l l  j a r  was 14 1/4 
inches OD, 3/8 inch th i ck ,  and 1 8  inches high and was procured with a 
matching rubber gasket .  The b e l l  j a r  was held upright  by a wood and p ly-  
wood s tand.  The c i r c u l a r  1/2-inch s t a i n l e s s  steel cover p l a t e  provided a 
bladder-mount f i t t i n g  mating with t h e  bladder s t e m  assembly. The cover 
p l a t e  a l s o  included an a i r -b leed  probe and t h e  necessary connections f o r  
bleeding of f  t h e  a i r  from ins ide  t h e  bladder and f o r  pressur iz ing  t h e  
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bladder .  Provis ion was a l s o  made f o r  connection of a l i n e  t o  ca r ry  t o  
t h e  b u r e t t e  t h a t  volume of gas  which had permeated out  through t h e  
pressur ized  bladder.  

The l a r g e  manometer i n  Figure 4 .11  ind ica ted  t h e  pressure  on t h e  i n s i d e  
of t h e  bladder .  The smaller  manometer w a s  incorporated t o  i n d i c a t e  t h e  
back pressure  caused by t h e  b u r e t t e  and t o  assure  t h a t  it was wi th in  
acceptable  l e v e l s  f o r  acceptance l e a k  tests. H e l i u m  supply and vent 
l ines  and t h e  necessary valves  were semi-permanently i n s t a l l e d  i n  t h e  
con t ro l  room. The l a r g e r  l eak  r a t e s  were determined by a w e t  test 
meter i n s t ead  of t h e  b u r e t t e .  

4.4 Expulsion Bladder Tes t ing  

A l l  of t h e  procedures and bladder  tests performed at  Beech a r e  described 
i n  t h e  following paragraphs. The na ture  and form of t h e  da t a  t o  be 
acquired i s  a l s o  discussed.  

4 . 4 . 1  Receiving Inspect ion  

A procedure was developed t o  provide f o r  a rece iv ing  inspec t ion  of Task I1 
bladders  a t  Beech which was cons i s t en t  with t h e  q u a l i t y  provis ions imposed 
upon bladder f a b r i c a t i o n .  

The rece iv ing  inspec t ion  procedure was q u i t e  rout ine ,  except f o r  t h e  
acceptance l eak  tes t .  The shipping conta iner  w a s  examined f o r  damage and 
then  opened, checking f o r  compliance with t h e  packing plan.  The condi t ion  
of t h e  bladder and t h e  stem assembly were checked and t h e  bladder i d e n t i -  
f i c a t i o n  was v e r i f i e d ,  A check was made t o  e s t a b l i s h  t h a t  a l l  of t h e  
required documentation had been submitted for t h e  bladder .  The bladder 
dimensionswerethen measured by means of a f l a t  p l a t e ,  angle blocks and 
c a l i p e r s  t o  determine t h e  sphe r i ca l  diameter. The o f f i c i a l  diameter was 
obtained by tak ing  t h e  average of a number of measurements, across  both 
t h e  " f l a t s "  and t h e  "points" of t h e  bladder ( i n f l a t e d  t o  a pressure  of 12 
inches of water ) .  
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FIGUFtE 4-12 

SCHEMATIC OF BLADDER PERMEABILITY TEST SYSTEM 
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The acceptance leak test was made per t h e  d e t a i l e d  procedure previously 
descr ibed.  It  was spec i f i ed  t h a t  t h e  bladder could not have any b u r e t t e  
i nd ica t ion  of leakage i n  10 minutes when i n f l a t e d  wi th  helium t o  a pressure  
of 28 inches of water (1 p s i ) .  A s  previously s t a t e d ,  t h e  back pressure 
caused by t h e  b u r e t t e  de lays  t h e  appearance of bubbles i n  t h e  b u r e t t e  
u n t i l  t h e  gas which has permeated through t h e  bladder bu i lds  up s u f f i c i e n t  
pressure t o  overcome t h e  back pressure.  This  condi t ion  was acceptable  
wi th in  c e r t a i n  l i m i t s  and it was u t i l i z e d  t o  provide a p lus  to le rance  f o r  
t h e  spec i f i ed  zero l eak  r a t e .  Several  bladders  exhib i ted  no de tec t ab le  
leakage over periods of t i m e  exceeding 30 minutes, but t h e  o t h e r  bladder 
showed a t r a c e  of leakage. The b u r e t t e s  a t  Beech and a t  t h e  subcontractors  
were ad jus ted  so a s  t o  l i m i t  t h e  back pressure  t o  0.75 inch of water and 
an add i t iona l  manometer was added t o  provide assurance t h a t  t h e  back p res -  
sure  w a s  wi th in  these  l i m i t s .  With t h i s  provision, t h e  leak  r a t e  could 
range from 0 t o  approximately 0.5 cc per  minute, even though no bubbles 
appeared wi th in  10 minutes of t h e  t i m e  t h e  b u r e t t e  l i n e  was connected. 

Following acceptance, t h e  bladder was placed i n  a condi t ioning chamber f o r  
a t  l e a s t  24 hours.  The condi t ioning chamber had been developed t o  provide 
a low humidity environment of n i t rogen  gas a t  a con t ro l l ed  temperature.  

The chamber was maintained a t  a temperature between 90 F and 110 F and a t  
a humidity ranging from 2% t o  5% during a l l  t imes of bladder condi t ioning.  

0 0 

4.4.2 Bladder Permeabili ty Tes t ing  

The procedures f o r  determining bladder permeabi l i ty  (leakage) during 
expulsion t e s t i n g  were b a s i c a l l y  t h e  same a s  f o r  t h e  ind iv idua l  ply leak  
check (by t h e  bladder subcontractor)  and t h e  acceptance leak  t e s t .  Any 
devia t ion  between t h e  var ious permeabi l i ty  tests a r e  described i n  t h e  
following paragraphs. 
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The b a s i c  bladder  permeabi l i ty  t es t  procedure w a s  a s  fol lows,  The f i r s t  s i x  
s t e p s  provided a system i n t e g r i t y  check t o  in su re  t h a t  t h e  system w a s  l eak  
free 

1. I n s t a l l  bladder  on f i t t i n g  on cover  p l a t e  of permeabi l i ty  
f i x t u r e ,  us ing  copper Del-Seal. 

Pos i t i on  cover p l a t e  on b e l l  j a r  and clamp l e a k  t i g h t .  2.  

3. Open bleed valve making in s ide  of bladder common t o  space 
ou t s ide  of bladder  by proper tube  connection. 

4 .  P re s su r i ze  with helium u n t i l  reading on bladder  manometer 
i s  12 inches (water) .  

5. Monitor bladder  manometer f o r  5 minutes. I f  p ressure  drop 
occurs ,  r e p a i r  l eak  and repea t  t h i s  s t ep .  

6 .  Remove b u r e t t e  l ine /b leed  l i n e  loop, reducing i n t e r n a l  
pressure  gradual ly .  

7. Plow helium f o r  t h r e e  minutes (or u n t i l  a l l  a i r  i s  b led  o f f  
from i n t e r i o r  of bladder)  through t h e  t h r o t t l i n g  valve,  t h e  
bladder ,  and t h e  bleed valve.  

8. P res su r i ze  i n t e r i o r  of bladder  with helium t o  t es t  pressure  
of 28 + 0 . 5  inches of water and maintain pressure  through 
Step 15. 

9 .  Bring o i l  i n  b u r e t t e  t o  proper l e v e l  f o r  i n i t i a t i o n  of 
permeabi l i ty  t es t .  

10. Connect l i n e  from cover p l a t e  t o  bu re t t e .  S t a r t  tes t  t iming 
and t a k e  f i r s t  b u r e t t e  reading immediately a f t e r  f i r s t  bubbles 
have ascended. Stop test  t iming and t ake  second b u r e t t e  
reading immediately a f t e r  a bubble o r  a group of bubbles.  
Record a l l  t i m e s  and readings.  

(For acceptance tests, t h e  t es t  t iming was s t a r t e d  and f i r s t  
b u r e t t e  reading w a s  taken a t  t i m e  b u r e t t e  l i n e  was connected. 
Time w a s  stopped and second b u r e t t e  reading was taken a t  end 
of 10 minutes.)  

11. C l o s e  t h r o t t l i n g  valve and open bleed valve t o  secure system 
a f t e r  test .  Remove "C" clamps. 
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The preceding procedure was appl icable  t o  a l l  bladder permeabi l i ty  tests 
employing t h e  permeabi l i ty  f i x t u r e  and t h e  bu re t t e ,  except f o r  t h e  
b u r e t t e  back pressure  check f o r  acceptance leak  tests. It was spec i f i ed  
t h a t  t h e  acceptance leak test procedure include a flow of gas  (from an 
ex te rna l  source) through t h e  l i n e  t o  t h e  b u r e t t e  t o  ve r i fy  t h a t  t h e  back 
pressure  (as read on t h e  b u r e t t e  manometer) d id  not exceed 0 .75  inch 
(water) .  The manner of taking b u r e t t e  readings i n  S tep  10 above elimina- 
t e d  any concern f o r  b u r e t t e  back pressure  during expulsion t e s t  
permeabi l i ty  checks. 

A major e f f o r t  was expended during t h e  Task I1 t e s t  program t o  e s t a b l i s h  
a permeabi l i ty  p r o f i l e  f o r  each bladder a s  i t  progressed through t h e  25 
cycles of l i q u i d  hydrogen expulsion. Though q u a n t i t a t i v e  permeabili ty 
could not be expected, it was hoped t h a t  t h e  mass spectrometer (MS) 
helium de tec to r  would provide some ind ica t ion  of change i n  permeabi l i ty  
a f t e r  each expulsion cyc le .  Such ind ica t ions  could be co r re l a t ed  t o  
f requent  permeabi l i ty  readings a t  ambient temperature i n  t h e  permeabi l i ty  
f i x t u r e  f o r  i n i t i a l  bladders .  Rela t ive  permeabi l i ty  r a t e s  could then be 
determined f o r  subsequent bladders  by means of MS readings only and 
without r e s o r t i n g  t o  permeabi l i ty  t e s t s  a t  ambient temperature.  Permea- 
b i l i t y  t e s t i n g  a t  ambient temperature was very t i m e  consuming because 
more than  12 hours elapsed during warm up from l i q u i d  hydrogen temperature 
t o  ambient temperature,  t he re fo re ,  t h e  frequency of ambient temperature 
permeabi l i ty  t e s t i n g  e s t ab l i shed  the  number of expulsion cyc les  which 
could be accomplished i n  a work day. 

The Task I1 test plan spec i f i ed  t h a t  ambient temperature permeabi l i ty  be 
performed a t  i n t e r v a l s  of f i v e  expulsion cyc les .  It  was hoped t h a t  a 
s a t i s f a c t o r y  c o r r e l a t i o n  between t h e  ambient temperature t e s t  and t h e  MS 
ind ica t ion  could be acquired during t h e  25 cyc les  of expulsion t e s t i n g  on 
no more than  two bladders .  The MS method of i nd ica t ing  in te r -cyc le  l e a k  
r a t e s  however proved inadequate.  Frequent permeabi l i ty  tests a t  ambient 
temperature, t he re fo re ,  provided the  only means f o r  determining a b ladder ' s  
permeabi l i ty  p r o f i l e  f o r  t he  25 l i q u i d  hydrogen expulsion cyc les .  
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D i f f i c u l t i e s  were encountered i n  the i n s t a l l a t i o n  i n t o  t h e  t e s t  dewar (and 
removal) of t h e  f i r s t  bladders .  The bladders  incurred add i t iona l  handling 
due t o  t h e  repeated i n s t a l l a t i o n  and removal opera t ions  f o r  permeabi l i ty  
t e s t i n g ,  This  s i t u a t i o n  l e d  t o  t h e  development of a procedure f o r  per- 
forming t h e  permeabi l i ty  test  whi le  t he  bladder was s t i l l  i n  t h e  g l a s s  tes t  
dewar (with the dewar a t  ambient temperature).  
rubber s topper  and an adapter  a s  shown i n  Figure 4.17. The long tube  
through t h e  s topper  terminated i n  an adapter  f o r  connecting the  bladder 
stem assembly and provided a means f o r  pressur iz ing  t h e  in s ide  of t h e  
bladder with helium. The shor t  tube  opened i n t o  the  neck por t ion  of t h e  
dewar; i t s  upper end provided f o r  connection of a l i n e  t o  the bu re t t e .  
T h i s  arrangement u t i l i z e d  t h e  same helium supply, manometers, and b u r e t t e s  
which were used w i t h  the  b e l l  j a r  arrangement. 

This  method u t i l i z e d  a 

The t e s t  dewar permeabi l i ty  arrangement was used f o r  a l l  b ladders ,  even 
though procedures were developed which decidedly f a c i l i t a t e d  bladder 
i n s t a l l a t i o n  and removal. Some of t h e  permeabi l i ty  t e s t s  were repeated 
by using the  b e l l  j a r  method, e spec ia l ly  f o r  those  bladders  which were 
comparatively easy t o  i n s t a l l  i n  (and remove from) t h e  g l a s s  t e s t  dewar, 

These dup l i ca t e  tests were t o  provide a c o r r e l a t i o n  between the  two 
methods. Complete c o r r e l a t i o n  was not a t t a ined ,  but the dup l i ca t e  
readings d i d  se rve  t o  v e r i f y  t h e  test dewar permeabi l i ty  readings.  The 
b u r e t t e  provided a prec ise  method of measurement f o r  low l eak  r a t e s ,  
e spec ia l ly  f o r  those approaching zero.  A Prec is ion  w e t  t e s t  m e t e r  was 
i d e a l  f o r  reading t h e  higher  leak  r a t e s  from 100 cc per  minute on up t o  
i t s  maximum r a t e  of approximately 30,000 cc  (30 l i t e r s )  per  minute. Both 
t h e  b u r e t t e  and t h e  w e t  test  meter produced prec is ion  readings i n  t h e  
l eak  range between t h e  extremes descr ibed above. 

4 , 4 . 3  Expulsion Test ing 

The following paragraphs r e f l e c t  t h e  procedures presented by t h e  Task I1 
test plan.  The procedures a r e  f o r  t he  i n s t a l l a t i o n  of t h e  bladder i n  t h e  
dewar qnd expulsion apparatus,  t h e  purging of t h e  dewar for l i q u i d  hydrogen 
opera t ion  and a t y p i c a l  inward expulsion cyc le .  

4 . 4 . 3 . 1  Bladder I n s t a l l a t i o n  

The test  plan o r i g i n a l l y  provided f o r  bladder attachment t o  t h e  plumbing 
r i s e r ,  followed by i n s t a l l a t i o n  of t h e  bladder i n t o  t h e  g l a s s  t e s t  dewar 
a s  t h e  dewar was r a i s e d  around t h e  col lapsed bladder .  D i f f i c u l t i e s  were 
encountered i n  i n s e r t i n g  t h e  f irst  bladder through t h e  comparatively 
narrow neck of t h e  dewar. The problem o r ig ina ted  from excessive in t e r -p ly  
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i n f l a t i o n .  The inherent  bulkiness  of var ious bladders  was a l s o  a f a c t o r .  
The i n t e r s t i a l  gas  was forced t o  t h e  t o p  of the  bladder a s  t h e  lower 
por t ion  of t h e  bladder was squeezed down by en t ry  i n t o  the dewar neck. 
D i f f i c u l t y  a rose  i n  " t r ans fe r r ing"  t h e  contained volume o f  
upper port ion,  through t h e  r e s t r i c t e d  port ion,  and t o  t h e  p 
bladder below the  neck of t h e  dewar. T h i s  s i t u a t i o n  is  par 
t r a t e d  by Figure 4.13, though t h e  e a r l y  i n f l a t i o n  was cons 
pronounced than  t h a t  shown i n  t h e  f igu re .  

A procedure was developed t o  f a c i l i t a t e  t h e  i n s e r t i o n  of t h e  problem 
bladders  i n t o  t h e  dewar. The t e s t  bladder was i n s t a l l e d  i n  t h e  permea- 
b i l i t y  test f i x t u r e  and a vacuum pump was used t o  pump on both t h e  i n s i d e  
and ou t s ide  of t h e  bladder .  A pumping t i m e  of from 1/3 hour t o  one hour 
was genera l ly  required t o  produce a s i g n i f i c a n t  reduct ion  i n  in t e r -p ly  
i n f l a t i o n ,  though considerably more pumping was employed i n  i s o l a t e d  
cases .  The p a r t i a l  vacuum was then  gradual ly  and simultaneously "broken" 
on both t h e  i n s i d e  and t h e  ou t s ide  of t h e  bladder .  The cover p l a t e  ( w i t h  
bladder a t tached)  was then  t r a n s f e r r e d  t o  a work s tand .  The bladder was 
folded by hand a s  it was again col lapsed by means of t h e  a i r  pump. I f  
t h e  p l y s  were not c o r r e c t l y  nested f o r  proper fo ld ing ,  t h e  in s ide  of t h e  
bladder was i n f l a t e d  momentarily and then refolded.  A properly folded 
bladder would present a star-shaped c ross  s e c t i o n  i n  t h e  equa to r i a l  plane. 
The bladder could then  be q u i t e  e a s i l y  in se r t ed  i n t o  t h e  dewar. The 
bladder was held i n  a pos i t i on  where the  s t e m  assembly protruded from t h e  
neck of t h e  dewar so t h a t  t h e  connection t o  t h e  plumbing r i s e r  could be 
made during i n s t a l l a t i o n  i n t o  t h e  expulsion t e s t  apparatus .  

A s imi l a r  procedure was employed when in te r -p ly  i n f l a t i o n  presented problems 
i n  removing t h e  bladder from t h e  dewar. A p a r t i a l  vacuum was pumped on both 
t h e  i n s i d e  and ou t s ide  of the  bladder (while i n  t h e  dewar) using t h e  s topper  
arrangement shown i n  Figure 4.13. The f i n a l  phase of t h i s  procedure was t o  
pump on t h e  i n s i d e  of t h e  bladder only t o  co l l apse  t h e  bladder .  

The l a s t  s t e p s  i n  bladder i n s t a l l a t i o n  were t o  pos i t i on  t h e  dewar on t h e  
test s tand "elevator",  p a r t i a l l y  r a i s e  the  e l eva to r  and connect t he  bladder 
s t e m  assembly t o  t h e  plumbing r i s e r  by means of t h e  "B" nut ,  using a copper 
Del-Seal, The g l a s s  s topper  was l i g h t l y  coated with vacuum grease and t h e  
dewar was r a i sed  f u r t h e r  u n t i l  t h e  dewar-stopper s e a l  was a f f ec t ed .  

4.4.3.2 Purge 

The following procedure was used t o  purge t h e  newly i n s t a l l e d  bladder ,  
t h e  t e s t  dewar and assoc ia ted  plumbing t o  a condi t ion  s a f e  for opera t ion  
with l i q u i d  hydrogen (LH2). 
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1. Set  i n s i d e  and o u t s i d e  bladder  pressure  r e g u l a t o r s  a t  2 p s i .  
Raise H pressure  i n  s to rage  dewar t o  3 p s i .  2 

2. S t a r t  vacuum pump and open common valve.  

3. Open evacuate valve and evacuate both s i d e s  of bladder  t o  
approximately 25 inches Hg vacuum. Close evacuate valve and 
p res su r i ze  both i n s i d e  and ou t s ide  of bladder  t o  approximately 
2 p s i  of  helium. 

NOTE: The d i f f e r e n t i a l  p ressure  across  t h e  bladder  s h a l l  not 
exceed 1 ps i a .  

4 .  Repeat S t ep  3 two t i m e s .  

5 ,  Se t  bladder  pressure  r egu la to r s  so t h a t  i n s i d e  r egu la to r  i s  open 
a t  0 pressure .  
through bladder  f o r  f i v e  minutes (flow of l i q u i d  H2 i n t o  bladder 
i s  permiss ib le ) .  Close i n s i d e  bladder  pressure  r egu la to r .  

Open i n s i d e  bladder  LH2 valve and flow H2 gas  

6. Open common valve.  Open sample valve.  Flow H2 gas  through 

Continue H2 flow u n t i l  m a s s  spectrometer (MS) reads 
bladder ,  avoiding any pressure  i n  excess  of 2 p s i  i n s i d e  g l a s s  
dewar. 
only low helium background. Close common valve.  Close i n s i d e  
bladder  LH2 valve and c l o s e  sample valve.  

Bladder i s  now purged and ready f o r  LH2 f i l l .  
i n s i d e  of bladder  t o  avoid helium contamination of sample l i n e .  

Avoid add i t ion  of helium t o  

' 4 . 4 . 3 . 3  Expulsion Tes t ing  

The following s t e p  by s t e p  procedure descr ibes  a t y p i c a l  l i q u i d  hxdrogen 
inward 'expuls ian cicle.  
I 

Several  simulated expuls ion cyc les  were made a f t e r  i n s t a l l a t i o n  (or re - ins ta l -  
l a t i o n )  of t h e  bladder ,  us ing  co ld  H2 gas  i n s i d e  t h e  bladder  and cold helium 
gas o u t s i d e  t h e  bladder .  

F i l l  - 
1. Se t  s to rage  dewar pressure  r egu la to r  a t  12 + 3 p s i .  Do 

not proceed u n t i l  t h i s  pressure  has  been atTained. 

2. Se t  i n s i d e  and ou t s ide  bladder  pressure  r egu la to r  a t  0. 

3.  Open i n s i d e  bladder  LH2 valve t o  f i l l  b ladder  with LH2. 
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Reduce s torage  dewar pressure  i f  p ressure  i n s i d e  bladder 
exceeds one p s i .  Continue f i l l  u n t i l  l i q u i d  l e v e l  i s  
i n s i d e  the  bladder s t e m  assembly. Close i n s i d e  bladder  
LH2 valve.  Promptly perform following expuls ion procedures. 

Expulsion 

4.  Se t  i n s i d e  bladder pressure  r egu la to r  a t  2 p s i  and ou t s ide  
bladder pressure  r egu la to r  a t  3 p s i .  

NOTE: Do not exceed,&,,P of one p s i  across  bladder a t  any 
t i m e  during expulsion, 

5. Open helium cool ing valve and check t h a t  helium con t ro l  
PRV i s  closed (0 p s i ) .  

6. Open ou t s ide  bladder helium gas valve and increase  s e t t i n g  
of helium con t ro l  PRV a s  necessary t o  approach 
p s i  across  bladder .  Helium gas on ou t s ide  of bladder w i l l  
f o rce  LH2 from bladder ,  through bladder s t e m  assembly and 
through t h e  open i n s i d e  bladder pressure r egu la to r  (valve) 
t o  vent.  

NOTE: Increase pressure  momentarily as permissible  and a s  
necessary t o  suppress bo i l ing  of LH t o  enhance 
observat ion or photography. 

2 

7. Decrease s e t t i n g  of helium cont ro l  PRV a s  end of expulsion 
cyc le  i s  approached and c l o s e  same when expulsion is  completed. 

8. Make in t e r - cyc le  l eak  check a s  descr ibed i n  Paragraph 4 .4 .4 .  

9 .  Se t  i n s ide  and ou t s ide  bladder pressure  r egu la to r s  a t  0 p s i  
t o  secure system u n t i l  subsequent opera t ion .  Place s torage  
dewar i n  standby mode. 

It should be noted t h a t  t h e  var ious pressures  and s e t t i n g s  given above a r e  
median values  and w e r e  i n t e n t i o n a l l y  exceeded a t  t imes t o  s a t i s f y  p a r t i c u l a r  
t e s t  parameters or condi t ions .  

Operat ional  Parameters 

The Task I1 test p lan  d i r ec t ed  t h a t  complete l i q u i d  hydrogen (LH ) expulsion 
cyc le s  per  t h e  above procedures be repeated u n t i l  25 cyc le s  had geen completed 
except as follows: 

4-38 



Engineering Report - 
ER 15091 

1. 

2. 

3. 

In te r rupt  expulsion t e s t i n g  a t  t h e  end of every f i v e  complete 
cyc les  and perform bladder leak  test i n  t h e  permeabi l i ty  
f i x t u r e  u n t i l  a c o r r e l a t i o n  between in te r -cyc le  l eak  check 
and ac tua l  ambient bladder permeation r a t e s  was es tab l i shed .  

Observe t h e  degree of in te r -p ly  LH2 permeation during a l l  
per iods of overnight (or comparable) warm up. 

Vary expulsion parameters a t  t imes d i r ec t ed  by t h e  Beech 
pro jec t  engineer a s  follows: 

Expel a t  flow r a t e s  from 0.1 gpm t o  0.5 gpm f o r  one 
cycle .  

Expel a t  maximum flow r a t e s  (but not t o  exceed 10 gpm) 
f o r  one cyc le .  

Impose high f i l l  r a t e s ,  sudden depressur iza t ion  and 
hlgh venting r a t e s  upon t h e  bladder i n  t h e  course of 
two cycles .  

The c o r r e l a t i o n  described i n  Step 1 was never f u l l y  a t t a ined ,  so ambient 
temperature permeabili ty t e s t s  were performed a t  regular  i n t e r v a l s  on a l l  
of t he  bladders .  

Post T e s t  

Upon completion of t h e  L.H2 expulsion cyc les ,  t h e  bladder was removed from 
the  expulsion t e s t  apparatus  and given t h e  f i n a l  permeabi l i ty  t e s t i n g .  
Each bladder was f i n a l l y  given a thorough examination which included a ply- 
by-ply d i s sec t ion .  The post t e s t  examinations a r e  f u l l y  described i n  
Subsect ion  4.5 I 

4 e 4 4 I n t  er-Cycle Leak Check 

It was an t i c ipa t ed  t h a t  an in te r -cyc le  l eak  check by means of a mass 
spectrometer (MS)  helium l eak  de tec to r  would provide pos i t i ve  ind ica t ion  
of bladder permeabi l i ty  and inc ip i en t  f a i l u r e .  

The MS helium de tec to r  was c a l i b r a t e d  p r i o r  t o  each d a i l y  series of 
expulsion cyc les .  The a i r  pump was operated during t h e  test  s e r i e s  t o  p u l l  
t h e  sample of t h e  expel led gas through t h e  sampling l i n e  and past  t h e  point  
where it was "sniffed" by t h e  MS helium de tec to r .  The sample valve w a s  
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opened immediately p r i o r  t o  t h e  d a i l y  t e s t  s e r i e s  t o  provide MS ind ica t ion  
throughout t h e  t i m e  t h a t  l i q u i d  hydrogen w a s  being expel led from t h e  
bladder ,  

The MS readings genera l ly  followed a set p a t t e r n  f o r  t h e  var ious  bladders  
a s  fol lows.  There was e s s e n t i a l l y  no helium ind ica t ion  when expulsion 
was f i r s t  i n i t i a t e d  because t h e  b o i l  o f f  from LH2 f i l l  and t h e  a i r  pump 
combined t o  c l e a r  t h e  sample l i n e  of r e s idua l  helium from t h e  preceding 
expulsion cycle .  This  no-indicat ion condi t ion  continued through t h e  f i r s t  
por t ion  of t h e  expulsion cycle .  Helium was f i r s t  ind ica ted  i n  t h e  l a s t  
po r t ion  of t h e  expulsion cyc le  wi th  ind ica t ion  cont inuing then  i n  an 
increas ing  amount. The reading showed a sharp increase  wi th in  10 seconds 
a f t e r  completion of l i q u i d  expulsion, going of f  s c a l e  i n  t h e  majori ty  of 
cases  before  expulsion was completed. 

MS readings were taken a t  r egu la r  i n t e r v a l s  during the  per iod of 
l i q u i d  expulsion. The mul t ip le  readings genera l ly  showed an o rde r ly  
increase  i n  helium ind ica t ion  f o r  each cyc le  of l i q u i d  expulsion. These 
readings had t o  be converted i n t o  a s ing le ,  r ep resen ta t ive  value t o  p e r m i t  
comparison of helium l eak  r a t e s  f o r  successive expulsion cyc les .  Following 
ca re fu l  study of t h e  MS reading p r o f i l e s  for'  numerous ind iv idua l  expulsion 
cyc les ,  t he  reading taken a t  75% t o  85% of t h e  t o t a l  t i m e  f o r  a c t u a l  l i q u i d  
expuls ion w a s  s e l ec t ed  t o  be used a s  t h e  one permeabi l i ty  reading representa-  
t ive  of t h a t  cyc le  

The in te r -cyc le  leak  check produced e r r a t i c  r e s u l t s  which could not be 
r e a l i s t i c a l l y  c o r r e l a t e d  t o  the  r e s u l t s  of o the r  methods of permeabi l i ty  
( leak)  t e s t i n g .  Figure 4.14 presents ,  a s  a t y p i c a l  example, t h e  permea- 
b i l i t y  p r o f i l e  of bladder B202 a s  determined by the  in te r -cyc le  l eak  check 
and a l eak  t e s t  a t  ambient temperature i n  the  dewar. In  v iew of such 
in te r -cyc le  l eak  check r e s u l t s ,  t h e  ambient temperature permeabi l i ty  test  
a t  r egu la r  i n t e r v a l s  was used t o  determine t h e  permeabi l i ty  p r o f i l e  f o r  
each bladder .  The i n t e r - c y c l e  l e a k  check was continued f o r  a l l  b ladders  
t o  in su re  t h a t  p o t e n t i a l  da t a  was not overlooked. 

Analysis has f a i l e d  t o  e s t a b l i s h  t h e  exact cause f o r  t h e  e r r a t i c  r e s u l t s  
of t h e  in t e r - cyc le  l eak  check. The MS method probably was not ab le  t o  provide 
adequate ind ica t ion  of t h e  helium leakage through t h e  bladder a t  cryogenic 
temperatures.  Though t h e  reading was taken a t  a f ixed  t i m e  during each 
cyc le ,  t h e  e r r a t i c  readings presented t h e  appearance t h a t  successive 
expulsion cyc les  had been sampled a t  d i f f e r e n t  t i m e s  r e l a t i v e  t o  some 
s i g n i f i c a n t  point  i n  t h e  cyc le .  The v a r i a t i o n s  could conceivably r e s u l t  
from changing f l u i d  concent ra t ions  wi th in  t h e  i n t e r s t i a l  spaces of t h e  
bladder p lys ,  which might change rap id ly  ( a t  cryogenic temperatures) from 
pure hydrogen to  a hydrogen-helium mixture. 
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FIGURE 4.14 

BLADDER PEFLMEABILITY PROPILES BY 'VARIOUS METHODS 
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4.4.5 Expulsion Data 

The da ta  of each expulsion cyc le  upon one bladder was recorded on a 
s p e c i a l  form which provided f o r  e n t r i e s  a s  fol lows:  

Bladder number, cyc le  number, da te ,  i n s i d e  and ou t s ide  
bladder pressure c o n t r o l l e r  s e t t i n g s  ( a l so  P across  b ladder ) ,  
f i l l  pressure (of s torage  dewar), f i l l  time, helium pressure 
r egu la to r  s e t t i n g ,  expulsion t i m e ,  per cent  of expulsion, 
and remarks. 

The vent back pressure during expulsion was noted a f t e r  i n s t a l l a t i o n  of 
t he  vent manometer. Except f o r  t h e  e a r l i e r  bladders ,  the  per  cent  of 
l i q u i d  f i l l  was a l s o  noted i f  t h e  f i l l  was less than  95 p e r  cen t .  

Cycle-by-cycle observa t ions  of each bladder were a l s o  recorded, not ing 
t h e  general  expuls ion c h a r a c t e r i s t i c s  of t h e  bladder,  toge ther  with any 
unusual or unique behavior.  A complete h i s t o r y  w a s  a l s o  maintained f o r  
each bladder .  The bladders  were photographed before  t e s t i n g ,  and 
add i t iona l  photos were a l so  made of severa l  bladders  during and a f t e r  
expuls ion t e s t i n g .  
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4 . 5  Expulsion T e s t  Resul t s  

This  s e c t i o n  w i l l  provide a d e t a i l e d  account of t h e  l i q u i d  hydrogen 
expulsion t e s t i n g  of t h e  t e n  bladders .  A b r i e f  summary of t h e  r e s u l t s  
of Lw2 expuls ion t e s t i n g  i s  presented i n  Table 4 .1  providing a compre- 
hensive i n s i g h t  of t h e  o v e r a l l  r e s u l t s  of t h e  program. 

SUMMARY OF BLADDER EXPULSION TESTS 

F ina l  
Perm. 

Bladder C y c l e s  (cc/min. ) Performance and Remarks 
H2 

Merfab/Mylar - 22 Plys  (See Figure 3.41) Sea-Space Systems, Inc.  

BlOl 25 5 800 Excel lent  expuls ion performance; severe fill 
problem el iminated by d e l e t i o n  of nine f a i l e d  
p lys ;  e a r l y  and ex tens ive  f a i l u r e  of Merfab 
s u b s t r a t e  p lys .  

B102 25 18 Lowest permeabi l i ty  r a t e  of a l l  b ladders;  
severe  i n t e r p l y  i n f l a t i o n ;  flow r e s t r i c t i o n  
r e su l t ed  i n  poor f i l l  and expulsion behavior;  
severe  damage t o  Merfab p l y s  only;  nine p lys  
de l e t ed  because of f a i l u r e .  
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TABLE 4 .1  (contd.) 

Nomex/Mylar - 13 P lys  (See F igure  3.43);G.T. Schje ldahl  Company 

B20 1 5 500 F a i l u r e  of bladder-to-stem seal; f i e l d  r e p a i r  
w a s  no t  successfu l .  

B202 25 3300 F a i r  expulsion performance; s e r i o u s  LEI2 f i l l  
problems; s u b s t a n t i a l  l e a k  rate, 

Dacron/Mylar - 13 P lys  (See Figure 3.44);G. T. Schje ldahl  Company 

B203 15 28,000 F a i r l y  good expuls ion  performance; f a i r  f i l l  
behavior;  s i x  p l y s  de l e t ed  (because of f a i l u r e )  
a f t e r  Cycle 9 ;  unable t o  expel  due t o  h igh  l e a k  
rate dur ing  Cycle 15. 

B204 25 17,000 Sub-normal expulsion performance, improved con? 
s ide rab ly  by d e l e t i o n  of s i x  p l y s ;  poor f i l l  
behavior;  d i f f i c u l t  u n i f i e d  bladder a c t i o n  
due t o  easy  p e n e t r a t i a n  of Dacron by LH and 
helium gas. 

2 

> 
B205 25 28,000 Excel len t  f i l l  performance; excellent expulsion, 

e s p e c i a l l y  i n  view of poor bladder condi t ion  and 
excess ive  l eak  rates a f t e r  Cycle 10. 

B206 25 180* The most t rouble- f ree  ope ra t ion  of a l l  10 b ladders ;  
e x c e l l e n t  LHz f i l l ;  good expulsion performance; 
t h i r d  b e s t  (lowest) permeabi l i ty .  

*After s t e m  seal leakage e l imina ted .  

Nomex/Kapton - 13 P lys  (See F igure  3 0 45) ; G. T. Schje ldahl  Company 

B207 25 80 Second b e s t  (lowest) permeabi l i ty  r a t e ;  extreme 
problems i n  f i l l i n g  i n s i d e  of bladder wi th  LEI2; 
very good inward expuls ion;  f o u r  near-perfect 
outward expulsion cyc le s  (99% f i l l  and 99% ex- 
puls ion)  * 
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TABZE 4 .1  (contd.) 

B208 25 240 Good expuls ion behavior;  comparatively low perme- 
a b i l i t y  rates; very poor LH2 f i l l  and excessive 
i n t e r p l y  i n f l a t i o n  f o r  inward expuls ion;  excel-  
l e n t  and problem-free outward expuls ion perform- 
ance. 

4 . 5 - 1  Format f o r  Detai led Reports on Expulsion Tes t s  

The fol lowing paragraphs provide a comprehensive r e p o r t  of t h e  LH2 expuls ion 
t e s t i n g  of t h e  experimental  bladders .  
of a s tandard format. Each of t h e  f i v e  material composites is  def ined and 
descr ibed.  Deta i led  information concerning t h e  t e s t i n g  of each ind iv idua l  
bladder  is  then presented i n  the fol lowing ca t egor i e s  and order :  

This  information is  presented by means 

a. I n i t i a l  condi t ion  
b. Expulsion t e s t i n g  descr ibed by t h e  ind iv idua l  cyc le  

c. Pos t - t e s t  condi t ion  
d. Summary of tes t  

or by series of cyc le s  

This  is  followed by test  conclusions f o r  each of t h e  material composites which 
were tested i n  t h e  form of bladders .  

4.5.1.1 Terminology 

Expulsion tes t  procedures and opera t ions  are descr ibed i n  de ta i l  i n  Subsection 
4.4. However, s eve ra l  terms which w i l l  be employed i n  t h e  fol lowing paragraphs 
deserve explanat ion at t h i s  po in t .  

Expulsion Percentages 

The degree of LH2 f i l l  i n t o  t h e  bladder  and t h e  degree of expuls ion from t h e  
bladder  are expressed i n  percentages of t he  nomfnal capac i ty  of t h e  bladder  
or dewar (12 l i ters) .  Thus, a 50% f i l l  would r e s u l t  i n  t h e  bladder being 
one-half f u l l  (6 l i t e r s )  of LH2 (assuming t h a t  t h e  i n t e r n a l  volume of t h e  
bladder  has  not  been reduced by i n t e r p l y  i n f l a t i o n ) .  
i n d i c a t e s  t h a t  t h e  bladder  has  col lapsed to a po in t  where it has  expel led 
75% (9 l i ters)  of i ts  i n t e r n a l  capac i ty  and t h a t  25% (3 l i ters) of i t s  
capac i ty  remains unexpelled (again assuming t h a t  t h e  i n t e r n a l  volume is  
equal  t o  t h e  volume of t h e  o u t e r  or observed p l y ) .  A s  another  example, 
40% expuls ion would i n d i c a t e  t h a t  60% of t h e  b l adde r ' s  volume (as determined 
by t h e  observed p ly )  remains unexpelled.  

Expulsion of 75%.. 
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Apparent i ncongru i t i e s  of expe l l ing  a l a r g e r  volume than had been f i l l e d  or 
contained are r e a d i l y  explained by not ing  t h a t  the expel led volume may be 
e i t h e r  l i q u i d  or gas, while  t h e  f i l l  percentage involves  only l i q u i d ,  A 
50% f i l l  followed by a 90% expuls ion i n d i c a t e s  t h a t  expuls ion included a t  
least  40% gas (assuming t h a t  t h e  i n t e r n a l  volume is  equal  t o  t h e  volume of 
t h e  o u t e r  or observed p l y ) .  It is  an t i c ipa t ed  t h a t  such a case would proba- 
b ly  produce 6 l i ters of gaseous expulsion, followed by 4.8 liters of l i q u i d  
expulsion, with a r e s i d u a l  i n  t h e  bladder  of 1 . 2  l i ters  l i q u i d .  

Reverse Expulsion 

A l l  expuls ion was t o  t h e  vent, except f o r  s eve ra l  cyc les  which were expel led 
back t o  t h e  s to rage  dewar ( a f t e r  i t s  gauge pressure  had been reduced t o  zero) .  
This  expuls ion back t o  t h e  s to rage  dewar i s  c a l l e d  "reverse expulsion. 11 

Inward and Outward Expulsion 

A s  previously s t a t e d ,  a l l  but  a few of t h e  cyc le s  were inward expuls ion ( the  
p rope l l an t  i n s ide  t h e  bladder  and t h e  pressurant  on t h e  ou t s ide  of t h e  bladder) .  
Several  cyc les  of outward expuls ion were performed by co l l aps ing  t h e  bladder  
t i g h t l y  about t h e  withdrawal tube and f i l l i n g  with LH. on the  ou t s ide  of t h e  
bladder.  The pressurant  is then  introduced on t h e  in s ide  of t h e  bladder  and 
t h e  bladder  i s  expanded t o  ob ta in  outward expuls ion.  

2 

4.5.1.2 Ply Condition D a t a  

The v i s i b l e  damage suf fered  by t h e  var ious p l y s  of t h e  d i f f e r e n t  bladders  is 
portrayed by a series of f i g u r e s  of a s p e c i a l  format. Each page of t hese  
f i g u r e s  provides  a number of sketches,  each represent ing  a s i n g l e  p l y  which 
is i d e n t i f i e d  as t o  p l y  number and material. Any tears (and holes )  are so 
marked on each p l y  as t o  r e f l e c t  t h e  t o t a l  damage incurred by t h e  ply.  

The predominate damage t o  t h e  var ious  p lys  w a s  i n  t h e  form of tears which 
were b a s i c a l l y  on a v e r t i c a l ,  g r e a t  circle path.  Such tears are indica ted  
i n  t h e  f i g u r e s  i n  t h e  fol lowing manner: 
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4.5.1.2 Ply Condition Daea (contd.)  

Example A 

6) 105"-150° 

Example B 

The upper po r t ion  of Example A above represents  t w o  v e r t i c a l  g r e a t  c i r c l e  t e a r s  
of varying length.  The length  of the  s h o r t e r  tears are dimensioned i n  inches 
as shown f o r  t h e  1 .5  inch t e a r .  Tears longer than 3 inches a r e  shown i n  degrees 
represent ing  t h e  c e n t r a l  angle of t he  t e a r  (10" of c e n t r a l  angle equals  1 inch 
of arc l eng th ) .  The lower po r t ion  of Example A i nd ica t e s  t h a t  t h r e e  v e r t i c a l  
g r e a t  circle tears with c e n t r a l  angles  ranging from 30" t o  90"originated from 
t h e  lower pole  of t h e  bladder p ly .  In  a l l  cases, a numeral i n s ide  parentheses  
i n d i c a t e s  t h e  t o t a l  number of a p a r t i c u l a r  type of tear found upon t h e  p ly .  
Example B i n d i c a t e s  t h a t  a t o t a l  of s i x  ver t ical  g r e a t  c i r c l e  tears, each with 
c e n t r a l  angles of from 105" t o  150°, appeared on t h e  bladder p l y  and or ig ina ted  
from t h e  s t e m  area and from t h e  (lower) po la r  area i n  more o r  less equal  numbers. 

Other damage encountered included tears which were b a s i c a l l y  i n  a ho r i zon ta l  
plane, being a c i rcumferent ia l  arc such as on t h e  equator  or p a r a l l e l  t o  t he  
d i a m e t e r  of t h e  s t e m  assembly o r  t he  po la r  cap. These tears are indica ted  on 
the  f i g u r e s  i n  the  manner i l l u s t r a t e d  i n  Example C below. Diagonal tears and 
combination tears are indica ted  as appears i n  Example D. 

7 0  - I  
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4.5.1.2 P ly  Condition D a t a  (contd.) 

Example C Example D 

Example C i n d i c a t e s  a hor i zon ta l  c i r cumfe ren t i a l  tear 1.5 inches long ad- 
j a c e n t  t o  the  s t e m  assembly, an e q u a t o r i a l  tear with an included angle of 
175O and t h r e e  ho r i zon ta l  c i rcumferent ia l  tears  from 1 inch t o  2.5 inches  - 
long p a r a l l e l  t o  and adjacent  t o  t h e  p o l a r  cap. The methods of i nd ica t ing  
q u a n t i t i e s  and lengths  of a l l  tears are i d e n t i c a l  t o  those  explained fo r  t h e  
v e r t i c a l  g r e a t  circle tears. Example D po r t r ays  t w o  combination g r e a t  c f r c l e -  
c i r cumfe ren t i a l  tears and one diagonal  tear, wi th  combination lengths  ind ica ted  
by e l abora t ion  of t h e  method already descr ibed.  Severa1 ,addi t iona l  markings 
are a l s o  improvised i n  t h e  f i g u r e s  accompanying t h e  ind iv idua l  test  desc r ip t ion .  
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4.5.2 BS15108 Type 1 Bladders (Figure 4,15 1, 

j Units :  B l O l  and B102 
Material category: Merf ab/Mylar 
Material composite: See Figure 3.41 
Subcontractor:  Sea Space Systems, Inc,  (SSS) 

Appearance: 

These two bladders  w e r e  i d e n t i c a l  i n  appearance. They were s i l v e r y  i n  color ,  
with s m a l l  orange-colored d o t s  ( too l ing  match marks) centered on t h e  l a p  seams. 
The mono-directional f i l aments  of successive Merfab p lys  r e su l t ed  i n  a diamond 
p a t t e r n  due t o  t h e i r  a l t e r n a t i n g  angles .  The diminshing t ransparancy of t h e  
multi-ply material produced an appearance of considerable  
p o s i t e .  It w a s  impossible t o  d i s t i n g u i s h  t h e  l i q u i d  l e v e l  wi th in  t h e  bladders .  
The bladders  produced a " fee l"  which w a s  s o f t e r  and more f l e x i b l e  than any 
t e s t e d  under a l l  programs a t  Beech. 

I1  depth" t o  t h e  com- 

4.5.2.1 Bladder B l O l  

a. I n i t i a l  Condition 

Bladder B l O l  exhib i ted  no de tec t ab le  leakage (by bu re t t e )  i n  30 minutes and 
measured 11.56 inches (11.50 f -13 w a s  spec i f i ed )  i n  diameter during t h e  accept- 
ance test  a t  SSS. 
acceptance t e s t i n g  a t  Beech even though the  bladder  w a s  hand-carried from SSS 
by Beech personnel and had received no damage i n  any manner. The bladder  d i -  
ameter w a s  measured a t  11.72 inches and it w a s  noted t h a t  t h e  ou te r  p l y  was 
under pressure  and stood out  approximately .13 inch from t h e  second p ly .  How- 
ever,  t h i s  pressure  ev iden t ly  permeated out through t h e  ou te r  Merfab p l y  over- 
night ,  and t h e  bladder  diameter w a s  11.59 inches when rece iv ing  inspec t ion  w a s  
resumed on t h e  second day. The l eak  rate during t h e  acceptance leak t e s t  at 
Beech w a s  .43 cc p e r  minute. Helium l eak  de tec t ion  and a f a i l u r e  i n v e s t i g a t i o n  
suggested t h a t  t h i s  leak might be due t o  i n s u f f i c i e n t  torque on t h e  nut of t h e  
s t e m  assembly and due t o  cold-flow of t h e  bladder material 
s t e m  assembly. The torque on t h e  nut was subsequently increased and t h e  leakage 
w a s  reduced t o  less than -1 cc p e r  minute, which w a s  w i th in  t h e  to le rance  f o r  
acceptance l e a k  tests. Beech w a s  then  ab le  t o  complete acceptance of t h e  bladder .  
The bladder  exhib i ted  e x c e l l e n t  workmanship. 

The bladder  w a s  out-of-tolerance i n  both of t hese  i t e m s  upon 

1 1  clamped" i n  t h e  
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Bladder 8101 (Merf ab/Mylar) 

b. - LH2'Expulsion Tes t ing  

Bladder B l O l  w a s  one of f i v e  bladders  which presented serious d i f f i c u l t i e s  of 
i n s t a l l a t i o n  i n t o  the-dewar.  Talcum powder w a s  used i n  add i t ion  t o  t h e  bladder  
co l l aps ing  and fo ld ing  techniques descr ibed i n  Paragraph ~4.4~3. . In addi t ion,  
a p i ece  of Tygon tubing  w a s  pos i t ioned  t o  lead i n t o  t h e  dewar t o  provide a pa th  
f o r  "venting" t h e  a i r  trapped at t h e  bottom of t h e  dewar by t h e  in t roduc t ion  of 
t h e  bladder .  These measures were s u f f i c i e n t  t o  enable  bladder  i n s t a l l a t i o n ,  
though wi th  considerable  d i f f i c u l t y .  

The fol lowing f a c t o r s  cont r ibu ted  t o  these  add i t iona l  i n s t a l l a t i o n  problems, 
The Merfab ou te r  p l y  exhib i ted  a very high f r i c t i o n  coe f f i c i en t ,  e s p e c i a l l y  
aga ins t  t h e  g l a s s  of t he  dewar. 
any bladder  prev ious ly  i n s t a l l e d  i n  t h e  dewar, due t o  the  22 p l y s  and s l i g h t  
but unavoidable i n t e r p l y  i n f l a t i o n .  

This  bladder  a l s o  exhib i ted  more "bulk" than 

Cycles 1 through 5: 

F i l l :  SO%, 85%, 97%, 93% and 97% respec t ive ly  
Expulsion: 97 t o  98% 
Permeabi l i ty  a f t e r  Cycle 5: 14 cc pe r  mi,pyte*(also see Figure 4.'16) 

This bladder  exhib i ted  t h e  bes t 'bxpuls ion  a c t i o n  of any bladder  Zested 
i n  a l l  programs a t  Beech, except t h a t  t h e  ou te r  p lys  ( l e r f ab )  acted 
independently of o t h e r  bladder p l y s .  Considerable , d i f f i c u l t y  w a s  ex- 
perienced i n  removing t h e  bladder  from t h e  dewar for p e r n e a b i l i t y  tests. 
The bottoms of P lys  No.  1 and 2 (outer  Mdfab  p lys)  were found t o  be 
r ipped.  The bladder  w a s  r e - in s t a l l ed  wi th  P lys  1 and 2 i n  p l ace  i n  
hope t h a t  they would cont inue t o  be e f f e c t i v e  as abrasion s h i e l d s .  

Cycle 6: 

F i r s t  at tempt:  The g l a s s  s topper  l i f t e d  and then  f r o z e  open s h o r t l y  
a f t e r  LH2 f i l l  w a s  begun. 
t h e  neck of t h e  test  dewar, poss ib ly  blocking t h e  ou te r  vent 
o r i f i c e .  Af te r  overnight  warmup, t h e  bladder  w a s  removed suf- 
f i c i e n t l y  t o  d e l e t e  P lys  1 and 2. (Note: ou ter  p lys  were u s u a l l y  
de l e t ed  by c u t t i n g  them of f  a t  t h e  OD of t h e  s t e m  assembly as shown 
i n  Figure 4.17) .  
Permeabi l i ty:  25 cc p e r  minute. 

A p a r t  of Ply 1 w a s  dis tended up i n t o  
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FIGURE 4.16 

PEMEABILITY PROFILE OF BLADDER BlOl 
(MERFAB/MYLAR) 

I 

LH2 E x p u l s i o n  Cycles 
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FIGURE 4.17' 

REMovAz, OF OUTER PLYS 

Next t o  Outer  Ply 

1/4" S k i r t  L e f t  A f t e r  Removal of 
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Bladder B l O l  (Merfab/Mylar) 

Second a.ttempt: Unable t o  flow f l u i d  through 
pressure  gauge (tapped of f  a t  vent  l i n e )  
determined t h a t  LEI2 flow w a s  suppl ied t o  
l i n e  w a s  open. 

bladder;  i n s i d e  bladder 
read zero. Checked and 
bladder  and t h a t  vent 

It w a s  concluded t h a t  t h e  inne r  Merfab p l y s  (Plys 21  and 22) were 
jammed i n t o  vent o r i f i c e ,  p roh ib i t i ng  any flow through bladder.  

Following warmup, bladder  w a s  removed and stem w a s  loosened. 
P lys  21  and 22 were completely shredded so they were removed. 
Reassembled bladder  and r e i n s t a l l e d  i n  dewar. 

Permeabi l i ty:  37 cc p e r  minute. 

Third attempt: Every poss ib l e  manner of f i l l  w a s  attempted f o r  1.5 
hours but  f l u i d  flow through bladder  w a s  not poss ib le .  

Following warmup, t h e  bladder  w a s  removed: - i nne r  Mylar p l y  
w a s  p ro t ruding  through bore of s t e m  assembly, f u r t h e r  i nd ica t ing  
t h a t  i nne r  p l y s  were blocking vent o r i f i c e .  

The fol lowing f a i l e d  p lys  were de le ted :  3, 4, 18, 19, and 20. 
Bladder w a s  reassembled and r e i n s t a l l e d  i n  dewar. 

Permeabi l i ty:  4100 cc p e r  minute. Th i s  high l eak  rate w a s  
bel ieved t o  be due t o  poor "lay" of i nne r  p l y s  on s t e m  f l ange  
during reassembly but e f f o r t s  t o  improve same were of no a v a i l .  

Cycles 6 through 12: 

F i l l :  99% 
Expulsion: 98% (except 80% f o r  Cycle 6) 
Permeabi l i ty  a f t e r  Cycle 1'2: 6350 cc p e r  minute 

Action and behavior was exce l l en t  during t h e s e  cyc les .  Dele t ions  of 
n ine  (of 22) p lys  appeared t o  correct f i l l  problems. 
Fa i led  o u t e r  Ply 5 (Mylar) was removed. 

Cycles 13 through 19: 

F i l l :  99% 
Expulsion: 99% 
Permeabi l i ty  a f t e r  C y b l e  19: 2750 cc p e r  minute 

(Lower l e a k  rate could be a t t r i b u t e d  t o  b e t t e r  s e a t i n g  
of . ,  p l y s  on s t e m  f lange . )  

Actiori and behavior continued t o  be e x c e l l e n t  during these  cyc les .  
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Cycles 20 through 25: 

F i l l :  99% 
Expulsion: 98 - 99% 
F i n a l  permeabi l i ty  after 25 cycles :  5800 cc p e r  minute 

Action and behavior continued excellent.  

c. Post-Test Condition 

Indiv idua l  p l y s  which were removed from bladder B l O l  dur ing  t h e  course of 
expulsion t e s t i n g  were P lys  1, 2, 3, 4, and 5 from t h e  ou t s ide  of t h e  bladder 
and P lys  22, 21, 20, 19, and 18 from t h e  i n s i d e  of t h e  bladder.  The remainder 
of t h e  p l y s  were c a r e f u l l y  removed f o r  examination a f t e r  a l l  expulsion t e s t i n g  
had been completed. The cond i t ion  a t  t i m e  of removal of the var ious  p l y s  i s  
portrayed by Figure 4 . 1 8  ( f i v e  pages) i n  t h e  manner described i n  Paragraph 
4.5.1.2. 

A s  shown i n  Figure 4,L8 a l l  p l y s  su f fe red  some amount of damage, with t h e  
most severe  damage occurr ing  t o  t h e  o u t e r  p lys .  The p l y s  midway through t h e  
material composite su f fe red  t h e  least damage. The Merfab p l y s  incur red  much 
more damage than  t h e  ad jacent  Mylar p lys .  Most of t h e  Merfab p l y s  exhib i ted  
very advanced f a i l u r e ,  w i th  long, mono-directional tears p a r a l l e l  t o  t h e  
f i laments .  P ly  10 exh ib i t ed  t h e  only tears i n  t h e  Merfab which were normal 
t o  t h e  f i laments .  

d. Summary 

1, 

2. 

3. 

4. 

5 .  

This bladder w a s  r e s to red  t o  an ope ra t iona l  s t a t u s  by t h e  re- 
moval of n ine  of 22 o r i g i n a l  p l y s  (41% de le t ed ) .  

The f i l l  c h a r a c t e r i s t i c s  of t h i s  bladder were considerably 
b e t t e r  wi th  only 13 (or 12) p lys  i n  p l a c e  than  wi th  t h e  
o r i g i n a l  22. 

The expulsion c h a r a c t e r i s t i c s  of t h i s  bladder remained very 
good i n  s p i t e  of some damage t o  each p l y .  

The LH2 f l e x  performance of t h i s  material composite w a s  not 
as good as indica ted  by t h e  t e s t i n g  of f l a t  material samples 
i n  Task I. 

The Merfab p l y s  exh ib i t ed  e a r l y  f a i l u r e  and a h igh  degree of 
damage. I t  is not  poss ib l e  t o  e s t a b l i s h  t h a t  t h e  Merfab p l y s  
performed t h e i r  intended func t ion  t o  enhance t h e  opera t ion  o f  
t h e  Mylar p lys .  
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FIGURE 4.18.1 

CONDITION OF PLYS: BLADDER B l O l  

P ly  1: Merfab -- . - .__I__ Ply  2:  - . . . Merfab . - 

-- Ply - 3: Mylar P ly  4: Merfab _. - 

Ply 5: Mylar Ply 6: Mylar 

(contd. 1 
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FIGURE 4 . 1 8 . 1  (contd. ) 

CONDITION OF PLYS: BLADDER 8101 

Ply  7 :  Merfab - 

P l y  9: Mylar 

~. Ply  . 11: . . . Mylar -. 

Ply  8: Mylar - -- -____- .___ 

(10) 30"-120° 

P ly  10: Merfab -- 

Ply  - --_I 12: - Mylar I 

(contd. ) 
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FIGURE 4.18.1 (contd) 

CONDITION OF PLYS: BLADDER BlOl 

P ly  13: Merfab - 

Ply  15: Mylar - - I_ . - . . 

P l y  14: Mylar 
- __ 

P l y  16: Merfab 
._ __ -_ 

P - 9 -  17 :- _-Mylar  P l y  - 18: Mylar 

(contd.  1 
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FIGURE 4.18.1 (contd) 

CONDITION OF PLYS: BLADDER B l O l  
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6.  The i n a b i l i t y  t o  flow H2 (as gas  or l i q u i d )  through a b ladder  
had never been encountered before i n  t e s t i n g  more than  50 
bladders.  It w a s  f i r s t  believed t h a t  t h e  Merfab inne r  p l y s  
were f l u t t e r i n g  up (due t o  tears or the extremely t h i n  gauge) 
and blocking t h e  vent o r i f i c e .  This  w a s  f u r t h e r  ind ica ted  
when P l y s  22 and 21 were found t o  be severe ly  damaged. 
could no t  be a t t r i b u t e d  s o l e l y  t o  the Merfab, however, because 
when t h e  next Mylar p l y  (No.  20) w a s  exposed, t h e  same f i l l  
problem s t i l l  p e r s i s t e d .  It w a s  only a f t e r  P lys  20, 19, and 
18 were removed (again leav ing  a Mylar p l y  exposed) t h a t  t h e  
f i l l  problem w a s  e l imina ted  and d id  not  reoccur.  P ly  17 d id  
no t  i ncu r  t h e  damage i n  t h e  remaining 20 cyc le s  t h a t  P lys  22, 
21, 20, 19, and 18 d i d  i n  only f i v e  cyc les ,  suggesting that  t h e  
vent blockage may have been due t o  causes o the r  than a loose  or 
disp laced  inne r  p ly  being c a r r i e d  i n t o  t h e  vent o r i f ice  by t h e  
comparatively h igh  v e l o c i t y  vent flow. 

This  

7 .  The problem mentioned i n  I t e m  6 could have been due t o  LH2 perme- 
a t i o n  and t h e  e x c e l l e n t  i n s u l a t i o n  q u a l i t i e s  of t h e  22-ply bladder,  
If i n t e r p l y  i n f l a t i o n  of .26 inch occurred wi th in  a l l  i n t e r s t i a l  
spaces of t h e  22 p l y  bladder, t h e  dewar would have been e n t i r e l y  
f i l l e d  by t h e  bladder alone. The i n s u l a t i v e  e f f e c t s  of a bladder 
expanded i n  such a manner would make it extremely d i f f i c u l t  t o  
cool  a l l  p l y s  t o  LH2 temperature (which would e s s e n t i a l l y  e l i m i -  
n a t e  a l l  i n t e r p l y  i n f l a t i o n  as long as t h e  cryogenic temperature 
were maintained).  

I n t e r p l y  i n f l a t i o n  w a s  undoubtedly p re sen t  dur ing  t h e  f i r s t  f i v e  
cyc le s  t o  an ex ten t  s u f f i c i e n t  t o  reduce t h e  i n t e r n a l  volume of 
t h e  bladder, r e s u l t i n g  i n  a f i l l  of less than 12  liters. I n t e r p l y  
i n f l a t i o n  may have been s u f f i c i e n t ,  a f t e r  r e - i n s t a l l a t i o n  of B l O l  
f o r  Cycle 6, t o  br ing  about t h e  phenomena shown i n  Figure 4 ,19 .  
Such a cond i t ion  could develop i n  t h e  fo l lowing  manner. The inner  
p l y s  are expanded s u f f i c i e n t l y  t o  allow an i n i t i a l  flow of f l u i d  
from t h e  ho le s  near  t h e  bottom of t h e  withdrawal tube, through 
t h e  i n s i d e  of t h e  bladder and t o  the vent o r i f i c e  between the 
stem bore and t h e  withdrawal tube.  It is  believed t h a t  f l u i d  
(gas or l i q u i d )  permeation through t h e  bladder p l y s  inc reases  
as t h e  p l y s  are cooled by t h e  f l u i d  flow. An eve r  i nc reas ing  
mass of H2 ( f i r s t  as co ld  gas, and even tua l ly  as l i q u i d )  pene- 
trates i n t o  t h e  inne r  series of i n t e r s t i a l  spaces. A s  t h e  f l u i d  
p e n e t r a t e s  deeper (or moves l a t e r a l l y  between p lys)  it encounters 
w a r m e r  i n t e r s t i a l  gas and f l a s h e s  t o  gas, which rises t o  t h e  upper 
reg ions  of t h e  p a r t i c u l a r  i n t e r s t i a l  spaces.  
vapor iza t ion  process  cont inues  u n t i l  i t  r e s u l t s  i n  t h e  p l y  a t t i t u d e  
shown i n  Figure 4.19.  

Th i s  permeation/ 
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BLADDER INTERPLY INFLATION PHENOMENA 

1- Dewar 

Bladder r 
I 

Stem Assembly 

1 
II I n f l a t e d  
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Bladder B l O l  (Merf ab/Mylar) 

The success ive  i n t e r s t i a l  spaces  conta in  more comparatively 
warm gas  than  can be cooled by t h e  l imi t ed  l i q u i d  mass. The 
gas  i n f l a t i n g  (inwardly) t h e  top  of t h e  bladder  i s  insu la t ed  
from t h e  cold vent gas  by t h e  inner-most p l y s  of t h e  bladder .  
The p res su re  i n s i d e  of t h e  bladder  inc reases  and t h e  flow of 
cold f l u i d  is a r r e s t ed .  The pressure  f i n a l l y  f o r c e s  t h e  inner- 
most p lys  i n t o  t h e  vent o r i f i c e ,  and i t  i s  blocked o f f .  An 
increase  i n  f i l l  p ressure  only serves  t o  perpe tua te  t h e  cyc le ;  
excessive f i l l  p ressure  r e s u l t s  i n  r a i s i n g  of t h e  glass s topper  
or, i f  t h e  s topper  is  frozen i n t o  pos i t ion ,  t h e  pressure  upon 
the dewar becomes p roh ib i t i ve .  Pressure  i n s i d e  t h e  bladder  
can then  be re l ieved  only through t h e  withdrawal tube.  The 
pressure  wi th in  t h e  var ious  i n t e r s t i a l  spaces  can be reduced 
only by gas  permeation through t h e  successive p lys .  

The preceding phenomena w a s  a t t r i b u t e d  t o  t h e  exce l l en t  insu l -  
a t i v e  q u a l i t i e s  of 22 p l y s  i n  a s ta te  of thermal i s o l a t i o n  due 
t o  i n t e r p l y  i n f l a t i o n .  
t o  pene t r a t e  t h e  thermal b a r r i e r  and cooldown (or condense) t h e  
l a r g e  i n t e r s t i a l  volume. However, t h e  ingu la t ive  q u a l i t y  and 
i n t e r s t i a l  volume of t h e  13 p l y  bladder  were reduced t o  a l e v e l  
where t h e  cold f l u i d  could achieve a cooldown t o  LHz tempera- 
t u r e  * 

This  bladder  w a s  very d i f f i c u l t  t o  i n s t a l l  i n t o  (and remove 
from) t h e  test  dewar. 

The mass of t h e  cool  H2 w a s  i n s u f f i c i e n t  

8. 
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4-5.2.2 Bladder B102 (Merfab/Mylar) 

a I n i t i a l  Condition 

Bladder B102 d id  not e x h i b i t  any leakage d e t e c t a b l e  by b u r e t t e  i n  mor than  
10 minutes during acceptance t e s t i n g  a t  SSS and a t  Beech. 
diameter  of t h e  bladder  (11.45 inches) w a s  w e l l  wi th in  to le rance .  The 
bladder  exhib i ted  exce l l en t  workmanship. 

The s p h e r i c a l  

A s  prev'iously s t a t e d ,  an extra Mylar ply w a s  added t o  t h e  ou t s ide  of  the 
bladder t o  minimize t h e  f r i c t i o n  with t h e  g l a s s  test dewar. The add i t iona l  
ply w a s  considered t o  be a s u b s t r a t e  ply and w i l l  be r e fe r r ed  t o  a s  Ply A 
i n  t h e  following desc r ip t ion .  

b. LH2 Expulsion Tes t ing  

Bladder B102 presented problems'of i n s t a l l a t i o n  i n t o  the g l a s s  tes t  dewar 
approaching those  experienced with B101. 
improvement over the Merfab o u t e r  ply of B101. 
served t o  f a c i l i t a t e  the i n s t a l l a t i o n  of B102 i n t o  the  dewar. 

The Mylar ou te r  ply presented an 
Repet i t ion  and p r a c t i c e  a l s o  

Cyc le s  1 through 5: 

P i l l :  70 t o  90% and very slow 
Expulsion: 9% 
Permeabili ty a f t e r  Cycle 5: 10 cc  pe r  minute ( a l so  see Figure 4.20) 

The bladder w a s  very slow t o  f i l l ,  a s  i f  a normal flow r a t e  w a s  not 
achieved. On s e v e r a l  cycles,  LH2 f i l l  was f a c i l i t a t e d  by cool ing 
t h e  ou t s ide  of t h e  bladder w i t h  LH2 t o  condense the gases causing 
the in t e rp ly  i n f l a t i o n .  Expulsion performance was very good. 

Advanced i n t e r p l y  i n f l a t i o n  w a s  noticed when bladder w a s  pul led up 
i n  dewar so  as t o  permit disconnect ion f o r  ambient temperature 
permeabi l i ty  tes t .  

I 
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Bladder B102 (Merf ab/Mylar) 

Cycle 6 :  

F i l l :  Stopper l i f t e d  at s tandard s to rage  dewar p re s su re  of 12 ps i ,  
though i n s i d e  bladder  pressure  gauge ind ica ted  zero.  This  
ind ica ted  t h a t  vent o r i f i c e  w a s  being r e s t r i c t e d .  I t  w a s  
poss ib l e  t o  reseal s topper  and 90% f i l l  w a s  achieved i n  
approximately 1/22 hour a t  reduced pressure .  

t o  expel1  f u r t h e r .  Ins ide  bladder  pressure  ind ica t ion  
taken a t  vent l i n e  w a s  zero, i n d i c a t i n g  vent  o r i f i c e  re- 
s t r i c t i o n  by inne r  p ly  of bladder.  A l l  a t tempts  t o  expel  
i n  normal manner were of no a v a i l .  Accomplished reverse  
expuls ion cyc le  (back t o  s to rage  dewar a t  0 p s i )  of 99% 
expulsion, i nd ica t ing  tha t  ho les  at bot'tom o f  withdrawal 
tube w e r e  not  then closed off by bladder.  

Expulsion: Rapid expuls ion t o  30% bladder  co l lapse ,  then unable 

Cycle 7: 

F i l l :  90% i n  normal manner 
Expulsion: Attempted normal ( t o  vent) expulsion: s l o w  expuls ion 

rate of 50%, then unable t o  expel  f u r t h e r ,  This  suggested 
vent o r i f i c e  blockage or i n t e r p l y  i n f l a t i o n  reduced the  in- 
t e r n a l  volume of t h e  bladder.  

Cycles 8 and 9: 

F i l l :  90% and 80% i n  normal manner 
Expulsion: I n i t i a l  a t tempts  t o  expel  i n  e i t h e r  d i r e c t i o n  ( t o  vent 

or t o  s to rage  dewar) were unsuccessful  f o r  both cyc les .  A l l  
pos s ib l e  measures were without success.  Addit ional  LH2 f i l l  
w a s  attempted as las t  resort t o  break f l u i d  Flow 
i n t o  bladder  w a s  f i n a l l y  achieved and reverse  expuls ion of 
95% w a s  then poss ib le .  The a d d i t i o n a l  f i l l  had ev iden t ly  
moved t h e  bladder  p lys  away from t h e  holes  i n  the .wi th-  
drawal tube and f u r t h e r  c losu re  d id  not occur during t h e  
reverse expuls ion.  

1 P  lock  up". 

Cycle 10: 

. F i l l :  80% 
Expulsion: 30% expuls ion on i n i t i a l  t r y  a t  reverse  expulsion, then 

unable t o  expel  any f u r t h e r .  l a d e  add i t iona l  f i l l  of LH2 
and was then  ab le  t o  slowly expel  i n  reverse d i r e c t i o n  t o  
95% expuls ion.  
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Cycles 11 and 12: 

F i l l :  50 and 80% 
Expulsion: 98% i n  normal ( to  vent)  d i r e c t i o n  
Permeabili ty a f t e r  Cycle 12: 11.2 cc p e r  minute 

Poor f i l l  w a s  a t t r i b u t e d  t o  r e s t r i c t e d  f l o w  through bladder.  There 
w a s  no change i n  expulsion procedures from previous cyc le s  t o  pro- 
duce such d r a s t i c a l l y  d i f f e r e n t  expulsion performance. Vent o r i f i c e  
blockage w a s  ev iden t ly  eliminated by unknown reduct ion  i n  i n t e r p l y  
i n f l a t i o n ,  by self-removal of t h e  r e s t r i c t i n g  p l y s  or by rupture  of 
t h e  r e s t r i c t i n g  p l y s .  
but v i s u a l  examination through t h e  bore of t h e  s t e m  assembly a f t e r  
Cycle 12 d id  not  r evea l  any d i s c e r n i b l e  damage t o  t h e  inner  p lys .  

V e r i f i c a t i o n  of any of t h e s e  w a s  not  poss ib le ,  

C y c l e  13 : 

F i l l :  95% - very slow f i l l  preceded by tendency of s topper  t o  

Expulsion: 45% expulsion i n  normal ( t o  vent)  d i r ec t ion ,  then  t o  
r e l i e v e  p re s su re  i n  dewar  

98% by r eve r se  expulsion back to s to rage  dewar. 

Cycles 14, 15, and 16: 

F i l l :  95% - very slow f i l l  
Expulsion: 98% expulsion a t  varying flow rates. Cycle 14 w a s  ex- 

pe l l ed  i n  both  d i r e c t i o n s  ( t o  vent and back t o  s to rage  dewar) 
simultaneously at a flow rate of 4.5 l i ters pe r  minute. The 
vent manometer ind ica ted  t h a t  expulsion t o  t h e  vent w a s  up 
t o  40% of the to t a l .  Cycle 15 w a s  expelled i n  t h e  reverse  
d i r e c t i o n  and Cycle 16 w a s  expelled t o  vent wi th  decreas ing  
f l o w  rates. 

C y c l e  17: 

F i l l :  95% at good f i l l  rate 
Expulsion: 30% maximum expulsion i n  normal manner. Unable t o  expel  

a d d i t i o n a l  amount by r eve r se  expulsion. New p re s su re  gage 
tapped i n t o  f i l l  l i n e  at plumbing riser read zero, i n d i c a t i n g  
t h a t  ho le s  i n  withdrawal tubes  could be closed over by inne r  
PlYS 0 

. .  . .  
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Cycle 18: 

P i l l :  95% 
Expulsion: I n i t i a l l y  unable t o  achieve any expuls ion  by normal or 

reverse manner or combination of t h e  two. Prolonged appli- 
c a t i o n  of p re s su ran t  r e s u l t e d  i n  5% expulsion, but f u r t h e r  
expulsion w a s  impossible. Examination under a s t r o n g  l i g h t  
showed t h a t  o u t e r  p l y s  were only 5% collapsed, while i nne r  
p l y s  were co l lapsed  t o  95%0 Therefore, 95% expuls ion  had 
been a t t a i n e d  over a prolonged per iod  of t i m e .  The observed 
cond i t ion  could r e s u l t  from ex t r ao rd ina ry  i n t e r p l y  i n l a t i o n  
i n  one (or seve ra l )  i n t e r s t i a l  space or from f a i l u r e  of those  
o u t e r  p l y s  which were opera t ing  independent of t h e  rest of 
t h e  bladder.  N o  tears were observed i n  t h e  o u t e r  p lys .  

Cycle 19: 

P i l l :  95% 
Expulsion: 93% (by inne r  p lys)  
Permeabi l i ty  af ter  Cycle 19: 1 2  cc p e r  minute 

Three of t h e  o u t e r  p l y s  acted independently of t h e  rest of t h e  
bladder dur ing  t h i s  cyc le .  P ly  A (Mylar) exh ib i t ed  major f a i l u r e .  

P lys  1 through 5 also were found t o  be fa i led when t h e  bladder was 
removed f o r  ambient temperature leak check. These p l y s  were removed,, 
Visua l  examination through t h e  base of t h e  s t e m  .assembly revealed 
that  t h e  inne r  p l y  had su f fe red  s e r i o u s  
subsequently removed from t h e  i n s i d e  of 

Cycle 20: 

F i l l :  Only p a r t i a l  f i l l  (approximately 
Expulsion: 95% 

damage, P lys  22 and 21 were 
t h e  bladder.  

50%) i n  one hour, . 

Permeabi l i ty  a f t e r  Cycle 20: 9.1 cc p e r  minute 

P ly  6 (Mylar) w a s  severe ly  damaged after Cycle 20 and w a s  deleted.  
Permeabi l i ty  a f te r  r e i n s t a l l a t i o n  i n t o  dewar w a s  7.2 cc p e r  minute. 

Cycles 21  through 25: 

F i l l :  80 t o  90% 
Expulsion: 50%, 60%, 40%, 45%, and 60% 
F i n a l  permeabi l i ty  a f t e r  25 cyc les :  18 cc p e r  minute, 
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The ou t s ide  of t h e  bladder w a s  precooled wi th  LHz f o r  t h e s e  f i v e  
cycles,  r e s u l t i n g  i n  more rap id  f i l l s .  A l l  of t h e  expulsion w a s  
i n  t h e  normal manner ( t o  vent)  and w a s  gene ra l ly  decreas ing  i n  
expulsion percentage and o v e r a l l  performance. P ly  7 exh ib i t ed  
very advanced damage upon removal from t h e  dewar and w a s  de l e t ed .  

C.  Pos t  -Tes t Cond it ion  

Bladder B102 w a s  comprised of P lys  8 through 20 only following com- 
p l e t i o n  of expulsion t e s t i n g .  A v a r i e t y  of subsequent tests w e r e  performed 
on t h i s  po r t ion  of t h e  bladder t o  f u l l y  determine and analyze i t s  pos t - t e s t  
condi t ion .  The f i r s t  of t h e s e  tests w a s  t o  attempt t o  reduce leakage through 
t h e  s t e m ,  i f  any. This  r e s u l t e d  i n  a total  l eak  rate of 60 cc p e r  minute, 
which w a s  acce p t a b 1  e f o r  t h e  following comparative tests. 

The bladder w a s  permeabi l i ty  t e s t e d  i n  t h e  b e l l  j a r  a f t e r  each succeeding 
ou te r  Mylar p l y  w a s  removed (a Merfab p l y  w a s  removed toge the r  wi th  t h e  
succeeding Mylar p l y ) .  This  r e su l t ed  i n  a curve p resen t ing  t h e  inc rease  
i n  permeabi l i ty  fo r  t h e  decrease i n  t h e  number of p l y s  as shown i n  Figure 
4 , 2 I ,  The inc rease  i n  permeabi l i ty  w a s  q u i t e  o rde r ly  u n t i l  t h e  permeabi l i ty  
of P ly  18 ( the  l as t  i n t a c t  ply-) Tncreased sharp ly  t o  16,800 cc p e r  minute, 
It should be noted t h a t  P ly  18 5s shown i n  Figure 4,21 as t h e  f i f t h  p l y  
(of t h e  o r i g i n a l  22 p lys)  remaining on t h e  bladder.  Due t o  t h e  transparency 
of t h e  plys ,  it w a s  poss ib l e  t o  t e l l  i n  advance when t h e  las t  i n t a c t  p l y  w a s  
being approached. 
water (1 p s i )  except t h a t  t h e  p re s su re  was reduced f o r  P lys  17 and 18 t o  
produce cons i s t en t  resu l t s .  P lys  17 and 18 w e r e  t e s t e d  a t  24 inches and 
16 inches of water respec t ive ly ,  wi th  t h e  r e su l t  t h a t  P ly  18 w a s  s t r e s s e d  
t o  11,000 p s i ,  o r  approximately 85% of a t e n s i l e  y i e l d  va lue  of 1 3 , O O  p s i .  
P ly  18 w a s  la ter  pressur ized  t o  28 inches of water ( r e s u l t i n g  i n  a u n i t  
stress of approximately 19,000 p s i )  without f a i l u r e ,  though t h e  l e a k  rate 
w a s  beyond t h e  capac i ty  of the w e t  test meter. 

The bladder w a s  p ressur ized  w i t h  helium t o  28 inches of 

The condi t ion  of a l l  p l y s  wi th  v i s i b l e  damage w a s  c a r e f u l l y  diagramed upon 
removal as r e f l e c t e d  by Figure 4,22 (3 pages). 
( P l y s  8, 9, 11, 12, 14, 17 and 18) were without any d e t e c t a b l e  tears or 
ho les  and are not  shown i n  t h e  f igu re .  Th i s  condi t ion  of t h e  Mylar p l y s  
is c o n s i s t e n t  wi th  t h e  very l o w  permeabi l i ty  of t h e  bladder.  The Merfab 
p l y s  w e r e  i n  a state of very advanced f a i l u r e ,  being p r a c t i c a l l y  in."ribbons.  
A s  i n  t h e  case of B101, t h e  tears i n  t h e  Merfab were p a r a l l e l  t o  the f i l amen t s  
(see Figure 4.18.2). 

Many of t h e  Mylar p l y s  

I f  

The state of d i s a r r a y  of t h e  inner  Merfab p l y s  is demonstrated by t h e  fo l lowing  
i t e m  of i n t e r e s t .  The d i s e c t i o n  revealed t h a t  P ly  19 had been inadve r t en t ly  
removed after Cycle 19, i n s t ead  of 21, as thought. P ly  21  w a s  found i n  t h r e e  
loose  p i eces  i n s i d e  P ly  20. 
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FIGURE 4.21 

PERMEABILITY VS. NUMl3ER OF PLYS: BLADDER B102 
(MERFAB/MYLAR) 
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4-70 



FIGURE 4.22 

CONDITION OF PLYS: BLADDER B102 

Ply  A: Mylar I_-_-..-- 

(12) 45'-150' 

3 

Plv  2: Merfab 

Ply 1: Merfab _ _  __ __I. . 

Ply 5: Xylar 
. -- Ply 4: Merfab 

- 

, 
(contd. ) 
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FIGURE 4.22 (contd.) 

CONDITION OF PLYS: BLADDER B102 

(16-20) 60"-165' 

Ply 6: Mylar 
-I_... - Ply  7 :  Merfab . - --I-- I 

(contd . 
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Ply 10: Merfab - I - __ 

-.- Ply - 15: Myla r  P ly  16: . Merfab 

-16) 60"-150" 

P ly  13: Merfab . - - __ - - - 
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FIGURE 4 . 2 2  . (contd, ) 

CONDITION OF PLUS: BLADDER B102 

P l y  19: Merfab 

P l y  21: Merfab 

Ply  20: Mylar - 

f7 120°-165" 

P l y  22:  Merfab 
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A l as t  tes t  w a s  performed t o  determine which of t w o  areas had su f fe red  t h e  
g r e a t e s t  wear: t h e  area at t h e  s t e m  seal, or t h a t  at t h e  (lower) p o l a r  cap, 
4 x 11 inch samples were cut  from b a r r i e r  p l y s  as shown i n  Figure 4.23, and 
i d e n t i f i e d  as " s t e m  area" or These were t e s t e d  under 
helium p res su re  at 28 inches  of water i n  t h e  f l a t  sample permeabi l i ty  test  
apparatus  descr ibed i n  Sec t ion  3.0. The test  resu l t s  from t h r e e  p l y s  of 
Bladder B102 were as fol lows:  

I t  po la r  area" samples. 

P ly  N o .  

8 

12 

17 

Leakage i n  cc p e r  Minute 

Stem Area Po la r  A r e a  

60 .2 

50 

2.4 

6.2 

24 

The above d a t a  i n d i c a t e s  t h a t  t he  stem area encountered g r e a t e r  wear than 
t h e  cap area. 

d. Summary 

1. 

2. 

3. 

4. 

5. 

Bladder B102 had t h e  lowest permeabi l i ty  rate, by a s i g n i f i c a n t '  
margin, of a l l  t h e  bladders  t e s t e d  i n  t h i s  program. 

This  bladder  showed only a s m a l l  increase  i n  permeabi l i ty  i n  
t h e  course of 25 LH2 expuls ion cyc les .  

The Merfab p l y s  suf fered  even more gross  damage than those  
of B101, while t h e  intermediate  Mylar p lys  remained i n  very 
good cond i t ion. 

The f i l l  and expuls ion c h a r a c t e r i s t i c s  of t h i s  bladder  
d e t e r i o r a t e d  during t h e  course of 25 LH2 expuls ion cycles ,  
and were not appreciably improved by t h e  d e l e t i o n  of e i g h t  
PlYS 0 

Bladder B102 showed a bas i c  f i l l  c h a r a c t e r i s t i c  of r e s t r i c t e d  
f l u i d  f l o w  through t h e  bladder,  r e s u l t i n g  i n  very low f i l l .  
rates. The flow w a s  never t o t a l l y  in t e r rup ted  as f o r  Bladder 
B101. Bladder B102 w a s  o f t e n  very d i f f i c u l t  t o  f i l l  t o  90% 
of i t s  capaci ty ,  or  b e t t e r ,  Precool of t h e  ou t s ide  of t h e  
bladder  with LHz did  not  appear t o  increase t h e  p e r  cent of 
f i l l ,  but  d id  r e s u l t  i n  a h igher  f i l l .  rate after e i g h t  p l y s  
had been removed ., 
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FIGURE 4.23 

RECTANGULAR PEIWLEABILITY SAMPLES FROM BLADDER PLYS 

,-- Stem A r e a  Sample 
\ 

‘. 
I 

x. 

\ 
‘, 

\ 
\ 

\ 

,,/ - ’ Polar Cap ( R e f . )  
/’ 

Polar Area Sample ,/” 
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6. 

(Merf ab/Mylar) 

The above f i l l  behavior can be a t t r i b u t e d  t o  vent o r i f i c e  
r e s t r i c t i o n  due t o  loose p ieces  of t h e  t h i n  f i lm 'o r  due t o  
i n t e r p l y  i n f l a t i o n  and also t o  i n t e r n a l  volume reduct ion  due 
t o  i n t e r p l y  i n f l a t i o n .  The f i l l  problems are bel ieved t o  
ar ise  from a combination (or varying combination) of t h e  pre- 
ceeding f a c t o r s .  

The predominate expuls ion problem with Bladder B102 w a s  t h e  
va r i ab le  i n a b i l i t y  t o  expel1 i n  one or t h e  o t h e r  or both 
d i r e c t i o n s  ( t o  vent or back t o  t h e  s to rage  dewar); This  
behavior i s  p a r t i a l l y  a t t r i b u t e d  t o  vent  o r i f i c e  blockage 
and f i l l  tube blockage due t o  loose  p ieces  of t h e  inner  p l y s  
and due t o  i n t e r p l y  i n f l a t i o n ,  This  f a c t o r  probably worked 
i n  combination wi th  t h e  excessive i n t e r p l y  i n f l a t i o n  phenomena 
descr ibed i n  Paragraph 4.5.1.1, d, 7. However, t o t a l  immobility 
of t h e  bladder  w a s  only temporary, s ince  it w a s  f i n a l l y  poss ib l e  
t o  overcome t h e  opera t iona l  deadlock by flowing add i t iona l  f l u i d  
i n t o  t h e  bladder ,  The blockage of t h e  vent o r i f i c e  or t h e  " f i l l  
holes' '  i n  t h e  withdrawal tube is  p a r t i a l l y  a t t r i b u t e d  t o  loose 
p l y s  r a t h e r  than  s o l e l y  t o  i n t e r p l y  i n f l a t i o n  because one or 
t h e  o the r  blockage could eventua l ly  be cleared, It is  bel ieved 
t h a t  even a p a r t i a l  expuls ion i n  one d i r e c t i o n  served to  clear 
t h e  blockage i n  t h e  o the r  d i r e c t i o n ,  

4.'5.2.3 T e s t  Conclusions, Bs15108 Type 1 B l a d d e r s  

The comprehensive t e s t i n g  of Bladder B l O l  and B102 l ed  t o  t h e  fol lowing con- 
c lus ions :  

a. The o v e r a l l  expuls ion c h a r a c t e r i s t i c s  of t h i s  22 p l y  Merfab/Mylar 
material composite w e r e  s u b s t a n t i a l l y  less than  an t i c ipa t ed  fo l -  
lowing t h e  t e s t i n g  of Task I f l a t  samples. The material composite 
d id  demonstrate a p o t e n t i a l  f o r  l o w  permeabi l i ty .  

The Merfab s u b s t r a t e  p lys  f a i l e d  t o  withstand LH2 cyc l ing  and sus- 
t a ined  damage ranging from advanced. f a i l u r e  to. massive f a i l u r e .  
I t  i s  not  e s t ab l i shed  t h a t  t h e  Merfab p lys  performed t h e i r  in- 
tended func t ion  of enhancing t h e  opera t ion  of t h e  b a r r i e r . p l y s ,  

b. 

.. 
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c. Bladder B l O l  had predominate f i l l  problems while I3102 demon- 
s t r a t e d  both f i l l  and expuls ion problems, even though t h e  problems 
are a t t r i b u t e d  t o  t h e  same f a c t o r s  (or combination thereof ) .  These 
f a c t o r s  are vent and/or f i l l  l i n e  blockage due t o  loose p lys  or due 
t o  i n t e r p l y  i n f l a t i o n .  Advanced cases of i n t e r p l y  i n f l a t i o n  can be 
induced by multi-ply polymeric bladders  which present  good thermal 
i n s u l a t i o n  but  permit some f l u i d  permeation a t  cryogenic temperatures.  

d .  Bladder B l O l  exhib i ted  good opera t ing  c h a r a c t e r i s t i c s  as a 13 (or 12) 
p l y  bladder,  suggest ing t h a t  t h e  optimum number of p l y s  is nea re r  t o  
13 or 12 than 22. The d e l e t i o n  of 8 p l y s  d id  not f a c i l i t a t e  t h e  
opera t ion  of B102. 

e.  The problems presented by these  bladders  were not due t o  workmanship 
or bladder  design, but  due t o  t h e  22 p ly  material composite involved. 
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4.5.3 B515753  Type 1 Bladders (Figure 4.24) 

Units :  B201 and B202 
Material category: 
Material composite: See Figure 3.43 
Subcontractor:  G.  T. Schje ldahl  Company 

Nomex/M y 1 ar 

Appearance: 

These two bladders  presented an i d e n t i c a l  appearance. The e x t e r i o r  Nomex p l y s  
presented an off-white, s l i g h t l y  f ibe rous  appearance and were opaque. The 
comparatively heavy material r e su l t ed  i n  a chordal  e f f e c t ,  r a t h e r  than a t rue  
sphere.  The t h r e e  Nomex p l y s  gave t h e  bladder  a f e e l  of considerable  r i g i d i t y .  

4.5.3.1 Bladder B201 

Bladder B201 w a s  t he  first bladder  received and t e s t e d  under t h i s  program. 

a. I n i t i a l  Condition 

Bladder B201 w a s  e n t i r e l y  wi th in  s p e c i f i c a t i o n  when received a t  Beech and 
exhib i ted  no leakage de tec t ab le  by t h e  b u r e t t e  method wi th in  10 minutes. 
The bladder  r e f l e c t e d  excellent workmanship. 

Following acceptance, addi t iona l  permeabi l i ty  t e s t i n g  w a s  performed on Bladder 
B201 f o r  longer  per iods  of t i m e  t o  determine t h e  exact inf luence  of back pres- 
su re  on t h e  b u r e t t e  readings. '  This  test e s t ab l i shed  t h a t  t h e  l eak  i n  B201 w a s  
less than  1 cc p e r  minute, but  s t e m  seal  r e p a i r  w a s  undertaken as descr ibed i n  
Paragraph 4.2.2,  Fabr ica t ion  by G. T. Schje ldahl  Company. The leakage o f  t h e  
bladder  w a s  reduced t o  . 2  cc p e r  minute i n  t h e  cour se -o f  t h e  r e p a i r .  

b o  LH Expulsion Tes t ing  - 
Bladder B201 presented some d i f f i c u l t i e s  of i n s t a l l a t i o n  i n t o  t h e  test  dewar, 
due t o  t h e  bulk and r i g i d i t y  of t h e  t h r e e  Nomex p l y s  and due t o  considerable  
i n t e r p l y  i n f l a t i o n  which had accumulated 'during permeabi l i ty  t e s t i n g .  
development of i n s t a l l a t i o n  procedures w a s  i n i t i a t e d  t o  min imize  t hese  problems. 

The 

Cycle 1: 

F i l l :  95% 
Expulsion: 95% 

This  bladder  exhib i ted  very good f i l l  and expuls ion behavior.  The MS 
helium d e t e c t o r  went of f - sca le  at t h e  completion of expulsion. Ad? 
d i t i o n a l  expuls ion cyc les  later showed t h i s  t o  be a normal occurrence 
and not necessa r i ly  an ind ica t ion  of sudden bladder  f a i l u r e .  
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Cycles 2 through 5: 

F i l l :  95 t o  98% 
Expulsion: 95% 
Permeabi l i ty  a f t e r  Cycle 5: 500 cc p e r  minute 

The bladder  f i l l e d  r e a d i l y  and expuls ion w a s  comparatively e f f o r t l e s s  
(13 t o  20 liters p e r  minute). The bladder  w a s  q u i t e  e a s i l y  removed 
from t h e  dewar f o r  permeabi l i ty  t e s t i n g .  

The leak rate of 500 cc pe r  minute w a s  considered q u i t e  high, even 
though t h e  expuls ion c a p a b i l i t i e s  of t h e  bladder  were not impaired. 
Inves t iga t ion  revealed t h a t  t h e  leakage w a s  from f i v e  major cracks 
through t h e  adhesive s e a l i n g  t h e  bladder  t o  t h e  f l ange  of t h e  s t e m .  
This  adhesive f a i l u r e  r e su l t ed  from thermal shock encountered i n  
cyc l ing  @om ambient temperature t o  -423'F. 
i n g  an adequate seal  and t h i s  thermal f a i l u r e  removed any hopes of 
s a t i s f a e t c j r i l y  r e p a i r i n g  t h i s  bladder  a t  Beech by t h e  use  of po lyes t e r  
adhesives.  Attempts w e r e  then made t o  salvage t h i s  bladder  f o r  ad- 
d i t i o n a l  cryogenic t e s t i n g  by us ing  a s u i t a b l e  epoxy a t  t h e  stem seal. 
However, adequate r e p a i r  w a s  not  achieved and t h e  bladder  could not be 
r e s to red  t o  a condi t ion  adequate f o r  add i t iona l  expuls ion t e s t i n g .  

Pas t  problems i n  a f f ec t -  

A method of producing po lyes t e r  adhesive seals s u i t a b l e  fo r  use  a t  
LHz temperature w a s  subsequently developed. 

c . .  Post-Test Condition 

Only P ly  1 ( the  ou te r  Nomex ply)  of bladder  B201 exhib i ted  any damage (o the r  
than t h e  expected wear) when t h e  bladder w a s  d i sec t ed  f o r  examination. P ly  
1 had a .3 inch long tear (on a v e r t i c a l  g r e a t  circle) ad jacent  t o  t h e  s t e m  
as,sembly. 
proximately .25 inch deep, or halfway through t h e  seam) f o r  a s h o r t  d i s -  
tance adjacent  t o  t h e  stem assembly. 

Two of t h e  l a p  seams i n  t h e  Nomex revealed p a r t i a l  pee l ing  (ap- 

Rectangular samples were cu t  from var ious  b a r r i e r  (Mylar) p l y s  i n  a manner 
p e r  Figure 4.23. The r e s u l t s  of t h e  subsequent permeabi l i ty  tests on these  
samples were as follows: 
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Bladder B102 (Merf ab/Pdylar) 

Leakage i n  cc p e r  Minute 

P ly  No.  Stem Area Po la r  Area 

2 .os 0 

6 .os .6 

10 426 468 

11 0 4.8 

The preceding t a b u l a t i o n  i n d i c a t e s  t h a t  t h e  p o l a r  cap area of t h e  var ious  
Mylar p l y s  suf fered  s l i g h t l y  more wear than  t h e  s t e m  area.due t o  i n s t a l -  
l a t i o n  of t h e  bladder  i n t o  t h e  dewar. 

d. Summary 

The f i v e  LH expuls ion cyc le s  on bladder  B201 revealed good f i l l  and ex- 
pu ls ion  c h a r a c t e r i s t i c s .  The sharp increase  i n  l eak  rates w a s  a t t r i b u t e d  
t o  s t e m  seal f a i l u r e  and not  t o  permeation through t h e  bladder  material. 

2 
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4 e 5.3 2 Bladder B202 

a. I n i t i a l  Condition 

Bladder B202 w a s  w i th in  s p e c i f i c a t i o n  f o r  a l l  requirements,  except leak  
rate, during rece iv ing  inspec t ion  a t  Beech and l eak  rate w a s  2 . 6  cc pe r  
minute. This w a s  a t t r i b u t e d  t o  i n e f f e c t i v e  s e a l i n g  of t h e  po lyes t e r  adhesive 
i n  t h e  s t e m  seal area. Th i s  w a s  one of the f a c t o r s  included i n  the s t e m  
eva lua t ion  descr ibed i n  Paragraph 4.4.2,  Fabr ica t ion  by G. T. Schje ldahl  
Company, which r e su l t ed  i n  t h e  rework. of t h e  s t e m  s e a l s  .on bladders  B202, 
B203,  and B204. Theregore, Bladdkr B202'was returned t o  Schjeldahl  for 
rework p r i o r  t o  any expulsion t e s t i n g .  

The reworked Bladder B202 w a s  e n t i r e l y  wi th in  s p e c i f i c a t i o n  and was accepted 
upon its second r e c e i p t  a t  Beech. This  bladder exhibi ted very good workman- 
s h i p  * 

b. HI2 Expulsion Test ing 

I t  was q u i t e  d i f f i c u l t  t o  i n s t a l l  t h i s  bladder  i n  t he  tes t  dewar, due t o  
i t s  bulk and r i d i g i t y .  The impression w a s  gained t h a t  t he  Nomex plys  might 
not be nested i n  t h e  most order ly  manner. 

Cyc le s  1 through 5: 

F i l l :  No  more than 50% 
Expulsion: 98%, except 80% f o r  Cyc le  5 
Permeabili ty a f t e r  Cycle 5: 10 cc per  minute ( a l so  see  Figure 4.25) 

I t  w a s  soon apparent tha t  t h i s  bladder  was accept ing only a p a r t i a l  
f i l l .  Ind ica t ions  by t h e  vent manometer and vent l i n e  wet t ing a l s o  
co r re l a t ed  t o  a 50% f i l l .  The in s ide  of the bladder was intermit-  
t e n t l y  or cont inua l ly  kept under a back pressure  during f i l l  t o  
expand the inne r  p lys  of t h e  bladder.  T h i s  procedure d i d  not r e s u l t  
i n  any apprec iab le  increase i n  f i l l  volume, This f i l l  problem was 
a t t r i b u t e d  t o  a reduct ion i n  i n t e r n a l  volume due t o  in t e rp ly  in- 
f l a t i o n  or due t o  improper nes t ing  of the plys .  

Ply 1 (ou te r  Nomex ply)  had 5 p a r a l l e l  tears (on v e r t i c a l  g r e a t  circles) 
from .25 t o  .6 inch long adjacent  t o  t h e  s t e m  assembly a f t e r  t he  5 
cyc les .  Bladder removal f o r  permeabili ty t e s t i n g  revealed t h a t  Ply 1 
was opera t ing  independently o f  the o t h e r  p lys .  The o t h e r  p lys  could 
be f e l t  p a r t i a l l y  11 knotted up" wi th in  Ply 1. 
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FIGURE 4 .25  

PEFtMEABILITY PROFILE OF BLADDER B 2 0 2  
(NOIVEX/MYLAR) 

LH2 E x p u l s i o n  C y c l e s  
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B 1 adde r B202 (Nomex/My 1 ar ) 

The bladder w a s  q u i t e  d i f f i c u l t  t o  remove from t h e  dewar and w a s  very 
d i f f i c u l t  t o  r e - i n s t a l l .  The i n s t a l l a t i o n  procedure described i n  
Paragraph 4.4.3 w a s  developed t o  f a c i l i t a t e  t h e  i n s t a l l a t i o n  of 
t h i s  bladder.  

C y c l e s  6 thr'ough 10: 

F i l l :  30 t o  40% 
Expulsion: 85%, 55%, 15%, 35%, and 15% 
Permeabi l i ty  a f t e r  Cycle 10: 38 cc pe r  minute 

F i l l  c h a r a c t e r i s t i c s  'and behavior were as descr ibed f o r  Cyc le  1 through 
5, except t h a t  a lesser f i l l  w a s  r ea l i zed .  The expulsion percentage 
f e l l  off  d r a s t i c a l l y  a f t e r  C y c l e  6, though t h e  same expulsion pressure  
and c o n t r o l l e r  s e t t i n g s  were employed. The expulsion percents  given 
represent  t h e  percents  pf co l lapse  of t he  opaque ou te r  p l y  which w a s  
m o s t  l i k e l y  a c t i n g  independently of t he  rest of t h e  bladder.  The 
inner  p lys  were probably co l laps ing  f u r t h e r ,  which would present  t he  
t r u e  but unknown percent  of expulsion. This condi t ion made it es- 
s e n t i a l  t h a t  Ply 1, though s t i l l  e f f e c t i v e  as an abrasion sh ie ld ,  be 
removed a t  the  time of t h e  next permeabi l i ty  test .  

Ply 1 had e i g h t  tears (of t he  na ture  previously descr ibed)  from .3 t o  
.6 inch long when the  bladder w a s  removed f o r  permeabi l i ty  t e s t i n g .  
Ply 1 w a s  then de le t ed ,  and a l l  of t h e  remaining p lys  appeared t o  be 
more c lose ly  nested. A permeabi l i ty  test  a f t e r  r e - i n s t a l l a t i o n  i n  the  
dewar produced a reading of 264 cc p e r  minute. The increase  i n  perme- 
a b i l i t y  could not be explained. 

C y c l e s  11 through 18: 

F i l l :  70%, 60%, 50%, 3576, 40%, lo%, 20%, and 40% 
Expulsion: 85 t o  95%, except 80% f o r  C y c l e  14 
Permeabi l i ty  a f t e r  Cyc le  18: 414 cc per minute 

The f i l l  performance of t h i s  bladder continued t o  d e t e r i o r a t e ,  d e s p i t e  
precool ing on t h e  ou t s ide  of t h e  bladder with LH2. 
t o  reduce t h e  i n t e r p l y  i n f l a t i o n  ( i f  any) by condensing t h e  i n t e r s t i a l  
gases.  This  again suggested t h a t  t he  bladder p l y s  were not properly 
n e s t e d .  Another p o s s i b i l i t y  w a s  t h a t  t h e  Nomex p lys  were too  s t i f f  t o  
expand f u l l y ;  though they were s u f f i c i e n t l y  f l e x i b l e  a t  cryogenic temper- 
a t u r e s  t o  co l l apse  t o  85 t o  95% on t h e  expulsion cycle. 
pressure  appl ied a t  expulsion w a s  twice t h a t  which could be applied t o  
the  in s ide  of t h e  bladder during f i l l .  

This  measure f a i l e d  

However, t h e  
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Bladder B202 (Nomex/Mylar) 

Cycles 19 through 25: 

F i l l :  15%, 25%, 25%, 45%, 65%, 60%, and 65% 
Expulsion: 95% except 90% f o r  Cycle 20 
F i n a l  Permeabi l i ty  a f t e r  25 cyc les :  3300 cc p e r  minute 

The bladder  continued t o  show very poor f i l l  behavior through Cycle 22, 
d e s p i t e  precool ing (on t h e  outs ide)  w i th  LH2. For t h e  last cycle,  t h i s  
precool ing w a s  combined with a s teady  back pressure  i n s i d e  t h e  bladder,  
r e s u l t i n g  i n  b e t t e r ,  but s t i l l  inadequate, f i l l  performance. This  in-  
d i ca t ed  t h a t  t h e  p a r t i a l  f i l l  c h a r a c t e r i s t i c  w a s  due t o  both i n t e r p l y  
i n f l a t i o n  and due t o  bladder  r i g i d i t y  or poor nes t ing  of t h e  p lys .  
The expuls ion a c t i o n  remained very s a t i s f a c t o r y .  

c. Post-Test Condition 

Bladder B202 w a s  permeabi l i ty  t e s t e d  i n  t h e  b e l l  j a r  a f t e r  each succeeding 
ou te r  p l y  w a s  removed. This  provided a curve present ing  t h e  increase i n  
permeabi l i ty  f o r  t he  reduct ion  i n  number of p l y s  as shown i n  Figure 4,26, 
The curve begins with t h e  permeabi l i ty  a f t e r  Ply 1 w a s  removed ( leaving  
12 p l y s  on t h e  bladder)  and ends with t h e  permeabi l i ty  a f t e r  P ly  12 w a s  
removed ( leaving  only one p l y ) .  

Each p l y  w a s  c a r e f u l l y  examined upon i ts  removal from t h e  bladder .  Figure 
4.27 (two pages) shows t h e  condi t ion  of those  p l y s  which exhib i ted  v i s i b l e  
damage. P lys  2, 3, 5, 6, 8 and 9 (all Mylar) had no v i s i b l e  damage and 
are not  shown i n  t h e  f i g u r e .  

It  is bel ieved at var ious  t i m e s  dur ing expuls ion t e s t i n g  t h a t  t h e  p l y s  
o f  t h i s  bladder  were not  nes t ing  properly.  
t o  produce any f a u l t y  or unsymmetrical p l y s  which would con t r ibu te  t o  such 
a, condi t ion .  

Disec t ion  of t h e  bladder  f a i l e d  

d.  Summary 

1. Bladder B202 exhib i ted  a very s e r i o u s  and p r e s i s t e n t  problem 
i n  f i l l i n g  with LH2. 
major reduct ion  i n  t h e  i n t e r n a l  volume of t h e  bladder  due t o  
any or a l l  of t h e  following: 

a )  I n t e r p l y  i n f l a t i o n  
b) 
c) 

This  def ic iency  w a s  a t t r i b u t e d  t o  a 

Improper nes t ing  of t h e  p l y s  
R ig id i ty  of t h e  bladder  material; e s p e c i a l l y  at LH2 
temperature 

The average p e r  cent  of f i l l  w a s  40%. 
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FIGURE 4.26  

PEIWIEABILITY VS. NUMBER OF PLYS: BLADDER 8202 
(NOM[EX/M.YLAR) 
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FIGURE 4 . 2 7  

CONDITION OF PLYS: BLADDER B202 

P l y  1: Nomex 

Peeled Thru 

9 
P l y  7 :  Nomex - 

(6) .2-4 Across [ Adjoining 

P l y  11: Mylar __ ._ ___ - - - 

Tear Along 
Center of B u t t  

P l y  4: Mylar __ 

Ply  10: Mylar 
-. --I_-..- _I -- 

(4) 1"-3 Across 

Butt  Seam 

(4) 1"-3 Across I \- or Adjoinin 

P ly  12: Mylar 
_.__ - - -- 

(contd. 1 
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FIGURE 4 .27  (contd . )  

CONDITION OF PLYS: BLADDER B 2 0 2  

14) .3- .8  P e e l  
hru Lap Seam 

P l y  13: Nomex - .__ ._ 
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Bladder B202 (Nomex/Mylar) 

2. The expuls ion 'behavior  of t h i s  bladder  w a s  f a i r .  The average 
expuls ion p e r  cent w a s  81% d e s p i t e  t h e  apparent r i g i d i t y  of 
t h e  Nomex p lys .  

3 .  This  bladder  e x h i b i t e d a h i g h e r  l eak  rate (3300 cc p e r  minute) 
than  f i v e  of t h e  bladders  t e s t e d .  

4. I n t e r p l y  i n f l a t i o n  or similar condi t ions  were t h e  predominate 
cause f o r  t h e  problems of performance (o ther  than  permeabi l i ty)  
assoc ia ted  with t h i s  bladder.  

4.5.3.3 -Tes t  Conclusions, BS1.5753 Type 1 Bladders 

The fol lowing conclusions were based l a r g e l y  upon t h e  25 LH2 expuls ion 
c y c l e s  by Bladder B202. The lesser number of cyc le s  on B201 tended t o  
cor robora te  t h e s e  conclusions.  

a. The Nomex/Mylar material composite 'produced s a t i s f a c t o r y  expuls ion 
act ion 

b o  This  mater ia l 'composi te  exhib i ted  serious f i l l  problems i n  s m a l l  
b ladders .  These problems could not  be el iminated,  d e s p i t e  use of 
a l l  poss ib l e  counter  measures. 

c. It w a s  not  e s t ab l i shed  t h a t  t h e  Nomex substrate p lys  performed 
t h e i r  intended funct ion.  

d. It is  bel ieved t h a t  t h e  Nomex s u b s t r a t e  p l y s  cont r ibu ted  heavi ly  
t o  such suspected problems as i n t e r p l y  i n f l a t i o n ,  poor nes t ing  of 
p l y s  and excessive r i g i d i t y .  

e. The problem areas were due t o  t h e  material composite involved, 
and cannot be a t t r i b u t e d  t o  bladder  design or workmanship. 
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4.5.4 BS15753 Type 2 Bladders (Figure 4.28) 

Uni t s :  B203 and B204 
Material category:  Dacron/Mylar 
Material composite: See Figure 3.44 
Subcontractor:  G. T. Schje ldahl  Company 

Appearance: 

The appearance of t hese  two bladders  w a s  e s s e n t i a l l y  i d e n t i c a l .  The b ladders  
exhib i ted  a very white  color ,  due t o  t h e  Dacron sa i l  c l o t h  o u t e r  p ly ,  The 
Dacron had a s l i c k ,  c l o s e l y  woven t e x t u r e  and w a s  opaque. These bladders  
presented a s l i g h t l y  chordal  effect, due t o  gores  of comparatively heavy 
material. 

4.5.4.1 Bladder B203 

a. I h i t i a l  Condition 

Bladder B203 w a s  e n t i r e l y  wi th in  s p e c i f i c a t i o n  upon r e c e i p t  from t h e  sub- 
con t r ac to r .  It exhib i ted  exce l l en t  workmanship. 

b. -2 LH Expulsion Tes t ing  

The bladder  w a s  i n s t a l l e d  i n  t h e  dewar wi th  l i t t l e  d i f f i c u l t y ,  us ing  the  
e s t ab l i shed  procedure f o r  co l l aps ing  and fo ld ing  t h e  bladder .  

Cycle 1: 

F i l l :  75% 

Permeabi l i ty  p f t e r  C y c l e  1: 300 cc p e r  minute 
' Expulsion: 45% 

The f i l l  w a s  q u i t e  normal, even though f u l l  f i l l  w a s  ev iden t ly  
not  achieved. The f a i l u r e  t o  a t t a i n  a h igher  degree of expuls ion 
w a s  thought $0 be due t o  e a r l y  bladder f a i l u r e .  The permeabi l i ty  
test  revealed a l e a k  rate of 300 cc p e r  minute and examination of 
t h e  s t e m  seal showed t h a t  it had f a i l e d  due t o  thermal shock. The 
bladder  w a s  then re turned  t o  Schje ldahl  f o r  rework of: t h e  s t e m  seal 
as previous ly  descr ibed.  

The bladder  continued t o  show a l eak  rate of 10 cc p e r  minute a f t e r  
several rework opera t ions  by Schje ldahl .  
t h a t  t h i s  l eak  w a s  through t h e  polymeric bladder  material and not  
through t h e  reworked s t e m  seal. The bladder  w a s  then  re turned  t o  
Beech f o r  a d d i t i o n a l  expuls ion t e s t i n g .  

It w a s  f ' ina l ly  concluded 
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B 1  adde r B203 (Dac  r on/My la r  ) 

Cycles 2 through 9: ' 

F i l l :  75 t o  80% 
Expulsion: 75 t o  80% 
Permeabi l i ty  a f t e r  Cycle 9: 14,000 cc p e r  minute (also see Figure  4.29) 

The l ack  of complete f i l l  w a s  a t t r i b u t e d  t o  a reduced i n t e r n a l  volume 
due t o  i n t e r p l y  i n f l a t i o n  or excess ive  bladder  r i g i d i t y  (at  LH temper- 
a t u r e ) .  
t h e  o u t e r  (Dacron) p l y  and it did not  col2apse e n t i r e l y .  Therefore,  
t h i s  p l y  acted independendently of t h e  rest of t h e  bladder  and prevented 
v i s u a l  observa t ion  of t h e  actual degree of expuls ion.  However, o the r  
i n d i c a t i o n s  enabled t h e  p e r  cent  of expuls ion t o  be e s t ab l i shed  as 75 
t o  80%. 

2 
Due t o  i t s  poros i ty ,  t h e  helium pressurant  could flow through 

Following bladder  removal for  t h e  permeabi l i ty  test  after Cycle 9, t h e  
i n t a c t  P ly  1 w a s  removed t o  provide f o r  v i s u a l  observa t ion  of exac t  
bladder  opera t ion .  It w a s  then  found t h a t  t h e  next f i v e  Mylar p l y s  had 
s p l i t  near  t h e  neck and w e r e  a l s o  removed. 

Cycles 10 through 15: 

F i l l :  75 t o  80% 
Expulsion: 85 t o  95% 
Permeabi l i ty  a f t e r  Cycle 15: 28,000 cc p e r  minute 

F i l l  behavior w a s  s imilar t o  t h a t  of t h e  preceding 
ou te r  p l y  w a s  again Nomex (Ply 7) and w a s  i n a c t i v e  

e i g h t  cyc les .  The 
because of i t s  

poros i ty .  Expulsion w a s  now es t ab l i shed  t o  be 85 t o  95%. The improved 
expuls ion might be explained by the reduced number of p l y s  r e s u l t i n g  i n  

, reduced t o t a l  i n t e r p l y  i n f l a t i o n  or i n  reduced bladder  r i g i d i t y .  

A t  t h e  end of Cycle 15, t h e  pressurant  pressure  dropped t o  zero and 
remained there. This  showed t h a t  t h e  pressurant  w a s  f lowing through 
t h e  bladder,  i n d i c a t i n g  g ross  bladder  f a i l u r e .  Therefore,  expuls ion 
t e s t i n g  w a s  i n t e r rup ted  f o r  an ambient temperature  l eak  tes t .  The 
l e a k  rate of 28,000 cc p e r  minute v e r i f i e d  g ross  bladder  f a i l u r e .  

c. Post-Test Condition 

A l l  p l y s  o f  Bladder 203 were c a r e f u l l y  examined f o r  damage a f t e r  t h e i r  
removal from t h e  bladder.  Figure 4.30 (two pages) r e f l e c t s  t h e  damage t o  
t h e  var ious  p l y s  i n  t h e  manner descr ibed i n  t h e  e a r l y  paragraphs of Sub- 
s e c t i o n  4.5.  The t h r e e  Dacron substrate p l y s  ( P l y s  1, 7, and 13) showed 
no v i s i b l e  damage and are not  included i n  t h e  f i g u r e .  
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FIGURF: 4.29 

PERMEABILITY PROFIL OF BLADDER B203 
(DACRON'7MYLAR) 
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FIGURE 4 . 3 0  

CONDITION OF PLYS: BLADDER B203 

Ply 2: Mylar --- I-_____I. 

Ply 4: Mylar 
-I_._ ____ - 

Ply 6: Mylar 

- Ply 3: Mylar 
_-__I._ 

- Ply 5: Mylar 

Ply 8: Mylar -- __ . - - 
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FIGURE 4.30 (contd. 1 

CONDITION OF PLYS: BLADDER B203 

Ply 9: Mylar -- - 

Ply 11: Mylar 
. --____ - 

f 

Ply 10: Mylar - _______-_I___ 

Ply 12: Mylar 
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Bladder B203 (Dacron/Mylar) 

d. Summary 

1. 

2. 

3. 

4. 

5 .  

6. 

LtH2 and helium gas  pene t ra ted  t h e  Dacron p l y s  more r e a d i l y  than  
an t i c ipa t ed ,  reducing t h e i r  func t ion  as inne r  and o u t e r  sub- 
strate p l y s  t o  only t h a t  of f l o a t i n g  abras ion  sh ie lds .  There 
is  no i n d i c a t i o n  t h a t  t h e  s u b s t r a t e  p lys  w e r e  of bene f i t  t o  t h e  
b a r r i e r  p l y s  e 

Bladder) B203 exhib i ted  only f a i r  f i l l  behavior, which w a s  probably 
inf luenced by i n t e r p l y  i n f l a t i o n  or s u b s t r a t e  p l y  r i g i d i t y .  

This  bladder  produced f a i r l y  good expulsion, which w a s  improved 
somewhat by removal of s i x  of t h e  13 p l y s  

The high l eak  rate af ter  Cycle 9 w a s  a t t r i b u t e d  t o  i n c i p i e n t  
f a i l u r e  of t h e  Mylar p lys .  

The bladder  became incapable of expuls ion as a l eak  rate o f ,  
28,000 cc p e r  minute w a s  approached. 

This  bladder  w a s  i n s t a l l e d  i n  t h e  test  dewar (using e s t ab l i shed  
procedure) without much d i f f i c u l t y .  

I 

.- 
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4.5.4 a 2 Bladder B204 

a. I n i t i a l  Condition 

This  bladder  had been reworked t o  incorpora te  t h e  improved s t e m  seal, p r i o r  
t o  shipment by Schje ldahl .  The bladder  w a s  e n t i r e l y  wi th in  s p e c i f i c a t i o n  
and exhib i ted  exce l l en t  workmanship. 

b. - LH2 Expulsion Tes t ing  

Bladder B204 presented g r e a t e r  d i f f i c u l t y  of i n s t a l l a t i o n  than any o t h e r  
bladder  under t h i s  program, desp i t e  f u l l  u t i l i z a t i o n  of t h e  e s t ab l i shed  
i n s t a l l a t i o n  procedures. An added problem w a s  t h e  apparent bunching or 
knot t ing  of the inne r  p lys ,  which were very unyielding t o  t h e  touch. The 
bladder  showed a s l i g h t  increase  of permeabi l i ty  ( t o  1 cc p e r  minute) 
a f t e r  i n s t  a l la t  ion. 

Cycle 1: 

F i l l :  A two s t age  f i l l  w a s  observed, wi th  a d d i t i o n a l  f i l l  ( t o  80%) 
after i n s i d e  of bladder  had been pressur ized  t o  expand same. 

Expulsion: Unable t o  expel1 more than  35%, i n  s p i t e  of increased 
expuls ion q res su re  e 

C y c l e  2: 

F i l l :  Probably 80% 
Expulsion: Only 5% at  increased pressure .  U s e  of w a r m  pressurant  

did not  increase  expulsion, but 50% expuls ion w a s  a t t a i n e d  
a f t e r  w a r m  helium w a s  flowed i n t o  bladder  for approximately 
2 minutes. The w a r m  helium ev iden t ly  warmed t h e  bladder  t o  
some degree ( a l so  boi led off  some LH2). 

Cycle 3: 

F i l l :  Probably 80% 
Expulsion: 15% 

Cycle 4: 

F i l l :  Probably 80% 
Expulsion: 0 ;  then  30% after flow of w a r m  He, then  70% a f t e r  ad- 

Permeabi l i ty  a f t e r  Cycle 4: 
d i t i o n a l  w a r m  gas  flow. 

39 cc pe r  minute (also see Figure 4.3L) 
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FIGURE 4.31 

PERMEABILITY PROFILE OF BLADDER B204 

LH E x p u l s i o n  Cycles 2 
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Bladder B204 ( D a c  r on/My 1 ar 

A l l  i n d i c a t i o n s  were t h a t  t he  tes t  system w a s  f u l l y  operable  during 
t h e  preceding cycle ,  but  t h e  bladder  could be only p a r t i a l l y  col lapsed.  
This  could have r e su l t ed  from a s e r i o u s  l eak  i n  t h e  bladder, but  an 
ambient temperature permeabi l i ty  test a f t e r  Cycle 4 f a i l e d  t o  i n d i c a t e  
such a leak .  This  then suggested t h a t  t h e  pressure  of t h e  pressurant  
w a s  not  s u f f i c i e n t  t o  co l l apse  t h e  cold bladder  because of bladder 
r i g i d i t y  or poor nes t ing  of p lys .  
w a r m  helium made t h e  bladder  less r i g i d ,  t h u s  r e s u l t i n g  i n  add i t iona l  

add i t ion  of w a r m  helium should aggravate t h a t  condi t ion,  not  improve 
it. It w a s  comparatively easy t o  remove and i n s t a l l  t h e  bladder,  
f u r t h e r  i n d i c a t  ing t h a t  i n t e r p l y  i n f l a t i o n  w a s  no t  excessive 

It w a s  bel ieved t h a t  t h e  flow of 

.b ladder  co l lapse .  I n t e r p l y  i n f l a t i o n  w a s  not  suspected because t h e  

Cycles 5 through 10: 

Cycle N o .  F i l l  % Expulsion ,% 

5 95 60 
6 75 35 
7 85 20, then 60 
8 50 70 
9 65 40 

10 50 55 

Permeabi l i ty  a f t e r  Cycle 10: 382 cc p e r  minute 

Expulsion percentages decl ined through Cycles 5, 6, and 7, so w a r m  
helium gas w a s  flowed i n t o  t h e  bladder  during Cycle 7, r e s u l t i n g  i n  
add i t iona l  co l l aps ing  t o  a t o t a l  of 60%. A f i v e  minute per iod of 
w a r m  up before  Cycle 9 expuls ion had l i t t l e  e f f e c t  on t h e  bladder  
and d id  not  improve t h e  percent  of expulsion. The pressure  of t h e  
pressurant  w a s  increased t o  excessive l e v e l s  f o r  Cycle 10, but ad- 

t h e  ou t s ide  of t h e  bladder  revealed t h a t  t h e  bladder  would not  hold 
external p re s su re  when a t  LHz temperature.  Such l eak  w a s  much less 
apparent when t h e  bladder  w a s  i n  a w a r m e r  condi t ion,  suggest-ing t h a t  
a l eak  ex i s t ed  which w a s  amplified by t h e  LH2 temperature.  
bladder  r i g i d i t y  (when cold)  w a s  not  discarded as a con t r ibu t ing  
f a c t o r  

' d i t i o n a l  expuls ion could not be produced. Pressure  lock-ups on 

Excess 

Following removal fo r  permeabi l i ty  t e s t i n g  after Cycle 10, P ly  1 
(undamaged) w a s  removed t o  enable observat ion of t h e . r e s t  of t h e  
bladder.  It w a s  then  found t h a t  t h e  next f i v e  Mylar b a r r i e r  p l y s  
w e r e  f a i l e d ,  with a tear i n  each ranging from 8 inches t o  2 inches 
long. Therefore, a l l  p l y s  through Ply  6 w e r e  removed, again leav ing  
a Dacron p l y  (Ply 7) exposed, 
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Cycle 11: 

F i l l :  25% 
Expulsion: 65% 

Cycle 12: 

F i l l :  
Expulsion: 90 t o  95%; Ply  7 w a s  i n a c t i v e  and co l lapsed  t o  only 20% 

90 t o  95% (with LH2 precool) 

Cycle 13 (Outward Expulsion) : 

The expulsion cyc le  w a s  i n  t h e  outward manner (see Paragraph 4,5.1.3) i n  
an attempt t o  l e a r n  more of t h e  behavior of t h i s  bladder.  

F i l l :  

Expulsion: 95% 

90 t o  95% ( o u t y  p l y  co l lapsed  only 25%, with LH2 
p e n e t r a t i n g  Dacron f a b r i c )  

Bladder showed good performance i n  outward expulsion. 

Cycles 14  and 15 -(Inward Expulsion): 

F i l l :  75% (no precool) and 70% (with precool) 
Expulsion: 95% 
Permeabili ty a f t e r  15 cyc les :  6300 cc p e r  minute 

Reduction of bladder m a s s  (33% reduct ion  i n  Dacron s u b s t r a t e  pLys 
and 50% reduct ion  i n  Mylar b a r r i e r  p lys )  appeared t o  r e s u l t  i n  
s i g n i f i c a n t l y  b e t t e r  performance, e s p e c i a l l y  i n  percent  of expul- 
s ion,  f o r  Cycles 11 through 15. This  w a s  believed due t o  a re- 
duc t ion  i n  bladder r i g i d i t y ,  s ince  i n t e r p l y  i n f l a t i o n  w a s  no t  a 
prime suspect i n  t h i s  case. 
b e n e f i t s  f o r  f i l l i n g ,  a l s o  f a i l i n g  t o  e s t a b l i s h  t h e  p o s s i b l e  s ign i -  
f i cance  of i n t e r p l y  i n f l a t i o n .  The l e a k  rate of 6300 cc p e r  minute 
ind ica ted  s u b s t a n t i a l  bladder d e t e r i o r a t i o n  t o  a degree not  r e a d i l y  
c o r r e l a t e d  to t h e  e x c e l l e n t  performance i n  Cycle 13 (outward ex- 
puls ion) .  

Precooling wi th  LH2 produced v a r i a b l e  
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The f i l l  f o r  Cycle 16 w a s  without LH2 precool  and w a s  very poor. 
However, t h e  f i l l  f o r  Cycle 18 (aiso without precool) w a s  almost 
as good as t h e  LkI precooled f i l l s  f o r  Cycles 17 and 19. The 
o u t e r  p l y  (Dacron? w a s  a c t i n g  independent of t h e  rest of t h e  
bladder and w a s  co l l aps ing  only from 10 t o  25% on expulsion. 
This  w a s  due t o  p o r o s i t y  

Cvcle 20 (Outward Exmlsion)  : 

and not  due t o  tears or holes .  

F i l l :  98% 
Expulsion: 98% 
Permeabili ty a f t e r  Cycle 

The bladder continued t o  
expulsion. 

20: 8400 cc p e r  minute  

e x h i b i t  e x c e l l e n t  performance i n  outward 

C y c l e s  21 through 24 (Inward Expulsion): 

F i l l :  90%, 80%, 90% and 80% 
Expulsion: 95% 

Precooling wi th  LH r e s u l t e d  i n  two f i l l s  of 90% while only 80% f i l l  
w a s  a t t a i n e d  without precooling, This  ind ica ted  t h a t  i n t e r p l y  in- 
f l a t i o n  w a s  s t i l l  of some s ign i f i cance ,  The outer (Dacron) p l y  
co l lapsed  only 10% on expulsion. 

2 

Cyple 25 (Outward Expulsion) : 

F i l l :  65% 
Expulsion: 95% 
F i n a l  permeabi l i ty  a f t e r  25 cyc les :  

The comparatively l o w  amount of f i l l  could noi  be explained. 

17,000 cc p e r  minute 

c. Post-Test Condition 

Each ind iv idua l  p l y  of Bladder B204 w a s  examined as it w a s  removed from t h e  
bladder.  Figure 4.32 (two pages) shows t h e  condi t ion  of p l y s  s u f f e r i n g  
v i s i b l e  damage. The t h r e e  Dacron s u b s t r a t e  p l y  (Plys  1, 7, and 13) were 
i n  e x c e l l e n t  condi t ion  and are not  included i n  t h e  fugure. 
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FIGURE 4.32 

CONDITION OF PLYS: BLADDER B204 

P ly  2: Mylar -- - - . . -I 

Ply  4: M y l a r  - - - 

Ply  6: Mylar ______-- 

Ply  3: Mylar 

P ly  5: Mylar - - 

Ply  8: Mylar 
-______I_.. - 

(contd. 1 
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FIGURE 4 .32  (contd . )  

CONDITION OF PLYS: BLADDER B204 

P l y  9: Mylar 

1 .2-.4 Acros 

P l y  11: Mylar - 

(3) .20.5 Acros 

P ly  10: Mylar 
-. 

.5-.8 Across 

P l y  12: Mylar 
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Bladder B204 (Dacron/Mylar) 

Rectangular samples w e r e  c u t  from t h e  var ious  b a r r i e r  p l y s  m y l a r )  i n  t h e  
l o c a t i o n  shown i n  F igure  8.23. 
produced r e s u l t s  as follows: 

Permeabili ty t e s t i n g  upon t h e s e  samples 

P ly  No. 

3 
5 
9 

Leakage i n  cc p e r  Minute 

Stem A r e a  P o l a r  Area 

0 0 
0 13 
0 580 

The above d a t a  i n d i c a t e s  t h a t  t h e s e  p lys  received more wear a t  or near  t h e  
p o l a r  cap than at t h e  s t e m  area. P lys  10, 11, and 12 a l s o  suf fered  con- 
s i d e r a b l e  v i s i b l e  damage a t  or near t h e  p o l a r  cap, as shown i n  Figure 4,32, 

d.  Summary 

1. 

2. 

3. 

4. 

5. 

6, 

Bladder 8204 exh ib i t ed  f a i r l y  poor expulsion performance . in  
its o r i g i n a l  (13 ply)  conf igura t ion .  Expulsion c h a r a c t e r i s t i c s  
improved decidedly by t h e . d e l e t i o n  of t h e  s i x  o u t e r  p l y s ,  Ex- 
pu l s ion  problems were a t t r i b u t e d  t o  excess ive  bladder r i g i d i t y  
a t  cold temperature, r a t h e r  than  t o  i n t e r p l y  i n f l a t i o n .  Average 
expulsion f o r  t h e  22 inward expulsion cyc le s  w a s  67%. 

The f i l l  c h a r a c t e r i s t i c s  of t h i s  bladder w e r e  q u i t e  poor, averag- 
ing  73% for t h e  22 inward expulsion cyc les .  F i l l  behavior was 
not improved by d e l e t i o n  of t h e  s i x  ou te r  p lys .  F i l l  problems 
w e r e  a t t r i b u t e d  t o  bladder r i g i d i t y ,  w i t h  some suggestion of 
i n t e r p l y  i n f l a t i o n .  

The feive ou te r  Mylar p l y s  su f fe red  e a r l y  f a i l u r e  i n  t h e  stem 
area, d e s p i t e  t h e  presence of t h e  s u b s t r a t e  p l y s  (which w e r e  
undamaged). The f i v e  inner  Mylar p l y s  su f fe red  considerable 
damage i n  t h e  lower p o l a r  area, while t h e  ad jo in ing  Dacron 
p l y s  were i n  a condi t ion  l i k e  new. 

Helium gas or LJJ pene t ra ted  t h e  Dacron p l y s  q u i t e  r e a d i l y ,  

This  bladder presented t h e  greatest problems, of a l l  bladders 
of i n s t a l l a t i o n  i n t o  and removal from t h e  test  dewar, 

2 

'The bladder exhib i ted  high leak rates c o n s i s t e n t  wi th  t h e  
damage t o  t h e  b a r r i e r  p lys .  
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4.5.4.3 

a. It w a s  concluded t h a t  t h e  Dacron s u b s t r a t e  p lys  d id  not  perform 
t h e i r  intended func t ion  of enhancing t h e  opera t ion  of t h e  b a r r i e r  
p lys .  The Mylar p l y s  incurred considerable  damage, while  t h e  
Dacron p l y s  remained i n  exce l l en t  condi t ion.  

b. The Dacron s u b s t r a t e  p l y s  presented problems 'in un i f i ed  bladder  
ac t ion ,  due t o  t h e  ready pene t r a t ion  of t h e  material by LH2 and 
by helium gas.  

c. These bladders  exhib i ted  gene ra l ly  poor f i l l  and expuls ion 
c h a r a c t e r i s t i c s .  Thei r  expuls ion behavior w a s  improved by 
t h e  d e l e t i o n  of approximately ha l f  of t h e  p lys .  

d .  Poor opera t iona l  c h a r a c t e r i s t i c s  were b a s i c a l l y  a t t r i b u t e d  t o  
excessive r i g i d i t y  of t he  Dacron p l y s  at LH temperature.  The 
Dacron showed h igher  r i g i d i t y  than any o the r  material expulsion 
t e s t e d  i n  t h i s  program. 

2 

e. Both b ladders  suf fered  e a r l y  p a r t i a l  f a i l u r e ,  followed by e a r l y  
t o t a l  f a i l u r e  of B203 .  Both bladders  exhib i ted  excessive l eak  
rates 

f .  Bladder problems could not be a t t r i b u t e d  t o  workmanship. 
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4.5,5 BS15753 Type 5 Bladders (Figure 4,331 

Units :  B205 and B206 
Material category : Mylar 
Material composite: See Figure 3.42 
Subcontractor:  G. T. Schje ldahl  Company 

Appearance 

These two bladders  were i d e n t i c a l  i n  appearance. They w e r e  semi-transparent,  
wi th  t h e  ou te r  p l y s  clear and t ransparent  while t h e  inne r  p l y s  appeared 
s i l v e r y  i n  co lor .  It w a s  poss ib l e  t o  d i s t i n g u i s h  t h e  l i q u i d  l e v e l  w i th in  
t h e  bladders .  These bladders  became e s s e n t i a l l y  sphe r i ca l  when i n f l a t e d  t o  
1 p s i .  They exhib i ted  meticulous workmanship and were very f l e x i b l e  t o  t h e  
touch, 

4 ,5 .5 ,1  Bladder B205 

a. I n i t i a l  Condition 

Bladder B205 was e n t i r e l y  wi th in  s p e c i f i c a t i o n  upon r e c e i p t  a t  Beech. I& 
had a ze ro  l eak  rate and exhib i ted  exce l l en t  workmanship. The Mylar showed 
considerable  wrinkling, but  t h e  seams were very smooth and clear. 

b. - LH2 Expulsion Tes t ing  

Bladder B205 was i n s t a l l e d  i n  t h e ' t e s t  dewar with very l i t t l e  d i f f i c u l t y .  
of t h e  expuls ion cyc le s  on t h i s  bladder  w e r e  inward expulsion. 

A l l  

Cycles 1 through 5: 

F i l l .  99% 
Expulsion: TO%, 50%, 45%, 65%, and 75% 
Permeabi l i ty  a f t e r  Cycle 5: 700 cc p e r  minute .(also see Figure 4.341 

The f i l l  performance of t h i s  bladder  w a s  exce l l en t .  The noted pe rcen t s  
of expuls ion may be low, because it w a s  not discovered u n t i l  later cyc le s  
t h a t  t he  o u t e r  p ly(s1  w a s  a c t i n g  independent of t h e  o t h e r  p l y s  and no t  
co l laps ing  as f a r  as t h e  rest of t h e  bladder , .  
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PERMEABILITY PROFIU OF BLADDER B205 
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5 10 15 214 25 
LH Expulsion Cycle 

2 
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Bladder B205 (Mylar) 

A tear i n  each of t h e  f i v e  ou te r  p lys  w a s  noted when t h e  bladder w a s  
removed f o r  permeabi l i ty  t e s t i n g .  These tears were adjacent t o  t h e  
s t e m  assembly and were near ly  a l igned wi th  one another.  Each Was 
approximately 1.5 inches long. These tears were d e f i n i t e l y  not due 
t o  malpract ice  or mishandling. 
f irst  f i v e  cyc les  w a s  a t t r i b u t e d  t o  t h e  tears i n  the  bladder which were 
also co r re l a t ed  t o  t h e  increased leak rate.  

The poor expulsion performance of t h e  

Cyc le s  6 through 10: 

F i l l .  99% 
Expulsion: 80%, except 85% f o r  Cycle 7 
Permeabi l i ty  a f t e r  Cyc le  10: 1000 cc p e r  minute 

The expulsion behavior w a s  thought t o  be q u i t e  good, consider ing t h e  
damage t o  t h e  bladder ,  (This w a s  one of t he  f i r s t  bladders  t e s t ed ,  
and such l eak  rates had not  been previously encountered).  
from t h e  dewar f o r  permeabi l i ty  t e s t i n g  w a s  extremely d i f f i c u l t , .  
removal, Ply 1 w a s  near ly  separated from the  bladder ( a t  t h e  s t e m  assembly) 
and w a s  removed. 

Removal 
After  

C y c l e s  11 th’rough 15: 

P i l l :  99% 
Expulsion: 95%, 90%, 95%, 75% and 95% 
Permeabi l i ty  a f t e r  C y c l e  15: 28,000 c c  pe r  minute 

The expulsion behavior improved over t h a t  f o r  previous cycles, desp i t e  t h e  
sharp increase  i n  leakage Expulsion w a s  comparatively slow (averaging 
approximately 70 seconds) and t h e  t h r e e  ou te r  p lys  were inac t ive .  The 
bladder w a s  l eak  checked i n  the  t e s t  dewar. The w e t  t e s t  meter being 
used t o  measure t h e  leak  had a capaci ty  of approximately 30 l i ters 
(30,000 cc) pe r  minute, but  i t  w a s  believed t o  become inaccura te  a t  a 
flow r a t e  of approximately 28 l i t e rs  pe r  minute. 

Cycles  16 through 20: 

F i l l :  99% 
Expulsion: 98%, 96%, 95%, 93% and 95% 
Permeabi l i ty  af ter  Cyc le  20: 28,000 cc p e r  minute 

The performance of t h i s  bladder w a s  amazing, i n  view of i t s  excessive 
leak  r a t e  and considerable  damage. Expulsion continued t o  be compara- 
t i v e l y  s l o w .  Problems of i n s t a l l a t i o n  i n t o  (and removal from) the  t e s t  
dewar were reduced by use of t h e  air pump t o  reduce i n t e r p l y  i n f l a t i o n .  
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Cycles 21  through 25: 

F i l l :  99% 
Expulsion: 95%, 93%, 97%, 90% and 90% 
F i n a l  permeabi l i ty  a f t e r  25 cyc les :  28,000 cc p e r  minute 

Post-Test Condition 
c o  __s 

Bladder B205 w a s  d i s sec t ed  fol lowing expuls ion t e s t i n g  t o  permit a d e t a i l e d  
v i s u a l  examination of each p ly .  Figure 4.35 ( t w o  pages) po r t r ays  t h e  eon- 
d i t i o n  of each p l y  i n  t h e  manner descr ibed i n  t h e  i n i t i a l  paragraphs of: Sub- 
s e c t i o n  4.5. The f i g u r e  shows t h a t  e s s e n t i a l l y  t h e  same type of damage 
occurred on a diminishing scale (from ou t s ide  t o  in s ide )  on a l l  of t h e  p lys .  

d.  Summary 

1. 

2. 

3. 

4. 

Bladder B205 exhib i ted  exce l l en t  f i l l  performance of 99% 
f i l l  f o r  each cycle .  

The expuls ion performance of t h i s  bladder  w a s  except iona l ly  
good. The bladder  w a s  s t i l l  capable of 90% and h igher  ex- 
pu ls ion  when damage w a s  of a magnitude r e s u l t i n g  i n  a l eak  
rate of 28,000 cc p e r  minute. Expulsion behavior improved 
a f t e r  t h e  f i r s t  10 cyc le s  and averaged 86% f o r  a l l  25 cyc les ,  

The very high. l eak  rate (28,000 cc p e r  minute) r e su l t ed  from 
t h e  progress ive  f a i l u r e  of p lys .  

The only apparent problem areas w e r e  f a i l u r e  of a l l  p l y s  i n  
t h e  s t e m  area and i n s t a l l a t i o n  problems r e s u l t i n g  f r o m  i n t e r -  
p l y  i n f l a t i o n ,  
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FIGURE 4.35 

CONDITION OF PLYS: BLADDER B205 

Ply 1: Mylar 
I_- 

Ply 3: Mylar 

Ply 5: Mylar -- 

Ply 2: Mylar - 

Ply 4: Mylar - 

Ply 6: Mylar 

(contd. 
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FIGURF: 4.35 (contd . )  

CONDITION OF PLYS: BLADDER B205 

Ply 7: Mylar -- - 

Ply 9: Mylar 

-- - 
1 . 5  

_- 

1 . 5  

Ply 8: Mylar - 

Ply 10: Mylar 
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FIGURE 4.36 

PERMEABILITY PROFILE OF BLADDER B206 

5 10 15 20 25 

LH2 Expulsion Cycles 
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4 5 5 2 Bladder B206 

a. I n i t i a l  Condition 
~ 

Bladder B206 w a s  i n  f u l l  compliance with t h e  spec i f i ca t ion .  The bladder  
exhib i ted  excell .ent workmanship. The Mylar appeared q u i t e  wrinkled but 
t h e  seams presented an excellent appearance. 

b. LH, Expulsion Tes t ing  

N o  p a r t i c u l a r  problems w e r e  encountered i n  i n s t a l l i n g  Bladder B206 i n t o  
t h e  tes t  dewar. A l l  of t h e  cyc le s  f o r  t h i s  bladder  w e r e  inward expuls ion,  

Cycles 1 through 5: 

P i l l :  99% 
Expulsion: 99% 
Permeabi l i ty  after Cycle 5: 31 cc p e r  minute (also see Figure 4.36) 

The bladder  exhib i ted  exce l l en t  ope ra t iona l  c h a r a c t e r i s t i c s .  Only 
one s m a l . 1  problem appeared: t h e  ou te r  p l y  had a tendency t o  p u l l  
up i n t o  t h e  neck approximately .6  inch when vacuum was f i r s t  pu l led  
during system purge 

Cycles 6 through LO: 

Fill, 99% 
Expulsion: 8576, 9976, 97%, 99% and 98% 
Permeabi l i ty  a f t e r  Cycle LO: 431 cc p e r  minute 

Operat ional  c h a r a c t e r i s t i c s  remained exce l len t ,  even though expuls ion 
pel-eentage.deteriora,ted on seve ra l  cycles .  Ply 1 w a s  observed t o  act 
independent of t h e  rest of t h e  bladder.  I t  w a s  found t o  have con- 
s ide rab le  damage when t h e  bladder w a s  removed for permeabi l i ty  t es t ing  
and w a s  removed from t h e  bladder.  The l eak  rate took a r a t h e r  sudden 
increase t o  431 cc p e r  minute, 

Cycles 11 through 15: 

F i l l .  99% 
Expulsion: 90%, 85%, 87%, 87% and 85% 
Permeabi l i ty  a f t e r  Cycle 15: 355 cc p e r  minute 
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The bladder s t i l l  exh ib i t ed  smooth and p o s i t i v e  ac t ion .  The reduct ion  
i n  expulsion percentages and t h e  decrease  i n  l e a k  rates could not  be 
explained. The o u t e r  p l y  (Ply 2) was now p a r t i a l l y  i n a c t i v e .  

Cycles 16 through 20: 

F i l l :  99% 
Expulsion: 90%, except 95% f o r  Cycle 19  
Permeabi l i ty  a f t e r  Cycle 20: 253 cc p e r  minute 

The performance dur ing  these  cyc le s  w a s  very similar t o  t h e  proceding 
f i v e  cyc les .  The o u t e r  p l y  (Ply 2) condinued t o  be p a r t i a l l y  inac t ive .  
It w a s  found t o  have cons iderable  damage and w a s  removed. There w a s  
no explana t ion  f o r  the dec l ine  i n  l eak  rate. 

Cycles 21 through 25: 

F i l l :  99% 
Expulsion: 98%, 99%, 98%, 97% and 99% 
F i n a l  permeabi l i ty  after 25 cyc les :  428 cc p e r  minute 

Exce l len t  opera t ing  characteristics. 

c. Post-Test Condition 

Upon completion of expulsion t e s t i n g ,  t h e  stem seal area of Bladder B206 
w a s  examined i n  an attempt t o  locate t h e  leakage. This  examination re- 
vealed f i v e  r a d i a l  c racks  through t h e  p o l y e s t e r  adhesive which w e r e  due t o  
thermal shock ( th i s  bladder d i d  not inc lude  t h e  improved s t e m  seal because.  
of t h e  absence of Nomex p l y s ) .  The s t e m  seal w a s  r epa i r ed  a t  Beech and l eaks  
were eliminated, r e s u l t i n g  i n  a permeabi l i ty  through t h e  bladder of 180 cc 
per,minute.  (Note: This  w a s  t h e  only BS15753 bladder i n  which a s i g n i f i c a n t  
s t e m  seal l eak  was detec ted  a f t e r  expulsion t e s t i n g . )  

Bladder B206 w a s  permeabi l i ty  tested i n  t h e  b e l l  j a r  a f t e r  each succeeding 
ou te r  p l y  w a s  removed. This  provided t h e  p r o f i l e  shown i n  Figure 4.87 
represent ing  t h e  inc rease  i n  permeabi l i ty  f o r  t h e  reduct ion  i n  number of 
p lys .  The curve begins with t h e  permeabi l i ty  rate after P l y  2 w a s  removed 
( leaving  8 p l y s  on t h e  bladder) and ends wi th  t h e  permeabi l i ty  rate a f t e r  
P ly  9 w a s  removed ( leaving  only 1 p l y ) .  

Each p l y  w a s  c a r e f u l l y  examined upon i t s  removal from t h e  bladder.  Only 
P lys  1 and 2 showed any v i s i b l e  damage (o ther  than  c raz ing  of t h e  Mylar) 
and t h i s  damage i s  portrayed i n  F igure  4.38. A l l  of t h e  p l y s  showed con- 
s i d e r a b l e  c raz ing  of t h e  Mylar, but t h i s  w a s  not  considered t o  be de l e t e r ious .  
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FIGURE 4.37 

PERMEABILITY VS. NUNLBER OF PLYS: BLADDER B206 
(NYLAR) 

Number of P lys  Remaining on Bladder 
at Time of Permeabili ty Tes t  
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FIGURSI 4.38 

CONDITION OF PLYS: BLADDER B206 

Ply 1: Mylar P l y  2: Mylar 

. .  
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Bladder B206 (Mylar) 

Rectangular samples w e r e  cu t  from var ious  p l y s  i n  t h e  l o c a t i o n s  shown i n  
Figure 4.23, 
r e s u l t s :  

Permeabi l i ty  tests upon t h e s e  samples produced t h e  fol lowing 

Ply No.  

4 

6 

10 

Leakage i n  cc p e r  Minute 
____p 

Stem A r e a  - Pola r  Area 

0 29,4 

.21  -31 

0 a 68 

The above i n d i c a t e s  t h a t  t hese  p lys  incurred g r e a t e r  wear a t  or near  t he  
p o l a r  cap than i n  t h e  s t e m  area. 

d .  Summary 

1. Bladder B206 produced t h e  most t rouble- f ree  opera t ion  of 
a l l  t he  bladders ,  

2. This  bladder  exhib i ted  exce l l en t  f i l l  perfoxmance (99%) and 
very good expuls ion performance (95%). 

3 .  Only t w o  b ladders  had a lower l eak  rate a f t e r  25 W2 ex- 
pu l s ion  cyc les  than t h i s  bladder.  

4. This  bladder  gave no evidence of any undesirable  character-  
ist ics (except f o r  i n t e r p l y  i n f l a t i o n  a t  ambient temperature),  

4.5.5.3 T e s t  Conclusions, BSl5753 Type 5 Bladders 

T i e  LH2 expuls ion t e s t i n g  of Bladders B205 and B206 r e su l t ed  fn t h e  fol lowing 
conclusions: 

a, 

b, 

6. 

d. 

This  material composite provided opera t iona l  performance which 
w a s  e n t i r e l y  f r e e  of t h e  var ious  undes i rab le  c h a r a c t e r i s t i c s  ex- 
h ib i t ed  by t h e  o t h e r  macerial composites t e s t ed .  

These b ladders  exhib i ted  exce l l en t  f i l l  performance (99%), nne 
bladder  (B206) produced very good expuls ion performance d95%), 
while B205 exhib i ted  fa i r  expuls ion (86%). 

Bladder B205 suf fered  e a r l y  damage of considerable  propor t ions  
(28,000 cc p e r  m.inute leak  rate), but w a s  s t i l l  capable of ex- 
puls ion  of up t o  90% of i t s  volume.' 

Good permeabi l i ty  Charac t e r i s t i c s  can be expected of t h i s  material 
composite i f  s e r i o u s  damage t o  t h e  p lys  does not  occur. 
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4.5.6 BS15753 Type 7 Bladders (Figure 4.3%) 

U n i t s  : B207 and B208 
Material category: NomexJKap ton  
Material composite: See F igure  3.45 
Subcontractor :  G. T. Schjeldahl  Company 

App e ar an ce 

These two bladders  were very i d e n t i c a l  i n  appearance. 
p lys  were opaque and presented an off-white f i b r o u s  appearance which had a 
s l i g h t  t i n g e  of amber due t o  t h e  under.lying Kapton p lys .  These bladders  
were q u i t e  r i g i d  and presented a chordal  e f f e c t  ( r a t h e r  than  a t r u e  sphere) 
due t o  t h e  heavy Nomex material. 

The e x t e r i o r  Nomex 

4.5.6.1 Bladder B207 

a. I n i t i a l  Condition 

The bladder  w a s  w i th in  s p e c i f i c a t i o n  when received at Beech. It had been 
f ab r i ca t ed  with t h e  improved type of s t e m  seal. The bladder  r e f l e c t e d  ex- 
c e l l e n t  workmanship. 

b. LH Expulsion Tes t ing  - 
Bladder B207 presented s e r i o u s  d i f f i c u l t i e s  of i n s t a l l a t i o n  i n t o  t h e  test  
dewar, d e s p i t e  use  of a l l  measures t o  f a c i l i t a t e  t h e  i n s t a l l a t i o n .  This  
d i f f i c u l t y  w a s  a t t r i b u t e d  t o  t h e  bulk and r i g i d i t y  of t h e  t h r e e  Nomex p lys  
and due t o  i n t e r p l y  i n f l a t i o n .  A permeabi l i ty  tes t  a f t e r  i n s t a l l a t i o n  
revealed a l eak  rate of 6 .4  cc pe r  minute. A l l  cycles were inward expulsion, 
except as noted. 

Cycles 1 through 5: 

F i l l :  N o  more than  15% 
Expulsion: 95% 
Permeabi l i ty  a f t e r  Cycle 5: 13.4 cc p e r  minute ( a l s o  see Figure 4.40) 

A s i g n i f i c a n t  percentage of f i l l  could not  be a t t a i n e d  i n  s p i t e  of 
such assists as a back pressure  i n  t h e  b ladder  (s teady or i n t e r m i t t e n t ) ,  
h igh s to rage  dewar pressure,  and LH precool  on t h e  exterior of t h e  2 
bladder .  The i n i t i a l  explanat ion t o  t h i s  f i l l  behavior involved i n t e r -  
p l y  i n f l a t i o n  and f a i l u r e  of i nne r  p l y s  t o  expand. Also suspected w a s  
t h e  tendency of l i q u i d  hydrogen t o  stream i n t o  t h e  vent l i n e  i f  t h e  
flow pa th  from t h e  f i l l  l i n e  t o  t h e  vent o r i f i c e  is reduced and not  of 
t h e  proper  conf igura t ion .  
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FIGURE 4.40 

PERMEABILITY PROF1 OF BLADDER B207 
( N m y - o N >  

LH2 E x p u l s i o n  Cycles 
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Bladder B207 (Nomex/Kapton) 

The bladder  r e a d i l y  col lapsed t o  95% of to ta l  col lapse,  but  mostly 
gas  w a s  expel led.  The bladder  w a s  removedfromthe dewar (for perme- 
a b i l i t y  t e s t i n g )  wi th  g r e a t  d i f f i c u l t y .  The col lapsed and folded 
bladder  w a s  very r i g i d  and posed a considerable  problem on re- 
i n s t a l l a t i o n  i n t o  t h e  test  dewar. ' 

Cycles 6 through 10: 

F i l l :  N o  more than 15% 
Expulsion: 95% 
Permeabi l i ty  af ter  Cycle 10: 60 cc p e r  minute 

Bladder behavior during these  f i v e  cyc le s  very c l o s e l y  dupl ica ted  
t h e  preceding cyc les .  A l l  e f f o r t s  t o  increase  t h e  percent  of f i l l  
were unsuccessful .  

Cycles 11 through 15: 

F i l l :  N o  more than  15% 
Expulsion: 95% 
Permeabi l i ty  a f t e r  Cycle 15: 70 cc p e r  minute 

These cyc le s  produced behavior very much l i k e  t h e  preceding cyc les .  
The poor f i l l  behavior w a s  s t i l l  a t t r i b u t e d  t o  reduct ion of t h e  
i n t e r n a l  bladder  volume t o  st "f lue" along t h e  withdrawal tube, due 
t o  i n t e r p l y  i n f l a t i o n  and/or bladder  r i g i d i t y .  The LH2 would have 
a tendency t o  stream from t h e  f i l l  l i n e  opening t o  t h e  vent  o r i f i c e .  

Removal of t h e  bladder  f o r  permeabi l i ty  t e s t i n g  revealed a .2 inch 
long tear ad jacent  t o  t h e  s t e m  assembly. P ly  1 w a s  removed and a 
subsequent perm6abi l i ty  t e s t  ind ica ted  a reduct ion  i n  t h e  l eak  rate 

./ t o  38 cc p e r  minute. 

Cycle 16: 

F i l l :  5%, us ing  LH2 precool  
Expulsion: 98% (nothing but gas) 
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Bladder B207 (Nomex/Kapton) 

Cycle 1'7: 

F i l l :  10% us ing  LH precool  and back p res su re  i n s i d e  of bladder ,  
Expulsion: Bladder began t o  co l l apse  i tself  aftelP 6 minutes of 2 

f i l l  t i m e :  i n t e r p l y  i n f l a t i o n  between P lys  2 (now o u t e r  ply)  
and 3 reached a degree where P ly  3 col lapsed t o  8% i n  4 minutes. 
An expuls ion cyc le  w a s  then i n i t i a t e d  by t h e  operator ,  and 95% 
expuls ion was a t t a i n e d  (mostly gas ) .  

Cycle 18: 

P i l l :  N o  more than 10% 
Expulsion: 98% (mostly gas) 

Cycles 19 and 20 (Outward Expulsion): 

P i l l :  99% 
Expulsion: 99% 
Permeabi l i ty  a f t e r  Cycle 20: 46 cc p e r  minute 

Outward expuls ion w a s  undertaken t o  overcome t h e  f i l l  problem. The 
bladder  w a s  capable  of a very high degree of col lapse,  so a 99% f i l l  
on t h e  ou t s ide  of t h e  bladder  w a s  r e a d i l y  achieved. The outward ex- 
pu ls ion  ac t ion  w a s  99% e f f e c t i v e .  Even i f  t h e  inner  p l y s  d id  not 
expand f u l l y ,  t h e  ou te r  p l y s  expanded f u l l y  and provided exce l l en t  
expuls ion.  

The maximum poss ib l e  i n t e r p l y  i n f l a t i o n  w a s  observed a f t e r  t h e  test  
series and as t h e  dewar  began t o  w a r m  up. The o u t e r  p l y  (Kapton) 
w a s  out  aga ins t  'the dewar, while  a l l  o t h e r  p l y s  were t o t a l l y  col lapsed.  

Cycle 21 (Inward Expulsion) : 

Pi l l . :  10% 
Expulsion: 98% 

Cycle 22 (Inward Expulsion): 

F i l l :  0 t o  5%, us ing  LH2 precool  
Expulsion: Bladder began t o  co l l apse  itself a f t e r  3 minutes of f i l l  

t ime;  i n t e r p l y  i n f l a t i o n  between P lys  2 (now o u t e r  p ly )  and 3 
reached a l e v e l  where P ly  3 col lapsed t o  15% i n  2 minutes. 
Upon opera tor  ac t iva t ion ,  97% expulsion (all  gas) w a s  then 
achieved 
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Bladder B207 (Nomex/Kapton) 

This  presented a quest ion:  where did t h e  15% (of to ta l  volume) 
between Plys  2 and 3 go when bladder co l l apse  a t t a ined  97% of 
t o t a l  co l l apse?  No s a t i s f a c t o r y  explanat ion t o  t h i s  phenomena 
can be presented. 

Cycle 23 (Inward Expulsion) : 

F i l l :  
Expulsion: 93% 

10%, us ing  LHz precool  and i n t e r n a l  back pressure  

C y c l e s  24 and 25 (Outward Expulsion): 

F i l l :  99% 
Expulsion: 99% 
F ina l  permeabi l i ty  a f t e r  25 cyc les :  80 cc  p e r  minute 

c.  Post-Test Condition 

So as t o  preserve  one bladder i n  an i n t a c t  condi t ion,  bladder B207 w a s  not 
d i ssec ted  following expulsion t e s t i n g .  Therefore, t h i s  bladder did not 
undergo a p l y  by p ly  examination. 

d e  Summary 

1. It w a s  impossible t o  f i l l  B207 t o  more than 15% of its t o t a l  
volume, i n  s p i t e  of use of a l l  p r a c t i c a l  measures t o  improve 
f i l l  behavior. This  could have r e su l t ed  from f 'a i lure  of t he  
inne r  p lys  t o  expand s a t i s f a c t o r i l y ,  due t o  r i g i d i t y  or i n t e r -  
p ly  i n f l a t i o n .  This could a l s o  have r e su l t ed  from a p a r t i a l  
condi t ion of t h e  phenomena descr ibed f o r  Bladder B102 i n  
Paragraph 4.5.2.2. . 

2. B l a d d e r  B207 p a r t i a l l y  expel led i t s e l f  during f i l l  i n  t w o  
d i f f e r e n t  cycles. 
a l l  o the r  plys,  r e s u l t i n g  i n  p a r t i a l  expulsion. Such ex- 
puls ion  followed a f t e r  LHz precool,  suggesting t h a t  some LHz 
may have penetrated t h e  ou te r  p ly  and then 

I n f l a t i o n  between the  outer p l y s  col lapsed 

I t  f lashed" i n t o  gas. 

3. This  bladder performed fou r  near-perfect  outward expulsion 
cyc les  (99% f i l l  and 99% expulsion), e l imina t ing  the  grossly 
p r o h i b i t i v e  f i l l  problem assoc ia ted  with f i l l i n g  LHz on t h e  
i n t e r i o r  of t h e  bladder.  
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4. This bladder exhib i ted  good inward expuls ion performance 
(95%) 9 

5. Bladder B207 had t h e  second lowest permeabi l i ty  rate (80 
cc pe r  minute) a f t e r  25 LH2 expuls ion cycles. 

6. Any unique behaviors of t h i s  bladder r e s u l t e d  from t h e  
material composite and were not due t o  bladder  design and 
f ab r i ea t ion .  
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4.5.6.2 Bladder B208 

a. I n i t i a l  Condition 

Th i s  b ladder  w a s  w i th in  s p e c i f i c a t i o n  and exh ib i t ed  e x c e l l e n t  workmanship. 

b. - LH2 Expulsion Tes t ing  

Bladder B208 incorporated the improved s t e m  seal. It w a s  i n s t a l l e d  i n  test  
dewar wi th  l i t t l e  d i f f i c u l t y ,  us ing  a l l  measures t o  assist bladder i n s t a l -  
l a t i o n .  A l l  cyc l e s  w e r e  inward expulsion, except as noted. 

Cycles 1 through 5: 

F i l l :  20%, 30%, 50%, 40%, and 50% 
Expulsion: 98% t o  99% 
Permeabi l i ty  af ter  Cycle 5: 1 . 7  cc p e r  minute (also see Figure 4.41) 

This  bladder immediately gave evidence of a s e r i o u s  f i l l  problem, 
d e s p i t e  t h e  use of s teady  and i n t e r m i t t e n t  back p res su re  i n  t h e  
bladder t o  he lp  expand the i n n e r  p l y s  of t h e  same. 

Cycles 6 through 10: 

F i l l :  25'10, except 35% f o r  Cycle 9 
Expulsion: 98% 
Permeabi l i ty  a f t e r  Cycle 10: 3 .4  cc p e r  minute 

F i l l  behavior remained very poor, d e s p i t e  use of back p res su re  i n  
bladder.  Permeabi l i ty  continued a t  a very low l e v e l .  

Cy,c les  11 through 15: 

F i l l :  60%, 65%, 75%, 70%, and 80% 
Expulsion: 98%, 98%, 98%, 95%, and 93% 
Permeabili ty a f t e r  Cycle 15: 5.8 cc p e r  minute 

The use of mZ precool on t h e  exterior of t h e  bladder ( i n  add i t ion  t o  
t h e  i n t e r i o r  back pressure)  provided f o r  some a d d i t i o n a l  f i l l  f o r  
Cycles 13 and 15. 
w a s  not  r e a d i l y  explained. It appeared that  t h e  f i l l  problem w a s  
due t o  a reduced i n t e r n a l  volume, r e s u l t i n g  from i n t e r p l y  i n f l a t i o n  
or from bladder r i g i d i t y .  The percentage of f i l l  w a s  too great t o  
suspec t  t h e  f i l l  phenomena indica ted  by B207. 

The genera l  increase i n  l i q u i d  f i l l  percentages 
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FIGURE 4.41 

PERhfEABILITY PROF1 OF B W D E R  B 2 0 8  
~NCMEXjE4.l?TON) 

LH Expulsion Cycles 2 
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B 1 adde r 320 8 (Nomex/Kap t on) 

P ly  1 had a .3 i n c h a l o n g  tear ad jacent  t o  t h e  s t e m  assembly. 
removed t o  enhance observa t ion  and because it w a s  f ea red  t h a t  it would 
become inac t ive .  

It w a s  

Cycles 16 through 20: 

F i l l :  5%, 25%, 5%> 5%, and 0 
Expulsion: 95%, 80%, 85%, 85%, and 85% 
Permeabi l i ty  af ter  Cycle 20: 115 cc p e r  minute 

The f i l l  performance again de t e r io ra t ed ,  i n  s p i t e  of t h e  use of LH2 
precool  and a back p res su re  on t h e  i n t e r i o r  of t h e  bladder,  Now t h a t  
t h e  opaque o u t e r  p l y  had been de le ted ,  it w a s  poss ib l e  tQ observe 
i n t e r p l y  i n f l a t i o n .  I n t e r p l y  i n f l a t i o n  d i d  not occur w h i l e  t h e r e  w a s  
LEI2 on t h e  ou t s ide  of t h e  bladder.  However, i n t e r p l y  i n f l a t i o n  began 
as soon as t h e  LH2 boi led  away. Since t h e  o u t e r  p l y  w a s  expanded out  

( p a r t i a l l y )  co l lapse ,  reducing t h e  i n t e r n a l  usable  volum.e of t h e  bladder.  
. aga ins t  t h e  dewar, t h e  i n t e r p l y  i n f l a t i o n  caused t h e  i n n e r  p l y s  t o  

Cycle 21 (Outward Expulsion) : 

F i l l :  98% 
Expulsion: 98% 

&tward expulsion a c t i o n  eliminated t h e  i n t e r p l y  i n f l a t i o n  which de- 
graded t h e  f i l l  percentage f o r  inward expulsion, 

P ly  2 (now t h e  o u t e r  p ly)  had a .4 inch long tear near  the s t e m  assembly 
and w a s  removed. 

F i l l :  20-25% i n  12 minutes (with LH2 precool) 
Expulsion: Bladder began t o  expel i tself  when LH2 had boiled away  

a f t e r  12 minutes of f i l l .  Th i s  a c t i o n  continued u n t i l  t h e  
i n n e r  p l y s  were t o t a l l y  co l lapsed ,  

This  expulsion f u r t h e r  demonstrated t h e  e x t e n t  of i n t e r p l y  i n f l a t i o n  
which followed t h e  presence of LH2. Considerable d i f f i c u l t y  w a s  ex- 
perienced i n  reducing t h i s  i n f l a t i o n  so t h a t  t e s t i n g  could be resumed. 
Cold H2 w a s  appl ied  t o  t h e  ou t s ide  of t h e  bladder a t  p re s su res  up t o  
6 p s i  before 8 reduct ion  i n  i n t e r p l y  i n f l a t i o n  w a s  achieved, 

In  view of the problems encountered i n  t h i s  cycle ,  it w a s  decided t o  
u t i l i z e  outward expulsion for a l l  remaining cyc les .  
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Bladder B208 (Nomex/Kapton) 

Cycles 23, 24, and 25 (Outward Expulsion): 

F i l l :  98% 
Expulsion. 98%, 98%, and 97% 
F i n a l  permeabi l i ty  a f t e r  25 cyc les :  240 cc p e r  minute 

These cyc le s  again demonstrated t h a t  t h e  serious problems of inward 
expuls ion a c t i o n  d id  not  ex i s t  €or outward expulsion. 

c. Post-Test Condition 

Bladder B208 w a s  permeabi l i ty  t e s t e d  i n  t h e  b e l l  jar  a f t e r  each succeeding 
ou te r  p ly  w a s  removed. The r e s u l t s  of t h i s  t e s t i n g  are shown i n  Figure 4,43, 
represent ing  t h e  increase i n  permeabi l i ty  f o r  t h e  reduct ion  i n  number of 
p lys .  The p r o f i l e  begins with t h e  permeabi l i ty  rate a f t e r  Ply 2 had been 
removed ( leaving  11 p lys  on t h e  bladder)  and terminates with t h e  permeabi l i ty  
rate a f t e r  P ly  9 w a s  removed ( leaving 4 p lys  on t h e  bladder) .  P lys  11, 12, 
and 13 had s u f f i c i e n t  damage t o  prevent a c q u i s i t i o n  of permeabi l i ty  rates. 

A l l  p l y s  were c a r e f u l l y  examined upon removal from t h e  bladder .  
shows t h e  damage t o  t h e  var ious  p l y s  which exhib i ted  v i s u a l  damage. Kapton 
Plys  3, 4, 5, 6, 8, 9, and 10 showed no s igns  of damage or  undue wear. 
Nomex Plys  7 and 13 showed considerable  p a r t i a l  pee l ing  of t h e  l a p  seam, 
averaging approximately - 4  inch l o  g and extending approximately one ha l f  

Figure 4.43 

( - 2 5  inch) through the  seam, i n  ad x i t i o n  t o  t h e  damage shown i n  Figure 4.43.  

Rectangular samples were c u t  from var ious  Kapton p l y s  i n  t h e  loca t ions  shown 
i n  Figure 4.27. Permeabi l i ty  tes ts  upon these  samples produced t h e  fol lowing 
r e s u l t s  : 

Leakage i n  cc p e r  Minute 

P ly  N o .  - 
2 

Stem A r e a  

17 50 

Po la r  Area 

0 12 

6 92 .28 

10 1600 330 

The above i n d i c a t e s  t h a t  t hese  p l y s  experienced more w e a r  i n  t h e  s t e m  area 
tban they d id  i n  t h e  area at or  near  t h e  p o l a r  cap. 
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FIGURE 4.42 

PEFUvlEAEiILITY VS. NUMBER OF PLYS: BLADDER B208 
(NOMEX/ KAPTON) 

13 10 5 1 

Number of P lys  Remaining on Bladder 
a t  Time of Permeabi l i ty  Tes t  

E -270 - I 
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FIGURE 4.43 

CONDITION OF PLYS: BLADDER B208 
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Bladder B 2 0 8  (Nomex/Kapton) 

d. Summary 

1. Bladder B 2 0 8  exh ib i t  very poor c h a r a c t e r i s t i c s  (average of 
36%) f o r  LH f i l l  on t h e  i n s i d e  of t he  bladder .  This  w a s  
a t t r i b u t e d  80 a reduct ion i n  t h e  i n t e r n a l  volume of t h e  
bladder due t o  extensive i n t e r p l y  i n f l a t i o n .  

2.  Nearly t o t a l  expulsion occurred during f i l l  (following e x t e r i o r  
LH cool down) i n  Cycle 22. This  was due t o  massive i n t e r p l y  
ing la t ion ,  bel ieved t o  r e s u l t  from LH2 permeation during t h e  
precool phase 

3. This  bladder exhib i ted  exce l len t  performance i n  four  outward 
expulsion cyc les .  None of t h e  preceding problems appeared 
during outward expulsion. 

4 .  This  bladder exhib i ted  good inward expulsion performance (95$), 

The t e s t i n g  of Bladders B207  and B208 produced t h e  following r e s u l t s :  

a .  

b. 

C.  

d. 

e. 

This  Nomex/Kapton mater ia l  composite produced very good inward 
expulsion a c t i o n  (96%) 

This  mater ia l  composite exhib i ted  very poor c h a r a c t e r i s t i c s  f o r  
LH f i l l  on t h e  in s ide  of t h e  bladder.  

The f i l l  problem of I t e m  b above was a t t r i b u t e d  t o  massive i n t e r p l y  
i n f l a t i o n ,  which was bel ieved t o  resu l t  from LH permeation through 
t h e  p l y s ,  followed by vaporizat ion and resul tan? i n f l a t i o n .  

2 

Excellent f i l l  and expulsion performance was exhib i ted  i n  outward 
expulsion ( l i qu id  ou t s ide  t h e  bladder and pressurant  appl ied 
in s ide  b ladder ) .  

Many of t h e  problems experienced on inward expulsion did not e x i s t  
during outward expulsion. 

It was not es tab l i shed  t h a t  t h e  Nomex s u b s t r a t e  p l y s  performed 
t h e i r  intended func t ion  of enhancing t h e  opera t ion  of t h e  Mylar 
ply s 
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f .  This mater ia l  composite r e f l e c t e d  good permeabili ty c h a r a c t e r i s t i c s ,  
exh ib i t i ng  t h e  second and fou r th  lowest permeabili ty r a t e  ( a f t e r  25 
LH expulsion cyc les )  of t h e  10 bladders .  

2 

g. These bladders  y ie lded  t h e  lowest average values  of poros i ty  up t o  
25 LH cycles  and a l s o  t h e  most cons is ten t  and r e l a t i v e l y  uniform 
poros i ty  values  a f t e r  25 LH cycles .  2 

2 

4 . 6  Analysis of Bladder T e s t s  

4 .6 .1  Evaluation of Tes t  Resul ts  

This subsect ion presents  a d e t a i l e d  ana lys i s  of t he  r e s u l t s  and da ta  of t he  
LH expulsion t e s t i n g  of t h e  bladders .  This  ana lys i s  shown i n  Table 4 . 2  
represents  e s s e n t i a l l y  a11 of t he  primary t e s t  da ta .  Values corresponding 
t o  the  var ious parameters and c h a r a c t e r i s t i c s  a r e  shown i n  adjoining columns 
f o r  each of t h e  b ladders ,  

2 

Table 4.2 presents  both s t a t i s t i c a l  information and eva lua t ion  based on 
judgement. T e s t  da t a  i s  presented i n  u n i t s  such a s  permeabili ty ( l eak )  
r a t e s  or percentages,  I t e m s  of a judgement nature  a r e  graded a s  t o  
exce l l en t ,  very good, good, f a i r ,  and poor, a s  noted a t  t h e  bottom of t h e  
t a b l e .  These judgements a r e  predicated upon a l l  per t inent  t e s t  observat ions 
and da ta .  The var ious values  were es tab l i shed  f o r  each bladder ind iv idua l ly ,  
and were not derived by comparison with o t h e r  bladders .  The da ta  pe r t a ins  
pr imari ly  t o  inward expulsion cyc le s ,  The cycle-by-cycle permeabi l i ty  
p a t t e r n  c o r r e l a t e s  t o  t h e  var ious permeabili ty p r o f i l e  f i g u r e s  of Subsection 
4.5,  while t h e  ply-by-ply permeabili ty p a t t e r n  c o r r e l a t e s  t o  t h e  permeabili ty 
versus number of ply f i g u r e s .  

4 6.2 Conclusions 

Analysis of t he  LH expulsion t e s t i n g  of t h e  bladders  has l e d  t o  t h e  
following conclusions,  These conclusions a r e  grouped i n  var ious ca t egor i e s  
which a r e  pe r t inen t  t o  evaluat ion of t hese  bladder t e s t s .  The mater ia l  
composites a r e  i d e n t i f i e d  by t h e i r  mater ia l  category and bladders  a r e  
r e fe r r ed  t o  by t h e i r  i d e n t i f i c a t i o n  number. 

2 

a .  Overall  Performance 

1. Bladder B206 (10 p l y s  of .25 m i l  Mylar C) produced t h e  bes t  
all-around and most t rouble- f ree  performance, This bladder 
exhib i ted  exce l len t  f i l l  and expulsion behavior and presented 
t h e  t h i r d  lowest helium permeation r a t e  (180 cc per  minute 
a f t e r  r e p a i r  of a s t e m  s e a l  l eak ) .  
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2 .  Bladder B205 (Mylar) produced good all-around performance 
except f o r  an excessive l eak  rate (28 l i ters  per minute) 
a r i s i n g  from pa r t i a l  f a i l u r e  of f i v e  of t h e  10 p l y s .  

3. Bladders 33207 and B208 (Kapton) yielded t h e  lowest average 
values  of poros i ty  up t o  25 LH2 cycles and a l s o  t h e  most 
cons i s t en t  and uniform poros i ty  values  a f t e r  25 LH2 cycles, 
F i l l i n g  and expel l ing  opera t ions  were completely t rouble-  
f r e e  during outward expulsion cycl ing.  

b . Operational Behavior 

1. Bladders exh ib i t i ng  t h e  bes t  expulsion percentages and 
exce l len t  expulsion behavior were: 

B l O l  (Merfab/Mylar) 

B206 (Mylar) 

2. The Nomex/Kapton ma te r i a l  composite (Bladders B207 and B208 
produced exce l len t  percentages of expulsion, but was v e r y  
suscep t ib l e  t o  se r ious  i n t e r p l y  i n f l a t i o n  when i n  t h e  inward 
expulsion mode. 

3. S a t i s f a c t o r y  expuls ion performance was not a s  d i f f i c u l t  t o  
a t t a i n  a s  s a t i s f a c t o r y  LH2 fill performance. 
expulsion percentage f o r  a l l  b ladders  was 85%, while t h e  
average f i l l  percentage was 71%. 

The average 

4.  The 10 p l y  .25 m i l  Mylar C mater ia l  composite (Bladders B205 
and B206) produced t h e  bes t  l i q u i d  f i l l  behavior. 99% LH2 
f i l l  was r e a d i l y  achieved without t h e  var ious unders i rab le  
c h a r a c t e r i s t i c s  exhib i ted  by o t h e r  mater ia l  composites 
t e s t e d .  

5. Some of t h e  mul t ip le  ply mater ia l  composites presented se r ious  
f i l l  problems a s  follows: 

Merf ab/Mylar: I n a b i l i t y  to  flow LH2 through bladder 
i n  22-ply conf igura t ion  due t o  highly 
advanced i n t e r p l y  i n f l a t i o n .  
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 TAB^ 4.2 

TABULATION OF EXPULSION TEST RESULTS 
(Based on inward expuls ion t e s t i n g  observa t ions)  

PARAMETERS 

1. CYCLES 

Number Completed 

% Expulsion 
% Expulsion - Last 
10 Cycles 

Expulsion Behavior 

7% Fill 

Fill Behavior 

Flow Characteristic: 

2. PERMEABILITY 

(cc/min) 

Pattern 

Post-Test Rate 

Cycle-by-Cycle 

Ply-by-Ply Pattern 

3 .  INTERPLY INFLATION 

Installation & 
Removal 

Operational 

4. PLY CONDITION AFTER 
TEST - 
Barrier Plys 
Near Stem 

At Polar Cap 

Other Areas 
Substrate Plys ' 

Near Stem 

At Polar Cap 

Other Areas 
Comparative Perm. 

At Stem 

At Polar Cap 
% Plys Retained & 
Effective 

BLADDERS 
I 

8101 - 

25 

98 

99 

Exce 

97 

Poor 

Poor - 

5800 

Fair 
-- - 

Poor 
Poor - 

Poor 

Good 

Exce 

Poor 

Poor 

Poor 

-- 
-- 

55 - 

8102 - 

25 

82 

68 

Poor 

76 

Poor 

Poor - 

18 

Good 
Fair - 

Poor 
Poor - 

Good 
Good 

VyGd 

Poor 

Poor 
Poor 

Poor 

Excel 

61 - 

8201 ' B202 
___e___ 

5 

95 

-- 
Good 

96 

Good 

Excel - 

500 

-- 
-- - 

Good 
Excel - 

Excel 
Excel 

Exce 1 

Good 

Excel 
Excel 

Fair' 

Fair' 

25 

81 

93 

Fair 

40 

Poor 

Good - 

3300 

Good 
Poor - 

Fair 
Fair - 

Good 

Good 
Good 

Good 

Good 
Good 

-- 
-- 

92 

8203 1 8204 
I 

15 25 

80 67 

85 91 

Good Fair 

77 73 

Fair Fair 

VyGd Good 

18000 17000 

Poor VyGd 
-- -- 

VyGd Poor 
VyGd Fair 

Poor 

Code for bladder ratings: 

Excel (excellent); VyGd (very good), Good; Fair, and Poor 

- 
8205 - 

25 

86 

94 

VyGd 
99 

Exce 

Exce - 

8000 

VYM 
-- - 

Poor 
Exce - 

Poor 

Exce. 

Exce 

-- 
-- 
-- 

-- 
-- 

50 

- 
5 

25 

95 

95 

Excel 

99 

Excel 

Excel 

180 

Good 
Good - 

Good 
Excel - 

Good 

Good 
Good 

-- 
-- 
-- 

Excel 

Poor 

80 - 

- 
B208 - 

25 

95 

90 

Fair 

36 

Poor 

Good 

240 

Good 
Fair - 

Fair 
Poor - 

Fair 

Exce 

Fair 

Good 

Good 
Fair 

Poor 

Exce 

85 - 

*After r e p a i r  of s t e m  seal l eak ,  leakage immediately 
a f t e r  LH2 cyc l ing  was 428 cc/min. 

**Dissection of bladder  a f t e r  t e s t i n g  not performed. 
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Nomex/Mylar : Average LH2 f i l l  percentage of 49% due 
t o  reduced i n t e r n a l  volume caused by 
i n t  e rp ly  i n f l a t i o n ,  improper nes t ing  of 
p lys  or r i g i d i t y  of mater ia l  composite 
a t  LH2 temperature e 

Dacron/Mylar: Generally poor f i l l  performance suspected 

2 
t o  be due t o  mater ia l  r i g i d i t y  a t  LH 
temperature. 

Nomex/Kapton: Very poor f i l l  behavior a t t r i b u t e d  t o  
reduct ion of i n t e r n a l  volume due t o  
massive i n t  e rp ly  i n f l a t i o n .  

2 A l l  of t h e  above tendencies  occurred only during LH 
f i l l  f o r  inward expulsion. 

6. The degree of l i q u i d  fill f o r  bladders  of t h e  above ma te r i a l s  
was o f t e n  increased by precooling t h e  ou t s ide  of t he  bladder 
wi th  LH2. 
i n t e r p l y  i n f l a t i o n  due t o  t h e  condensing of t h e  i n t e r s t i a l  
gases.  

This r e su l t ed  i n  a reduct ion (or el iminat ion)  of 

c ,  Permeabi l i ty  

1. The bes t  ( lowest)  permeabili ty was exhib i ted  by Bladder B102 
(merfab/Mylar) followed by B207 (Nomex/Kapton). 

2 .  A leakage l e v e l  a t  which f u r t h e r  expulsion i s  impossible was 
not es tab l i shed  f o r  a l l  b ladders .  Bladder B203 (Dacron/Mylar) 
was incapable of expulsion a t  a l eak  r a t e  of 28 l i t e rs  per  
minute, while B205  (Mylar) expel led up t o  9890 with an 
i d e n t i c a l  l eak  r a t e .  This  might be explained by t h e  much 
g r e a t e r  r i g i d i t y  ( a t  LH2 temperature) of t h e  Dacron. 

d. In t e rp ly  I n f l a t i o n  

1. In t e rp ly  i n f l a t i o n  i s  a problem of considerable  magnitude 
which r equ i r e s  spec ia l  cons idera t ion  i n  t h e  s e l e c t i o n  of 
mater ia l  composites and expulsion methods f o r  cryogenic 
expulsion bladders .  

2.  Almost a l l  of t h e  opera t iona l  problems of t hese  m u l t i - p l y  
bladders  can be a t t r i b u t e d  pa r t ly  or e n t i r e l y  t o  i n t e r p l y  
inf  1 a t  i on  
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3. In t e rp ly  i n f l a t i o n  was ind ica ted  t o  be a func t ion  of t h e  
number of plys:  The 22-ply Merfab/Mylar composite experienced 
very advanced opera t iona l  i n t e rp ly  i n f l a t i o n ,  while t h e  10-ply 
Mylar mater ia l  composite exhib i ted  t h e  l e a s t  i n f l a t i o n ,  

4 .  In t e rp ly  i n f l a t i o n  was more prevelant  i n  t h e  bladders  with 
Nomex s u b s t r a t e  p lys  than i n  t h e  bladders  without s u b s t r a t e  
PlYS. 

5. Increased in t e rp ly  i n f l a t i o n  occurred between Kapton p l y s  
(of Bladders B207 and B2089 immediately following t h e  boi l -  
o f f  of any LEI2 i n  contac t  with t h e  bladder .  This  suggested 
t h a t  t h e  LH2 permeation r a t e  through Kapton i s  SignifiCan$ 
o r  t h a t  f i l m  damage a f t e r  cyc l ing  was not a s  severe f o r  Mylar 
and hence Kapton would be able,  t o  r e t a i n  trapped in te r -p ly  
gases  a longer  per iod of t ime. 

e. Subs t ra te  P lys  

1. It w a s  not poss ib le  t o  e s t a b l i s h  t o  what degree t h e  s u b s t r a t e  
p lys  (Merfab, Nomex, or Dacron) performed t h e i r  intended 
func t ion  of enhancing t h e  f l e x  performance of t h e  b a r r i e r  
PlYS. 

2 .  Though the  Merfab s u b s t r a t e  p lys  suf fered  massive damage 
under LH cycl ing,  t h e  bladders  u t i l i z i n g  t h i s  mater ia l  
demonstrated some c h a r a c t e r i s t i c s  super ior  t o  Mylar p lys  
only.  Therefore,  t h e  inves t iga t ion  of Merfab a s  a 
s u b s t r a t e  ply should not be terminated because of a l ack  
of evidence a s  t o  i t s  meri t .  

2 

3. The Nomex s u b s t r a t e  p lys  were bel ieved t o  cont r ibu te  t o  
i n t e r p l y  i n f l a t i o n  i n  the  inward expulsion mode, However, 
u t i l i z a t i o n  of t h e  outward expulsion mode el iminated t h i s  
problem, while s t i l l  tak ing  advantage of t h e i r  abrasion 
sh ie ld ing  p o t e n t i a l .  

2 
4 .  The Dacron s u b s t r a t e  p lys  were r ead i ly  penetrated by LH 

and helium gas,  and thus  presented problems of un i f i ed  
bladder ac t ion ,  The weight of t h e  Dacron f a b r i c  t e s t e d  
r e su l t ed  i n  considerable  mater ia l  r i g i d i t y  a t  LH tempera- 
t u r e  

2 
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f .  General 

1. 

2. 

3 .  

4 .  

5. 

Many of t h e  test  problems assoc ia ted  with these  
be a t t r i b u t e d  d i r e c t l y  t o  t h e  use of t h e  inward 
expulsion. S u f f i c i e n t  outward expulsion cyc les  

bladders  must 
mode of 
were performed 

t o  i n d i c a t e  v i r t u a l  e l imina t ion  of flow, f i l l ,  and expulsion 
problems due t o  i n t e r p l y  i n f l a t i o n .  

The r e s t o r a t i o n  of Bladder B l O l  (Merfab/Mylar) t o  exce l l en t  
performance was accomplished by t h e  removal of nine of 22 
o r i g i n a l  p lys  a f t e r  Cycle 5. This  suggested t h a t  t h e  optimum 
number of p lys  f o r  t h e  Merfab/Mylar composite is  nearer  t o  14 
than t o  22. 

The small s i z e  of t hese  bladders  may have cont r ibu ted  t o  poor 
LH f i l l  behavior of t h e  Nomex/Mylar and Dacron/Mylar bladders ,  
The improper nes t ing  of plys  and excess s u b s t r a t e  p l y  r i g i d i t y  
should be less s i g n i f i c a n t  i n  l a r g e r  bladders.  The "tacking" 
of a11 bladder p l y s  a t  s e l ec t ed  poin ts  might be of bene f i t  i n  
con t ro l l i ng  these  behaviors.  

2 

The performance of a l l  seams was outs tanding,  except f o r  a 
number of shor t  pee ls  through t h e  l a p  seams of t h e  Nomex p l y s  
of s eve ra l  bladders .  These Nomex p lys  a l s o  exhibi ted con- 
s ide rab le  peel ing p a r t i a l l y  through t h e  l a p  seams. 

The predominate a rea  f o r  ply wear and damage w a s  not f u l l y  
e s t ab l i shed .  The var ious p lys  of Bladders B102 and B207 
exhib i ted  t h e  most damage i n  t h e  a rea  adjacent t o  t h e  stem 
assembly, while Bladders B201, B204, and B206 exhib i ted  more 
damage i n  or near  t h e  polar  cap. Damage i n  t h e  stem a rea  
must be p a r t i a l l y  a t t r i b u t e d ,  i n  varying degrees,  to problems 
of repeated i n s t a l l a t i o n  i n t o  and removal from t h e  t e s t  dewar 
f o r  permeabili ty t e s t i n g .  
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5 * 0 RECONrmENDAT IONS 

The following general  and s p e c i f i c  recommendations a r e  made with respec t  
t o  f u t u r e  cryogenic expulsion bladder development programs. 

5 , l  Gederal Recommendations 

a .  Additional bladders  of i d e n t i c a l  or s imi l a r  ma te r i a l s  
s e l ec t ed  i n  t h i s  program should be t e s t e d  t o  provide 
da ta  on r e p e a t a b i l i t y  and r e l i a b i l i t y .  A t  least f i v e  
bladders  of one type a r e  necessary t o  assure  t h a t  
expulsion c h a r a c t e r i s t i c s  and da ta  can be co r re l a t ed  
and t h e  bes t  bladder s e l ec t ed .  

b. The following bladders  a r e  recommended t o  augment t h e  
bladders  t e s t e d  i n  t h i s  program and t o  f u r t h e r  i nves t i -  
g a t e  minor improvements i n  mater ia l  composites suggested 
by test r e s u l t s .  

-25  m i l  Mylar C, 10 plys  ( i d e n t i c a l  t o  B205 and B206). 

.5 m i l  Kapton H, 10 plys .  

Because of t h e  exce l len t  performance of t h i s  mater ia l  
i n  t h e  Nomex/Kapton bladders ,  it should be t e s t e d  alone 
t o  provide v i s i b i l i t y  of f i l m  ac t ion  and t o  compare 
cycle l i f e  with t h e  Nomex/Kapton ma te r i a l .  When Kapton 
can be obtained i n  .25 m i l  th ickness ,  it should a l s o  
be evaluated.  

Nomex/Kapton ( i d e n t i c a l  t o  B207, B208). This  ma te r i a l  
needs t o  be t e s t e d  i n  a bladder i n  which outward expulsion 
cyc l ing  i s  t h e  primary mode of opera t ion .  Bladders B207 
and B208 i n  t h i s  program received e spec ia l ly  harsh 
treatment i n  t h e  course of overcoming in t e rp ly  i n f l a t i o n  
r e s u l t i n g  from the  condi t ions  required by inward expulsion. 
The test r e s u l t s  ind ica ted  a p o t e n t i a l l y  good bladder 
mater ia l  

Merf ab/Mylar, 14 p lys  

Additional bladders  of t h i s  mater ia l  composite should 
be t e s t e d  using a v a r i a t i o n  i n  ply arrangement t o  
e l imina te  t h e  poor c h a r a c t e r i s t i c s  and improve t h e  
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5 a 1 General Recommendat ions  (continued) 

good q u a l i t i e s  shown i n  the  test r e s u l t s  of 
Bladders B l O l  and B102. The number of p lys  
should be reduced t o  no more than  14 and t h e  
o u t e r  p lys  should be Mylar with a l t e r n a t i n g  
Mylar and Merfab inner  plys .  

c .  The outward expulsion mode of opera t ion  should be spec i f i ed  
f o r  f u t u r e  mult iply ply bladders  un le s s  improved dewar design 
e s s e n t i a l l y  e l imina tes  a l l  heat  input .  Many of t h e  problems 
assoc ia ted  with cycl ing t h e  bladders  i n  t h i s  program were 
a t t r i b u t e d  t o  i n t e r p l y  i n f l a t i o n  which is  exaggerated by a 
f u l l y  expanded bladder during inward expulsion. Although a 
f u l l y  expanded bladder is  des i r ab le  f o r  long term s to rage  
w i t h  regard t o  wrinkle-free mater ia l ,  t he  heat  t r a n s f e r  
through t h e  conta iner  wall  and r e s u l t a n t  i n t e rp ly  i n f l a t i o n  
may negate t h i s  advantage. T e s t s  have shown t h a t  a 
co l lapsed  bladder i n  a dewar f u l l  of l i q u i d  using outward 
expuls ion w i l l  e l imina te  t h e  problem of i n t e r p l y  i n f l a t i o n .  
(Ref. 11). 

d. A c l e a r  g l a s s  dewar should continue to  be used f o r  a l l  
cryogenic expulsion bladder t e s t i n g .  Observation of t h e  
bladders  and ind iv idua l  p lys  is  necessary f o r  t h e  under- 
s tanding of the  expulsion cyc l ing  ac t ion .  Conclusions 
and recommendations a r e  based not only upon s p e c i f i c  
t e s t  da ta  but a l s o  from observat ions of bladder performance, 

e .  Any new polymeric ma te r i a l s  which appear t o  have promise 
for  cryogenic expulsion bladders  should be evaluated by 
use  of t he  Twist-Flex test and co r re l a t ed  w i t h  permeabili ty 
measurements s i m i l a r  t o  methods used i n  t h i s  program. A t  
t h e  present  time, a l l  known p o t e n t i a l  ma te r i a l s  commercially 
ava i l ab le  have been evaluated a s  f l a t  samples and many of 
t h e  best have been t e s t e d  a s  bladders .  

5 + 2 Spec i f i c  Program Recommendat ions  

It is  recommended t h a t  t h e  following programs be undertaken t o  t a k e  
advantage of t h e  advances i n  cryogenic technology achieved by t h e  past  
program e 
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5.2 .1  Bladder Test ing Program 

A bladder t e s t i n g  program i s  recommended t o  consol ida te  t h e  experience 
and understanding of multiple-ply cryogenic bladders  acquired i n  t h i s  
program. It i s  necessary t o  test  a s u f f i c i e n t  number of i d e n t i c a l  or 
s i m i l a r  b ladders  of t he  type t e s t e d  i n  t h i s  program t o  confirm t h e  
r e s u l t s  with s t a t i s t i c a l  da t a  f o r  r e p e a t a b i l i t y  and/or r e l i a b i l i t y .  

The test  program should conform t o  t h e  present  t e s t  plan of Sec t ion  4.0 
with the  following except ions.  

a. The primary mode of expulsion should be outward. 

b.  The bladders  should be ambient temperature l eak  checked i n  
t h e  g l a s s  dewar a t  i n t e r v a l s  of approximately e ight  expulsior, 
cyc les ,  e l imina t ing  the  need f o r  excessive handling by t o t a l  
removal from t h e  dewar. 

c. The mass spectrometer l acks  t h e  q u a n t i t a t i v e  measurement 
achieved by t h e  b u r e t t e  method i n  Paragraph (b) above, and 
the re fo re  i s  not recommended. 

d. Increase motion p i c t u r e  coverage by a permanent explosion- 
proof camera and l i g h t i n g  i n s t a l l a t i o n  would provide b e t t e r  
v i sua l  documentation of bladder cycl ing ac t ion .  

5 2 2 Future Programs 

Subsequent t o  t h e  proposed program of Paragraph 5.2.1,  t h e  following 
programs a r e  recommended which w i l l  l o g i c a l l y  lead  t o  the  u l t ima te  goal 
of space f l igh t  expulsion bladder s y s t e m s .  

a .  A study should be conducted t o  e s t a b l i s h  opera t iona l  parameters 
and mission p r o f i l e s  f o r  present  and f u t u r e  space vehic les  i n  
which cryogenic expulsion bladders  could be u t i l i z e d ,  Acceptable 
permeabili ty values ,  cyc le  l i f e  requirements, bladder s i z e ,  
environmental condi t ions,  e t c .  a r e  e s s e n t i a l  parameters required 
i n  determining whether t h e  present  s ta te -of - the-ar t  could 
j u s t i f y  using present ly  developed ma te r i a l s  and bladders.  
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b. A self-contained cryogenic expulsion bladder system should be 
designed, f ab r i ca t ed  and t e s t e d  a s  a prototype u n i t  f o r  a 
s p e c i f i c  space veh ic l e  appl ica t ion .  Test ing should include 
not only f l e x i b i l i t y  and permeabi l i ty  measurements but  a l s o  
s lo sh  and v i b r a t i o n  d a t a ,  

c. A f l i g h t  test  program should be i n i t i a t e d  using t h e  prototype 
u n i t  developed i n  Paragraph (b) above, or a s p e c i a l l y  designed 
f l ight-weight  s y s t e m .  The f l i g h t  t e s t i n g  could be accomplished 
i n  a KC135 j e t  a i r c r a f t  f l y i n g  a parabol ic  f l i g h t  path i n  which 
an expulsion cyc le  could be accomplished during t h e  t i m e  element 
of zero g rav i ty .  

d.  Concurrently w i t h  t h e  development of f l igh tweight  sys t ems ,  a l l  
new ma te r i a l s  should continue t o  be evaluated toge ther  w i t h  
b ladder  f a b r i c a t i o n  processes.  Although present  ma te r i a l s  a r e  
probably s a t i s f a c t o r y  f o r  c e r t a i n  appl ica t ions ,  t h e  improvement 
i n  permeabi l i ty  and t h e  proof of r e l i a b i l i t y  w i l l  expand t h e  
p o t e n t i a l  app l i ca t ions .  

e. Qua l i f i ca t ion  t e s t i n g  of ma te r i a l s ,  bladders  and f a b r i c a t i o n  
techniques should be accomplished through regular  t e s t i n g  
procedures using s tandard s i z e  ma te r i a l s  and bladders  f o r  
reasons of c o r r e l a t i o n .  The 4 x 11 inch  f l a t  samples and 
11.5 inch diameter bladders  a r e  recommended because of t h e  
present ly  a v a i l a b l e  da t a .  
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A l l  samples t e s t e d  and reported on i n  t h i s  s e c t i o n  have been t e s t e d  i n  l i q u i d  
hydrogen except as noted. The only l i q u i d  n i t rogen  t e s t e d  samples a r e  t h e  
. 5  m i l  Kapton samples T209, T210, T211. 

Following t h e  d e t a i l  da ta ,  a general  summation of t h e  r e s u l t s  f o r  t h a t  
p a r t i c u l a r  group i s  provided except where each sample i s  descr ibed i n  d e t a i l .  
The c h a r a c t e r i s t i c  f a i l u r e  of a l l  samples of a type made it f e a s i b l e  t o  
summarize t h e  test  r e su l t s  f o r  t h e  e n t i r e  group. 

* An a s t e r i s k  a f t e r  permeabili ty da t a  ind ica t e s  excessive leakage measured 
a s  t h e  number of seconds t o  reduce H pressure of one p s i  t o  zero on one e s i d e  of sample. 

The f i g u r e s  l i s t e d  i n  columns under each sample desc r ip t ion  a r e  a s  fol lows:  

1st Permeabili ty 2nd Permeabili ty Number of 
Sample No, (before  cyc l ing)  ( a f t e r  cyc l ing)  Cycles Comments 

T l O l  Descr ipt ion 

-3 

-7 

-8 

30 p l y s  of .10 m i l  polyethylene 
P la in  f i l m  - no seams 
Thermally sealed with t ape  around a l l  edges 
Tested i n  l i q u i d  hydrogen 

Stopped f o r  v i sua l  check a t  25 and 100 cyc les .  
One inch s p l i t  from top  edge occurred p r i o r  t o  
200 cyc les .  Corner t o r n  of f  and small  t e a r  i n  
sur face  by code number. S t icky  area  by t e a r .  
Permeabili ty check impossible a f t e r  t e s t i n g .  

Stopped a t  25 and 100 cycles .  Outer ply t o r n  
a f t e r  100 cyc les  i n  a long t e a r  from top  cen te r  
t o  l e f t  end and back t o  bottom cen te r .  Tear 
a l s o  on back o u t e r  two p l y s  above lower clamp. 
Permeabili ty test shows f i v e  bubbles p e r  minute, 

Checked a t  25 cyc les .  S ix  t e a r s  present .  One 
t e a r  from t o p  seam 1-1/2 inches long i n  back 
t h r e e  or more p l y s  extending diagonally from 
top .  Two t e a r s  through bottom seam. One t e a r  
from r i g h t  edge about one inch long. 

This mater ia l  and edge seaming method showed t h e  most f l e x i b i l i t y  i n  handling 
s ince  t h e r e  was no bu i ld  up of th ickness  a t  t h e  seams. Apparently a 
r e in fo rc ing  p l y  of scrim ma te r i a l s  i s  needed t o  he lp  e l imina te  t h e  t ea r ing .  
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T102 Descr ip t ion  

30 p l y s  of .15 m i l  Mylar C 
P l a i n  f i l m  - no seams 
Edges seamed wi th  S114 adhesive between each p ly  
Tested i n  l i q u i d  hydrogen 

-2 -- -- 0 Break i n  end seam which propagated and t o r e  through 
seam approximately one inch  during mounting of 
sample i n  twist-f  l e x  apparatus  Sample not  tested 

-- 0 Edge seams t o o  s t i f f  f o r  twis t - f lex  t e s t i n g .  Sample 
not  t e s t e d  because of i n e v i t a b l e  f a i l u r e .  Saved f o r  
later cons idera t ion  and poss ib l e  removal of end 
seams 

The very s t i f f  end seams t o r e  i n  two p laces  on each 
end s topping test  i n  t w o  cyc les .  Permeabi l i ty  check 
a f t e r  test impossible. 

-- -3 

2 I- -- -4 

The extremely heavy edge seams caused by t h e  build-up of adhesive between each 
of t h e  30 p lys  and c los ing  t a p e  w a s  approximately 48 m i l s .  Th is  th ickness  c a n i  
not  be t o l e r a t e d  at cryogenic  temperatures and t h i s  seaming method cannot be 
used for f u t u r e  samples. 

T103 Descr ip t ion  

30 p lys  of a l t e r n a t i n g  f i l m s  of . l o  m i l  Poly and .15 m i l  Mylar C 
P l a i n  f i l m  - no seams 
Edges seamed between p l y s  with 23110 adhesive 
Closing t a p e  sea led  with S114 adhesive 
Tested i n  l i q u i d  hydrogen 

-1 -- -- 200 Stopped sample a t  5, 10, 25, 100 and 200 cyc les .  Two 
s p l i t s  i n  end seam f a i l e d  t h e  sample. Adhesive ap- 
parent  a t  every break and along seam areas, Permea- 
b i l i t y  test  showed no de tec t ab le  l eak  through area of 
sample. 

cyc les .  End s p l i t  one inch long discovered when 
sample removed. Four s m a l l  tears i n t o  seam. TWO 
p a r t i c l e  breaks i n  seam from r i g h t  edge. One long 
break i D  back p l y s  about s i x  inches from l e f t  end. 
N o  permeabi l i ty  check poss ib le .  

35 Five tears through edge seam. One tear 1.5 inches 
long from r i g h t  end., One tear through l e f t  end -9 
inches  long. Three p a r t i a l  breaks through seam. 

100 Checked a t  25 cyc les .  F a i l u r e  of p l y  not iced a t  90 -2 -- -- 

-- -- -3 
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The edge seam of thesemate r id l samples  w a s  q u i t e  t h i c k  but  not as stiff as 
T102. The material w a s  very f l e x i b l e  and cyc le  l i f e  shows some promise. 
The edge seams must be reduced i n  th ickness  and i n  s t i f f n e s s  t o  improve t h i s  
material 

T104 Descr ip t ion  

30 p l y s  of .10 m i l  polyethylene and .15 m i l  Mylar C 
Between t h e  .10 m i l  Poly f i l m  are 40 den ie r  HT f i b e r s  on 1/8" c e n t e r s  
Between any t w o  poly f i l m s  is  a .15 Mylar f i l m  
Outer f i lms  are .15 Mylar 
Edges seamed between poly and Mylar w i th  SllO adhesive 
Closing tape  sealed wi th  S114 adhesive 
Tested i n  l i q u i d  hydrogen ~ 

-- -3 . 

200 

200 

200 

Checked at 10 cyc le s  and observed continuously.  N o  
s e r i o u s  f a i l u r e s  not iced except f o r  minor creases 
i n  edge seam at  many po in t s .  Permeabi l i ty  check 
showed fou r  bubbles p e r  minute rate. 

Checked a t  25 and 100 cyc le s  and during e n t i r e  run. 
Outer p l y  pea l ing  back near  code number a t  90 cycles .  
Run continued s ince  o the r  p l y s  appeared t o  be OK. 
Three end breaks i n  l e f t  edge and one i n  r i g h t  end. 
Seam delamination apparent at many po in t s .  T e a r  i n  
o u t e r  p l y  on back s ide .  Permeabi l i ty  t e s t  ind ica ted  
1 .5  bubbles p e r  minute. 

Stopped for v i s u a l  check at 25, 50, and 100 cycles .  
P a r t i a l  breaks i n  end seams. Permeabi l i ty  rate two 
t o  t h r e e  bubbles pe r  minute. 

This  material appeared t o  be t h e  most s a t i s f a c t o r y  of t he  fou r  materials t e s t e d  
of th is  group. Improvement i n  t h e  adhesive or seaming method t o  reduce t h e  
s t i f f n e s s  and some v a r i a t i o n s  of laminat ion o rde r  of p lys  may improve t h i s  
material. 
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T105 Descr ipt ion 

-1 ,0036 

-2 .0043 

-3 .029 

-4  .0013 

-5 e 0086 

-6 e 003 

-7 .011 

-8 .0015 

-9 a 0043 

65% 

3 5* 

33* 

29 

056 

e 93 

.026 

.012 

e 034 

Excel lent  appearing 
seams and material 

APPENDIX A (CONT) 

Simi la r  t o  TlOl w i t h  add i t ion  of f i b e r s  
30 p lys  of .10 m i l  polyethylene assembled i n t o  15 Merfab 

Edges seamed with SllO adhesive between each p l y  
Closing tape  around edges of sample 

elements with 40 den ie r  HT (nylon) f i b e r s  l/S" on c e n t e r s  

200 

200 

200 

100 

100 

100 

50 

50 

50 

S p l i t  from upper clamp t o  lower clamp area 3" 
from r i g h t  end f r o n t  s ide .  

S p l i t  across upper clamp area t o  edge 3" from 
r i g h t  end. S p l i t  across both ends at lower 
clamp area .  

S p l i t  across  r i g h t  end cap. S p l i t  across f r o n t  
s i d e  from upper t o  lower edge 4" from r i g h t  end. 

S p l i t  a t  r i g h t  and l e f t  end edges also 1" s p l i t  
a t  lower r i g h t  corner f r o n t  side 1/2" up from 
edge 

S p l i t  at r i g h t  and l e f t  end edges - no o ther  
v i s i b l e  damage. 

S p l i t  at r i g h t  and l e f t  end caps. 

N o  v i s i b l e  change. 

N o  v i s i b l e  change. 

S p l i t  a t  lower r i g h t  end f r o n t  s i d e  2" long 
also s p l i t  on r i g h t  and l e f t  end caps - s l i g h t  
i n f l a t i o n  a 

material wi th  wrinkled but s o f t ,  smooth sur face .  Edge 
f l e x i b l e .  Very s a t i s f a c t o r y  except f o r  t he  high permea- 

b i l i t y  following t e s t i n g .  
though permeabi l i ty  might i n d i c a t e  s p l i t s  i n  a l l  f i l m  p lys .  

S p l i t t i n g  of f i l m  apparent ly  on ou te r  plys ,  al- 
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T106 Descr ipt ion I d e n t i c a l  t o  T105 with t h e  add i t ion  of .10 m i l  polyethylene 
f i l m  p l y  between each Merfab element 

30 p l y s  of polyethylene 
Edges seamed wi th  SllO adhesive and taped 

-1 -0053 102* 200 S p l i t  across  upper edge 2" from r i g h t  end. 
Various breaks on f r o n t  s i d e  2.5'' from r i g h t  
end i n  c e n t e r  area. Breaks across  r i g h t  end 
cap upper and lower edge area. 

-2 ,017 92* 200 S p l i t  across l e f t  end cap upper and lower edge 

-3 D 020 5* 200 S p l i t  a long lower edge 3" from l e f t  end. S p l i t  

area e 

v e r t i c a l  and ho r i zon ta l  at lower le f t  end 1/2" 
i n  from corner .  

Appearance i d e n t i c a l  t o  T105 and r e s u l t s  very similar.  Permeabi l i ty  r e l a t i v e l y  
high.  Addition of Myla r  f i l m  p l y  would reduce permeabi l i ty .  

T107 Descr ip t ion  I d e n t i c a l  t o  T104 except edges of p l y s  w e t t e d  with adhesive 
SllO adhesive used 
Closing tape  

-1 ,012 .013 200 S p l i t  3" long on f r o n t  s i d e  s t a r t i n g  a t  lower edge 

S p l i t  1.5" long on back f a c e  about 
Also s p l i t  

4" from l e f t  end and running up toward i d e n t i f i -  
c a t i o n  number. 
1" f r o m  lower edge a t  cen te r  of s t r i p .  
on back s i d e  below i d e n t i f i c a t i o n  number. 

-2 .0076 .014 200 S p l i t  on back s i d e  s t a r t i n g  at upper r i g h t  end 
1" i n  from end running down across  s t r i p  5" long. 

-3 .0076 -010 200 Three s p l i t s  on f r o n t  s i d e  at l e f t  end cap across  
f a c e  at cen te r  area, a t  lower edge i n  cen te r  and 
a t  lower edge r i g h t  end. Same on back s i d e ,  

-270 - 1  

Extremely s o f t ,  smooth and f l e x i b l e  material and edge seams. Permeabi l i ty  
improved over o t h e r  pure polyethylene samples by the add i t ion  of Mylar f i l m .  
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Tl08 Descr ipt ion 30 p lys  of f i l m  t o t a l  cons i s t ing  of 12 p l y s  of .15 m i l  
Mylar and 16 p lys  of .10 polyethylene '  

Two outs ide  p lys  of Merfab elements 
Four groups of a1 t e r n a t  ing  Mylar/Poly/Mylar/Poly/Mylar 
5114 c los ing  t a p e  and adhesive 
SllO adhesive between se l ec t ed  p lys  

-1 .0093 ,005 200 N o  v i s i b l e  change a f t e r  cyc l ing  

-2 .004 .0036 200 S p l i t  a t  upper edge 2" from r i g h t  end 

-3 .00066 .013 200 S p l i t  on forward s i d e  at upper edge 4" from 
r i g h t  end and lower edge 2" from l e f t  end, 
Back s i d e  has  s p l i t  almost f u l l  l ength  at  
upper edge. 

Extremely s o f t ,  smooth and f l e x i b l e  material and edge seams. Permeabili ty 
extremely low. 

T109 Descr ipt ion 30 p lys  of .15 m i l  Mylar C 
Each p ly  90 degree machine d i r e c t i o n  
SllO adhesive between p lys  a t  edges 
S114 c los ing  t ape  and adhesive 

-1 0 .003 200 Numerous wrinkles - no v i s i b l e  damage 

-2  0013 .0016 200 Numerous wrinkles  - no v i s i b l e  damage 

-3 .0013 0 200 Numerous wrinkles  - no v i s i b l e  damage 

Typical Mylar  multi-ply sample with good permeabi l i ty  fo l lowing-  tw i s t - f l ex  
t e s t i n g .  Seam ext remely  f l e x i b l e .  

T l l O  Descr ipt ion Same as T109 except 10 p lys  of -15 m i l  Mylar  C 

-1 0 .006 200 Numerous wrinkles  - no v i s i b l e  damage 

-2 .039 --- --- This sample not t e s t e d  - t o  be replaced 

-3 0 ,00066 200 Numerous wrinkles  - no v i s i b l e  damage 

E-270 - 1  

Typical Mylar multi-ply sample with good permeabi l i ty  fol lowing tw i s t - f l ex  
t e s t i n g .  Seams extremely f l e x i b l e .  
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T l l l  Descr ipt ion A 30 p l y  sample composed of 14 p l y s  of .15 m i l  Mylar C 
and 16 p l y s  of .10 m i l  polyethylene ' 

Outer p l y s  Mylar 
Inner p l y s  a l t e r n a t i n g  Merfab elements wi th  Mylar f i l m s  

-1 0 ,005 200 Numerous wr inkles  - no v i s i b l e  damage 

-2 e 013 .037 200 Numerous wr inkles  - no v i s i b l e  damage 

-3 .031 .052 200 Numerous wr inkles  - no v i s i b l e  damage 

Extremely s o f t ,  smooth and f l e x i b l e  material and edge seams. Permeabili ty 
h igher  than  some o t h e r  pure  Mylar samples otherwise s i m i l a r .  

T112 Descr ipt ion Same as T l l l  except only 6 Mylar and 8 poly € i l m s  
Inner p l y s  grouped i n t o  t w o  groups of Mylar/Merfab/Myl.ar 

-1 ,009 .085 200 S p l i t  of lst,  2nd and 3rd  p l y  a t  lower l e f t  
corner 

-2 .008 ,056 200 Numerous wr inkles  - no v i s i b l e  damage 

-3 0 .18 200 S p l i t  f u l l  l eng th  except end seams on back p l y o  
S p l i t  ac ross  end seam a t  upper r i g h t  end. 

Same as T l l l  a n a l y s i s  

T113 Descr ipt ion Three Nomex p lys  and 8 Film p l y s  
.15 m i l  Mylar, Merfab element 
SllO Adhesive between p l y s  a t  edges 
S114 c los ing  t ape  and adhesive 

-1 .0046 .005 200 End caps s p l i t  - numerous wr inkles  

-2 .013 .04 200 End caps s p l i t  - numerous wr inkles  

-3 . O l  . O l l  200 End caps s p l i t  - numerous wr inkles  

Exce l len t  appearing material without any s e r i o u s  damage. Mylar f i l m s  
apparent ly  no t  a f f ec t ed  according t o  2nd permeabi l i ty  reading. 
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T114 Descr ip t ion  Three Nomex p l y s  and 20 Film p lys  c o n s i s t i n g  of 
12 Mylar  .15 m i l  and 8 polyethylene .10 m i l  SllO 
Adhesive between p l y s  S114 Adhesive and c los ing  
tape.  

-1 .0016 .0036 200 End caps s p l i t  - numerous wrinkles  

-2 .0063 .023 200 End caps s p l i t  - numerous wr inkles  

-3 ,0013 .001 200 End caps s p l i t  - numerous wrinkles 

Exce l len t  appearing material without any s e r i o u s  damage. Mylar  f i lms  
apparent ly  not a f f ec t ed  t o o  s e r i o u s l y  by f l e x i n g  as shown by 2nd permea- 
b i l i t y  readings.  Material more bulky than T113 because of add i t iona l  f i l m  
PlYS - 
T115 Descr ip t ion  Two o u t e r  Merfab elements; Orthogonal, S l l Q  adhesive 

between p lus  s i x  groups 
jo ined  only by SllO wetted edges and c los ing  Mylar tape.  

of .15 Mylar/Merfab/.15 Mylar 

-1 .0066 .0036 200 No v i s i b l e  change 

-2 ,003 a 002 200 S p l i t  on back s i d e  1" from upper edge 8.5" 

-3 .004 083 100 1/2" s p l i t  a t  r i g h t  end cap - no o the r  

-4 .0046 0 100 1.5" s p l i t  on l e f t  end cap - no o the r  

long - l e f t  end cap s p l i t  1/8" 

v i s i b l e  damage 

v i s i b l e  damage 

-5 -0013 .003 50 No v i s i b l e  change 

-6 .002 .0066 50 No v i s i b l e  change 

A s o f t ,  f l e x i b l e  material i n  which t h e  Orthogonal f i b e r s  are v i s i b l e  through 
a l l  of t h e  layers of f i lm .  Except ional ly  good condtion fol lowing tw i s t - f l ex  
t e s t i n g  e 
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T116 Descr ipt ion 

-1 ,017 .027 

-2 .026 .045 

-3 .022 .023 

-4 .016 .035 

-5 .044 .022 

-6 .045 .02 

1509 

APPENDIX A (CONT) 

Iden t i ca l  t o  T115 material with t h e  addi t ion  of c ros s  
seams i n  sample. 

200 

200 S p l i t  on f r o n t  s i d e  from -2 I .D.  no. down 2" - 

S p l i t  on back s i d e  1" above lower edge 8" long - 
3" s p l i t  i n  2nd p ly  a t  center area. 

s p l i t  on back 1/2" above lower edge th ree  p laces  
1" each. S p l i t  1" long 1/2" from lower edge and 
1" from r i g h t  end on back s ide .  

a t o t a l  of 7" s p l i t  on back s ide  1'' long a t  cen te r  
area 1" up from lower edge. 

S p l i t  1" long a t  center of f r o n t  s ide .  
long a t  c e n t e r  of back s ide .  

S p l i t  on f r o n t  s ide  upper l e f t  corner  1,5" long - 
s p l i t  on l e f t  end cap edge 1.5" long. 

S p l i t  on f r o n t  s i d e  2" long - s p l i t  on back s ide  
5.5" long from l e f t  end. 

100 Very uneven s p l i t  across  f r o n t  s i d e  cen te r l ine  

200 S p l i t  2'' 

100 

100 

Appearance and r e su l t s  similar t o  T115 with t h e  c ros s  seams producing no se r ious  
changes. S p l i t t i n g  apparently i n  ou ter  p lys  only. 

T117 Descr ipt ion 30 p lys  of .25 m i l  Mylar  
Cross seams 
SllO between p lys  
S114 c los ing  tapes  

-1 .003 0033 200 S p l i t  5" long below I . D .  no. 

-2 .0086 .24 200 S p l i t  2" long above I . D .  no. 
3" s p l i t  down across  cen te r  f r o n t  s i d e  - 2" s p l i t  
2" from r i g h t  end. 

-3 .0016 -- 10 S p l i t  6.5" through a l l  p lys  from l e f t  end 3/4" 
from lower edge. 

Very bulky sample with 30 p lys  of Mylar.  Exhibited t y p i c a l  Mylar  resu l t s  
with v e r y  good permeabi l i ty  and f l e x i b i l i t y  unless  complete s p l i t t i n g  f a i l u r e  
occurs which des t roys  t h e  e n t i r e  sample. 

A-9 

270 - 1  



ER 15091 

APPENDIX A (COW) 

T118 Descr ipt ion 10 p lys  of .25 m i l  Mylar 
Cross seams 
SllO between p l y s  
S114 d los ing  t apes  

-1 .038 - 150 S p l i t  across  l e f t  end cap 2.5" on f r o n t  s i d e  - 
1" s p l i t  above I .D.  no. 3" s p l i t  on back s i d e  
a t  r i g h t  end. 

-2 .076 - 15  3.5" s p l i t  across  r i g h t  end cap 1/2" from top 

-3 0 e 27 50 S p l i t  2.5" below I .D .  no. S p l i t  3.5" a t  upper 

S p l i t t i n g  of end caps most se r ious  problem i n  t h i s  sample. Permeabi l i ty  not 
measurable when a l l  f i lms  s p l i t  i n t o  f i e l d  of sample. 

edge. 

r i g h t  end f r o n t  s i d e .  

T119 Descr ipt ion 30 p lys  of .25 m i l  Mylar 
SllO adhesive on edge seams 
S114 c los ing  tapes  

-1 0 .0013 200 Numerous wrinkles  and moderate i n f l a t i o n ,  

-2 0 0 200 Numerous wrinkles  and s l i g h t  i n f l a t i o n .  

-3 0 . O l l  200 Numerious wrinkles  and moderate i n f l a t i o n .  

Exce l len t  r e s u l t s  with low permeabi l i ty  and:no s p l i t t i n g  which occurred on 
similar T117 samples with cross seams. Conclusion is  not  possible ,  however, 
t h a t  seams were t h e  cause of t he  d i f f e rence  i n  r e su l t s .  

T120 Descr ipt ion 10 p lys  of .25 m i l  Myla r  
SllO adhesive 
S114 c los ing  t apes  

-1 0 - 65 S p l i t  6" from r i g h t  end across  end cap 1/2" 

-2 # 002 a 0026 160 S p l i t  4.5" long on f r o n t  p ly  from r i g h t  end - 

-3 .0016 .0016 200 S p l i t  2.5" long on f r o n t  p l y  2.5'' i n  f r o n t  

down from top edge. 

s 1 igh t  inf  1 at  ion. 

l e f t  end - s l i g h t  i n f l a t i o n .  

Typical Mylar resu l t s .  Good permeabi l i ty  with multi-ply f i lms  unless  s p l i t t i n g  
occurs  which f requent ly  affects a l l  p lys .  

A-10 
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T121 Descr ipt ion 3 Nomex p l y s  and 20 f i l m  p l y s  (12 p lys  of .15 m i l  Mylar  C 
and 8 p lys  of -10 m i l  polyethylene).  
SllO between edge seam p lys  
S114 at c los ing  t apes  

-1 0 e 0013 200 Permanent creases - both end cap edges s p l i t .  

-2 .012 - 200 Permanent creases - both end cap edges s p l i t .  

-3 0 .0066 200 Permanent creases - both end cap edges s p l i t .  

-4 004 .005 200 Permanent creases - both end cap edges s p l i t .  

-5 ,0013 .0013 100 Permanent creases - both end cap edges s p l i t .  

-6 .014 . O l  50 Permanent creases - both end cap edges. 

Excel lent  r e s u l t s  with f l e x i b i l i t y  and s t r eng th  with low permeabi l i ty  
following twis t - f lex  t e s t i n g  with good cycle l i f e .  

T122 Descr ipt ion Iden t i ca l  t o  T115 with addi t ion  of c ros s  seams. 

-1 016 .033 200 S p l i t  a t  l e f t  end by I . D .  no. Also s p l i t  (2) 
p laces  approximately 3" and 4" from r i g h t  end 
on f r o n t .  S p l i t  on back s i d e  approximately 
cen te r  area. 

-2 .0046 -031 200 S p l i t  (3) places  on f r o n t .  

-3 .0083 -039 100 S p l i t  on f r o n t  s i d e  below I . D .  no. S t icky  ad- 

-4 .0090 ,0086 100 S p l i t  on f r o n t  and r i g h t  end edge - s t i c k y  ad- 

hesive on back s i d e  of l e f t  end. 

hesive on r i g h t  end f r o n t  s i d e  - s l i g h t  in- 
f l a t  ion  * 

-5 .0066 .018 50 S p l i t  on f r o n t  and back - s t i c k y  adhesive at  
l e f t  f r o n t  edge. 

-6 0 .017 50 S p l i t  3 p laces  on f r o n t  and 1 place  on back - 
s t i c k y  adhesive on back s i d e  at l e f t  end. 

Soft, f lex ib le ,  somewhat bulky material but with good c h a r a c t e r i s t i c s .  
of permeabi l i ty  ind ica t e  s p l i t t i n g  only on a few sur face  f i lms .  

Resul ts  
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T123 Descr ipt ion 30 p lys  of .15 m i l  Mylar C 
Cylinder 3-1/4" d i a .  x 4" 
Cross Zag-seams 

-1 - - 45 Vertical s p l i t  on ou te r  p l y  3" long - l e f t  
of I . D .  no. 

-2 - - 12 S p l i t  2'' long on ou te r  p l y  2" down and t o  

-3 - - 64 Mult iple  d i r e c t i o n a l  s p l i t  on ou te r  p ly  180° 
from I . D .  no. 

-4 - - 34 1" s p l i t  on ou te r  ply,  1.5" t o  l e f t  of  I . D ,  no. 
and .75" down from edge. 

-5 - - 43 1" s p l i t  j y s t  below I .D.  no. on ou te r  p ly .  

r i g h t  of I .D .  no. 

The cy l inde r  conf igura t ion  shows more se r ious  and e a r l y  f a i l u r e  due t o  the  
r e s t r i c t i o n  of t h e  material. 

'5124 Descr ipt ion 12 Plys  of .15 m i l  Mylar C and 
3 p lys  of Nomex (2 m i l )  
without Cross Seams 

-1 .016 ,016 200 Several  small ho les  and areas worn th in .  

-2 ., 026 0083 200 Several  s m a l l  ho les  and areas worn th in .  

-3 .012 013 200 Several  s m a l l  ho les  and areas worn th in .  

-4 0 012 005 100 Wrinkles and creases on f r o n t  and back p lys .  

-5 a 015 a 022 36 .25" s p l i t  on upper r i g h t  end edge. 

Very good f l e x  and permeabi l i ty  performance; however, samples are without 
c ros s  seams. A l s o  see data f o r  T125. 
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T125 Descr ip t ion  

-1 e 019 ,02 

-2 .02 - 

-3 .021 .033 

-4 .014 .017 

-5 .035 .0096 

12 P lys  of .15 m i l  Mylar C and 
3 p l y s  of Nomex (2 mil)  wi th  
Lap type c r o s s  seams, 1/2" wide 

200 S p l i t  on ho r i zon ta l  seam on back p ly  1 ,5"  long - 
seve ra l  ho le s  and areas worn t h i n  on f r o n t  and 
back p lys  - s p l i t  on l e f t  end edge 1/4" long. 

200 Some seam sepa ra t ion  on f r o n t  p l y  ho r i zon ta l  
seam - 2" of ho r i zon ta l  seam sepa ra t ion  on 
back p ly  - s p l i t  1" long a t  upper r i g h t  end. 

3" seam sepa ra t ion  on back p ly  ho r i zon ta l  seam; 
o the r  i n c i p i e n t  seam f a i l u r e .  

200 Separation of ho r i zon ta l  seam (2) p laces  on 
f r o n t  p ly  and (1) p l ace  on back ply.  

100 Separation of ho r i zon ta l  seam on back p ly  (2) 
places,  4.25" and 1" long. 

200 

Good f l e x  and permeabi l i ty  performance d e s p i t e  p e r s i s t e n t  seam: f a i l u r e s  i n  
Nomex (apparently i n s u f f i c i e n t  adhesive).  Seams i n  Nomex not acceptable 
without a d d i t i o n a l  development. 

T126 Descr ip t ion  3 Nomex P lys  and 20 Film P lys  
(12 p lys  of .15 m i l  Mylar C and 
8 p l y s  of . l o  m i l  Polyethylene).  
Lap type  c ros s  seams - 1/2" wide 

-1 .0093 .016 200 Several  ho le s  and area worn t h i n  on f r o n t  and 
back p l y s ;  i n c i p i e n t  seam f a i l u r e ,  several 
p laces .  

on upper r i g h t  end edge. 
-2 .02 .013 12 1" seam sepa ra t ion  on f r o n t  ply, .75" s p l i t  

-3 .0096 -016 10 5/16'' s p l i t  on lower r i g h t  end edge, creases 

-4 ,023 .012 13 Wrinkles and creases wi th  areas worn t h i n  on 

and wrinkles  on f r o n t  and back p lys .  

f r o n t  and back p l y s ;  i n c i p i e n t  seam f a i l u r e  on 
f r o n t  . 

-5 .012 ,016 15 Separation (2) p l aces  4" and 3" along hor i -  

General ly  very s h o r t  f l e x  l i f e  t o  po in t  of advanced d e t e r i o r a t i o n  and i n c i p i e n t  
seam f a i l u r e .  

NOTE: These samples e x h i b i t  very i r r e g u l a r  l a p  seams. 

zon ta l  seam on f r o n t  p ly .  

A-13 

- I  



Enginee Report 
f ER 15091 

T127 Descr ipt ion 10 Plys  of '  . 5  m i l  Kapton wi th  c los ing  t ape  of 
Mylar and S114 Adhesive 
Lap type  c ros s  seams - 11'2" wide 

-1 .0043 - 7 S p l i t  3" long through a l l  p lys  a t  lower l e f t  
end - s p l i t  .75" long through a l l  p l y s  a t  upper 
l e f t  end. 

-2 .003 .026 54 S p l i t  1" long on f r o n t  ply a t  upper r i g h t  end. 

-3 001 .0093 31 S p l i t  3" long on f r o n t  ply across  hor izonta l  
seam. 

-4 .003 - 7 S p l i t  2.5" i n  from lower l e f t  edge through a l l  
p lys  - s p l i t  1" i n  from lower r i g h t  edge through 
a l l  p lys .  

-5 0 * 01 51 S p l i t  on f r o n t  ply .5"  long - s l i g h t  i n f l a t i o n .  

Very poor f l e x  performance suggesting t h a t  Kapton should not be used without 
s u b s t r a t e  plys .  

A- 14 



APPENDIX B 

Following t h e  d e t a i l  d a t a ,  a genera l  summation of t h e  r e s u l t s  f o r  t h e  
p a r t i c u l a r  group is provided except where each sample is  descr ibed i n  
d e t a i l .  The c h a r a c t e r i s t i c  f a i l u r e  of a l l  samples o f  a p a r t i c u l a r  t y p e  
made i t  f e a s i b l e  %d summarize t h e  t e s t  r e s u l t s  f o r  t h e  en t i r e  group. 

*An a s t e r i s k  a f t e r  permeabi l i ty  d a t a  ind ica t e s  excessive leakage, 
measured a s  the  number of \seconds t o  reduce H e  pressure  of 1 p s i  to  
zero on one side of sample. The f i g u r e  l i s t e d  i n  columns under each 
sample d e s c r i p t i o h  are as follows: 

1st Permeabi l i ty  2nd Permeabi l i ty  Number 
. (Before Cycling) (After  Cycling) of Cycles Comments - Sample N o .  

T201 Descr ip t ion  

-1 - 
-2 -008 

-3 .00067 

-4 0 

-5 0 

-6 0 

-a 0 

-8 0 

-9 - 
-10 - 

03 
- 
,0055 
- 
0 
- 

5 p lys  of .25 m i l  Mylar C 
Edges seamed toge ther  with CT 100 adhesive 
GT 300 c los ing  tape  
End seamed as noted 

50 

25 P u l l  1/2" edge seam 

5 F u l l  1/2" edge seam 

200 F y l l  1/2" edge seam 

One s p l i t  from each end 2" long 

53 .13 edge seam 

200 .13 edge seam 

200 .13 edge seam 

200 Seam c u t  o f f  - no seam 

50 F u l l  1/2" end seam (NASA t e s t e d )  

15 F c a l l  1/2" end seam (NASA t e s t e d )  

The major i ty  of these  samples f a i l e d  by t h e  s p l i t t i n g  of t he  f i lm from 
the  ends toward the cen te r .  Only t h e  samples which have permeabi l i ty  
cfata a f t e r  f l ex ing  d id  not s p l i t  i n t o  the f i e l d  of t h e  sample. 
reduct ion i n  the width  of the  end seam d id  not appeaF t o  con t r ibu te  t o  t h e  
success o f  t h e  t e s t i n g  of these.satnples.  The adhesive extruded out  beyond 
t h e  1/2" seam i n t o  the  I f i e l d ' b f  theA sample.. The e f f e c t  ~ of the 'hea t  appl ied 
t o  t h e  seam appeared t o  wrinkle  t h e  material adjacent  t o  t h e  seam. I t  is 
poss ib le  t h a t  t h e  heat changed t h e  phys ica l  c h a r a c t e r i s t i c s  of  t h e  f i lm.  

The 
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The seaming method uses  heat and pressure  and has caused the multi-ply 
sample t o  assume a monoli thic  s t r u c t u r e  a t  t h e  seam of approximately 
8 to  9 m i l s ,  Mylar i n  t h i s  thickness  is not  capable of withstanding 
t h e  f l ex ing  required a t  t h e  edge seam. 

T202 Descr ip t ion  Same a s  T201, except 10 p lys  of .25 m i l  Mylar 
C. 
Edges seamed toge ther  with GT 100 adhesive 
GT 300 c los ing  tape  
End seamed a8 noted 

-1 0 - 3 F u l l  l/2" end seam 

-2 0 - 5 F u l l  1/2" end seam 

-3 0 P - F u l l  1/2" end seam 

-4 0 - 5 F u l l  1/2" end seam 

-5 0 - 13 .13 edge seam 

-6 0 - 14 .13 edge seam 

-7 0 0 13 -13 edge seam 

-8 0 0 37 Seam cut-off - no seam 

-9 - - 1 F u l l  1/2" end seam (NASA te s t ed )  

-10 - - 2 F u l l  1/2" end seam (NASA te s t ed )  

The majori ty  of these samples f a i l e d  by t h e  s p l i t t i n g  of t he  f i lm  from 
t h e  ends toward the cen te r .  S p l i t s  were genera l ly  near  t h e  upper and 
lower edges a t  the ends. Only t h e  samples &hat  didl.mt S p l i t  i n t o  the  f i e l d  
of 'the sample @ere'tkst-etl for p e r m e a b i l i t y  a f t e r  f l u l t . t e s t ing ,  
width of t h e  end seam d id  not  necessa r i ly  i n d i c a t e  improvement s ince  
there w a s  a l imi ted  number of samples t e s t e d  i n  t h i s  manner. The seams 
must be improved f o r  t h i s  material t o  be s a t i s f a c t o r y .  

The reduct ion of 

T203 Desc i ip t  ion 5 p lys  of. .25 m i l  Mylar C 
Edges seamed w i t h  GT 100 adhesive 
Horizontal  and v e r t i c a l  seams i n  f i e l d  
Butt  seams taped one s i d e  
GT 300 c los ing  tape  
End seamed as noted 
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T203 Descr ip t ion  (Continued) 

-1 0 - 5 F u l l  1/2" end seam 

-2 0 - 5 F u l l  1/2" end seam 

-3 0 *4(2)  10 .13 end seam 

-4 0 95* 200 -13 end seam 

-5 2.7(1) - 5 .13 end seam 

-6 0 a 0 13 50 End seam c u t  o f f  - no seam 

-7 0 .19 200 End seam c u t  o f f  - .no seam 

-8 0 .0023 100 End' seam cu t  o f f  - no seam 

-9 0 32 50 F i l l  1/2" end seam (NASA t e s t ed )  

Many of t hese  samples f a i l e d  by the  s p l i t t i n g  of t h e  f i l m  from the  ends 
toward t h e  cen te r .  
ends. The samples w i t h  t h e  end seams removed showed the bes t  r e s u l t s  
w i t h  only the  o u t e r  p ly  s p l i t t i n g .  Permeabili ty d a t a  was poss ib l e  on 
seve ra l  of  t h e  samples i n  t h i s  group, 
d id  not appear t o  inf luence the  r e s u l t s .  

S p l i t s  occurred near  t h e  upper and lower edges a t  the  

The ho r i zon ta l  and v e r t i c a l  seams 

T204 Descr ip t ion  5 p lys  of -25 m i l  Mylar C 
Edges seamed w i t h  GT- 300 adhesive 
Horizontal  and v e r t i c a l  seams i n  f i e l d  
Butt  seams taped on both s ides  
GT 300 c los ing  t ape  
End seamed as noted 

-1 0 - 50 End seam c u t  o f f  

-2 .0066 -087 25 End seam c u t  o f f  

-3 0 86* 200 End seam c u t  of f  

-4 0 - 37 End seam c u t  o f f  

-5 0 - 20 .13 end seam 

-6 0 - 8 .13 end s e a m  

-7 .004 - 7 -13 end seam 

-8 -0013 - 5 End seam c u t  of f  

-9 0 - 22 End seam cut  o f f  

-10 0 - 20 End seam c u t  o f f  
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T204 Descr ip t ion  (Con$ inued) 

F a i l u r e  of t hese  samples occurred most r egu la r ly  with a s p l i t  o r ig ina t ing  
a t  t h e  end near  t h e  upper o r  lower edge of sample and extending a t  least 
through the  seam. The samples without seams received tears on t h e  o u t e r  
p lys  but not necessa r i ly  through a l l  p1ys. The a b i l i z y  t o  be ab le  to 
record permeabi l i ty  a f t e r  f l ex ing  ind ica t e s  t h a t  t h e  s p l i t s  d id  not ex- 
tend i n t o  t h e  f i e l d  of t he  sample nor through t h e  en t i r e  sample, 

T205 Descr ip t ion  5 Plys  of .25 m i l  Mylar C 
Edges seamed with GT 100 adhesive 
Hor izonta l  and v e r t i c a l  seams i n  f i e l d  
Lap seams using GT 100 tape  
GT 300 c los ing  tape  
Ends seamed as noted 

-1 .o 
-2 .02 

-3 00 16 

-4 004 

-5 0 

-6 ~ 0026 

-7 0 

-8 0 

-9 0 

-10 .0046 

P 

- 
19* 

26% 

155* 

47* 

8 8% 

5 

5 

3 

10 

100 

25 

15 

55 

30 

35 

.06 end seam 

.06 end seam 

.06 end seam 

-06 end seam 

NASA seamed GT 300 t ape  on end 

NASA seamed GT 300 tape  on end 

NASA seamed GT 300 tape  on end 

NASA seamed GT 300 tape  on end 

NASA seamed GT 300 tape  on end 

NASA seamed GT 300 tape  on end 

Samples with end seams f a i l e d  wizh t h e  s p l i t t i n g  of t h e  sample from t h e  
end i n t o  t h e  f i e l d  preventing any permeabi l i ty  check. The samples wi th  
GT 300 tape  sea l ing  the ends d id  qot  s p l i t  a t  t h e  ends,  but had considerable  
f i l m  s p l i t t i n g  i n  t h e  f i e l d  of t h e  sample. The s p l i t t i n g  w a s  random and 
extended across  the  seams o r  adjacent  t o  t h e  seams. N o  canelusions can be 
drawn regarding t h e  cause of these  f a i l u r e s .  

T206 Descr ip t ion  10 Plys  of .25 m i l  Mylar C 
Edges seamed with GT 100 adhesive 
Hor izonta l  and ver t ical  seams i n  f i e l d  
GT 300 c los ing  tape  
B u t t  seams taped on one s i d e  
Ends seamed as noted 
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T206 Descript ion (Continued) 

-1 .006 - 8 -06 end seam 

-2 0 - 2 .06 end seam 

-3 0 0 77 End seam c u t  o f f  

-4 0 -002 25 End seam c u t  o f f  

-10 - 1 P u l l  1/'2" end seam (NASA te s t ed )  

The f a i l u r e s  on t h e  samples with ,06 end seams are i d e n t i c a l  to  those  occur- 
r ing  on a l l  o t h e r  samples with seam of any Nvidth. The f a i l u r e s  sea r t ed  as 
a s p l i t t i n g  o f  t h e  end near  the top  o r  bottom edge and extend i n t o  the 
f i e l d  of t h e  sample. The f a i l u r e s  of t h e  samples with t h e  end seams c u t  
of f  cons is ted  of s p l i t t i n g  of  one o r  more p lys  from the edge and f requent ly  
extending many inches i n t o  t,he sample. 
not occur as proven by t h e  a b i l i t y  t o  ob ta in  perm i l i t y  da t a  on -3 and 
-4 0 

Complete s p l i t t i n g  of a l l  p lys  d id  

End seams on following samples c u t  o f f  and re-seamed by NASA using GT 300 
tape : 

-5 0 .004 150 

-6 0 .0053 75 

-7 0 - 200 Excessive leak 

-8 0 - 17 2 inch tear from r i g h t  end 

-9 0 - 30 2 s p l i t s  on l e f t  end, s p l i t  on f r o n t  s i d e  .75" 

9206-1 through -4 were t e s t e d  as o r i g i n a l l y  received from Schje ldahl  w i t h  
a very r i g i d  end seam and r e s u l t s  proved e a r l y  f a i l u r e  through s p l i t t i n g  
of ends. The above group -5 through -9 had t h e  o r i g i n a l  end seam c u t  o f f  
and were then reseamed on t h e  ends by wrapping a GT 300 tape  around and 
hea t  s ea l ing  with impulse sealer. The r e su l t s  are b e t t e r  although s p l i t t i n g  
s t i l l  occurred. . 

T207 Descr ip t ion  

-1 0 9 

10 Plys  of .25 m i l  Mylar  C 
Edges seamed with GT 100 tape  
Hor izonta l  and v e r t i c a l  seams i n  f i e l d  
GT 300 c los ing  tape  
Lap seams using GT 100 adhesive 
Ends. seamed as noted 

19 End seams c u t  o f f  

B-5 



Engineering Rep 
ER 15  

Appendix B (Cont 'd .) 

T207 Descr ip t ion  (Continued) 

-2 .0033 - 11 End seams cut  o f f  

-3 .0033 - 57 End seams c u t  of$ 

-4 0 - 2 3  End seams c u t  o f f  

-5 0 .022 25 End seams c u t  o f f  

Fa i lu re s  occurred as s p l i t t i n g  of t h e  f i l m  from t h e  center or f i e l d  of 
t h e  sample. There d id  not appear t o  be any f a i l u r e s  from t h e  end With 
t h e  exception of  one p ly  of -3. The change of t h e  po in t  of f a i l u r e  from 
the  end s p l i t t i n g  t o  f i e l d  o r ig ina t ed  s p l i t t i n g  i n  t h i s  group of samples 
is not  e a s i l y  explained 

End seams of following samples c u t  o f f  and re-seamed by NASA using GT 300 
tape :  

-6 0 - 10 S p l i t s  i n  face  of o u t e r  f i lm  through seams 

-a 0 - 6 S p l i t s  i n  face  o f  o u t e r  f i l m  through seams 

-8 0 30 S p l i t s  i n  face  of o u t e r  f i lm through seams 

-9 0 - 200 S p l i t s  i n  f ace  of o u t e r  f i l m  through seams 

-10 0 .028 40 S p l i t s  i n  f ace  of o u t e r  f i lm through seams 

Fa i lu re s  occurred a s  s p l i t t i n g  of t h e  f i lm from the  center or f i e l d  of 
t h e  sample. There d i d  not  appear t o  be any f a i l u r e s  from the  end wi th  
t h e  exception of -7 which had a 1/2 inch s p l i t  through end. The change 
to seal the  ends wi th  dT 300 t a p e  d id  not change t h e  type of f a i l u r e  as 
found i n  t h e  f i r s t  group -1 through -5. 

T208 Descr ipt ion 5 Plys of .25 m i l  Mylar C 
F l a t  sample with ho r i zon ta l  seams 
B u t t  seams us ing  Pliobond 20 with tape  
Ends seamed as noted 

-1 ,015 - 12 Or ig ina l  r i g i d  end seam - complete hor izonta l  
s p l i t  

-2 ,017 - 8 Or ig ina l  r i g i d  end seam - end s p l i t s  

-3 .0053 .8 4 End seam cut  o f f  - s p l i t  on r i g h t  end one ply 

-4 ,017 .0016 50 End seam cu t  o f f  - s p l i t  on r i g h t  end one p ly  

-5 .009 - 140 End seam c u t  o f f  - s p l i t  on r i g h t  end one ply 
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9208 Descr ip t ion  (Continued) 

-6 .022 - 80 End seam c u t  o f f  and reseamed w i t h  GT 300 
t ape  by NASA. 

-7 .0076 - 75 End seam c u t  o f f  and reseamed w i t h  GT 300 
t ape  by NASA. 

t ape  by NASA. 
-8 -001 - 90 End seam c u t  o f f  and reseamed with GT 300, 

-9 0 01 .0033 45 End seam c u t  o f f  and reseamed with GT 300 
t ape  by NASA, 

t ape  by NASA. 
-10 ,001 - 49 End seam cu t  o f f  and reseamed with GT 300 

A l l  samples t e s t e d  produced s p l i t t i n g  of a t  least t h e  f r o n t  s i n g l e  p ly  
usua l ly  above the  ho r i zon ta l  seam, and not  through t h e  seam. Permeabili ty 
t e s t i n g  w a s  only poss ib le  i n  three samples; t he  remaining samples had 
excessive leakage. Pliobond seams do not  appear t o  o f f e r  any unusual 
c h a r a c t e r i s t i c s  f o r  f u r t h e r  cons idera t  ion. 

T209 Descr ip t ion  1 Ply o f  .5 m i l  Kapton 
F l a t  sample, no seams 
Ends not sealed 
Liquid n i t rogen  t e s t e d  only 

-1 e 003 .1 200 No v i s i b l e  change 

-2 . O O l  - 15 Longitudinal s p l i t  f u l l  length of sample 

-3 .003 - 65 Longitudinal s p l i t  f u l l  l ength  of  sample 

-4 .0013 - 14 Longitudinal s p l i t  f u l l  length of sample 

-5 ,003 - 9 Longitudinal s p l i t  f u l l  l ength  of sample 

Only one sample, t h e  -1, d i d  not show any s p l i t t i n g  of  t h e  f i lm.  A l l  
o t h e r  samples had a complete s p l i t t i n g  f a i l u r e  from end t o  end usua l ly  
near  t he  top  or bottom edge of sample. A c los ing  end seam could he lp  e l imina te  
the start of t h e  s p l i t  bu t  would not  he lp  t h e  extension of s p l i t  i f  once 
s t a r t e d .  T h i s  f i l m  is similar t o  Mylar i n  i ts  unpredictable  behavior. 

-6 .001 - 
-7 -003 - 

Ends sea led  as noted 
Liquid hydrogen t e s t e d  

25 N o  end seam 

40 N o  end seam 
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T209 Descr ip t ion  (Continued) 

-8 .00066 - 10 Ends seamed with GT 300 t ape  by NASA 

-9 .00066 - 40 Ends seamed wi th  GT 300 t ape  by NASA 

-10 .001 0 7 Ends seamed with GT. 300 t ape  by NASA 

A l l  samples had a complete s h a t t e r i n g  type of s p l i t t i n g  f a i l u r e  across  
the  en t i re  f i e l d  of t h e  sample. The end seams d id  not change t h i s  
c h a r a c t e r i s t i c  f a i l u r e ,  

T210 Descr ip t ion  5 Plys  of .5 m i l  Kapton 
Edges sealed with GT 300 t ape  
GT 100 adhesive used between f i lm seams 
Liquid n i t rogen  t e s t e d  only 

-1 .0033 0 180 S p l i t  on back o u t e r  p ly  l e f t  end 

-2 0066 0 11 Tear along lower edge 9" long a l l  plys  

-3 .0033 0 98 3" long s p l i t  on o u t e r  ply f ron t  f ace  

-4 D 002 0 160 Tongue-type tear 112" long on o u t e r  ply 

-5 a 00 16 .00033 60 Pin holes .  Exploded from inner  ply pressur i -  
za t ion  when removed. 

-6 0 180 Jagged t e a r  ou te r  p ly  4" long 

F a i l u r e  t y p i c a l  of Kapton a r e  shown i n  the  r e s u l t s  above. The random 
type of s p l i t t i n g  f a i l u r e  with jagged t e a r s  has been demonstrated i n  
many previous samples t e s t e d  i n  LN i n  o t h e r  Beech programs. 2 

Ends seamed as  noted 
Liquid hydrogen t e s t ed  

-7 .013 12 Or ig ina l  r i g i d  end seam - s p l i t  from both ends 

-8 .0023 0 200 Ends seamed with GT 300 t ape  by NASA - no 

-9 .002 -0033 200 Ends seamed with GT 300 t ape  by NASA - no 

f a i l u r e  

f a i l u r e  

The removing of t he  o r i g i n a l  end seams and reseaming with GT. 300 t ape  with 
impulse narrow heat  seal apparent ly  helped prevent s p l i t t i n g  from ends. 
The lack  of cons is tence  of this f i lm ,  however, does not  warrant a conclusion 
t h a t  t h i s  f i lm i s . s a t i s f a c t o r y  i f  seamed i n  t h i s  manner. 
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T211 Descr ipt ion 10 P lys  of .5 m i l  Kapton 
Edges sea led  wi th  GT 300 t ape  
GT 100 adhesive between f i l m  seams 
Liquid n i t rogen  t e s t e d  only 

-1 .0013 0 200 Small s p l i t  of ou te r  p l y  f r o n t  f a c e  of sample 

-2 .001 0 80 Pin  ho le s  observed during f l e x i n g  only 

-3 .0016 .0026 90 S p l i t  ou te r  p ly .  Severe inne r  p ly  i n f l a t i o n  

-4  .0033 .0163 150 Small jagged tear f r o n t  face o u t e r  p l y  

-5 .0066 - 5 Complete s p l i t t i n g  a l l  p lys  3" long l e f t  end 

-6 0 001 -0066 200 Small crack i n  ou te r  p l y  l e f t  end 

-7 0 .0303 180 9" long s p l i t  i n  ou te r  p lys  

The increase i n  number of p lys  has  helped t h i s  material. Although the  outer 
p ly  s p l i t s  f requent ly ,  t h e  remaining p l y s  are i n t a c t  and do not  permit perme- 
a t ion .  Unpredic tab i l i ty  of f a i l u r e  s t i l l  present .  

Liquid hydrogen t e s t e d  

-8 .003 - 10 Or ig ina l  r i g i d  end seam - major s p l i t  from end 

-9 .0013 0 200 Ends cut  off  and reseamed by NASA with GT 300 

-10 0 0 200 Ends c u t  of f  and reseamed by NASA with GT 300 

-11 .0026 0 100 Ends c u t  off and reseamed by NASA with  GT 300 

tape  

tape  

tape  

The samples with t h e  reseamed ends wi th  GT 300 t ape  appear t o  withstand the  
f l e x i n g  b e t t e r .  Every sample, however, had a s p l i t t i n g  of a t  least t h e  ou te r  
p l y  i n  t h e  f i e l d  near  t h e  end of t h e  sample. 
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T212 Descr ipt ion 

-1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

- 10 

0 9953 

.0096 

0 

.0076 

,002 

e 0026 

0 

.0046 

0 

0 

76* 

- 
0 

0 002 

0 

0 11 

0 

0 

0 

0 

13 Al te rna t ing  p l y s  of Mylar and Nomex Paper 
10 Plys  Qf .25 Mylar C 
3 Plys  of 2 m i l  Nomex Paper (lst, 7th,  13th ply) 
N o  seams except edge seams 
GT 100 adhesive between edge seam 
GT 300 c los ing  t ape  

14 

17 

Short  end s p l i t s  through end seam 1/2" long 

Short  end s p l i t s  through end seam 1/2" long 

200 End seam c u t  off - exce l l en t  condi t ion 

200 End seam cut  off - excellent condi t ion 

200 End seam cut  off  - exce l l en t  condi t ion 

150 End s e a m  cut off  - leakage ind ica t e s  Mylar 

100 End seam cut  off  - exce l l en t  condi t ion 

50 End seam cut  off  - exce l l en t  condi t ion 

150 End seam cut  off - exce l l en t  condi t ion 

100 End seam cut  off - exce l l en t  condi t ion 

f i l m  f a i l u r e  

The only f a i l u r e  shown i n  t h i s  combination of Mylar  and Nomex paper w a s  when 
t h e  heavy end seams imposed s p l i t t i n g  of t h e  ends. The t e a r  resistance of 
the  Nomex paper prevented t h e  tear from extending f a r  i n t o  t h e  f i e l d  of t h e  
sample. The -3 and -4 samples i n  which t h e  end seams were removed produced 
exce l l en t  resu l t s  i n  both permeabi l i ty  and f l e x i b i l i t y .  

This type of material cons i s t en t ly  appears t o  o f f e r  t he  most hope f o r  cryo- 
genic  bladders .  
Mylar, which provides t h e  permeabi l i ty  b a r r i e r ,  i s  proving t o  be t h e  bes t  
arrangement of ma te r i a l s  i n  the  tw i s t - f l ex  tes t .  

The combination of Nomex f o r  reducing t h e  stresses i n  the  

€3- 10 
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T213 Descr ip t ion  

-1 

-2 

-3 

-4 

-5 

-6 

-a 

-8 

-9 

- 10 

0 

0 

0 

0066 

004 

004 

.002 

0083 

083 

e 025 

.0042 

0 

e 0016 

062 

.0076 

038 

28 

039 

D 022 

0 054 

13 A l t e r n a t i n g  p l y s  of Mylar and Dacron Fabr ic  
10 P lys  of .25 m i l  Mylar C 
3 Plys  of 2.2 02. Dacron Fabr ic  (lst, 7th,  13th p ly)  
N o  seams i n  f i e l d  
GT LOO adhesive between edge seam 
GT 300 c los ing  tape  

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

N o  v i s i b l e  change o the r  than abrasion and 
sepa ra t ion  of p l y s  on end edge 

No v i s i b l e  change o the r  than abrasion and 
sepa ra t ion  of p l y s  on end edge 

No v i s i b l e  change o the r  than abrasion and 
sepa ra t ion  of p l y s  on end edge 

N o  v i s i b l e  change except f o r  s l i g h t  abrasion 
and end p l y  sepa ra t ion  

N o .  v i s i b l e  change except for s l i g h t  abrasion 
and end p l y  sepa ra t ion  

N o  v i s j b l e  change except for s l i g h t  abrasion 
and end p l y  sepa ra t ion  

N o  v i s i b l e  change except for s l i g h t  abrasion 
and end p l y  separa t ion  

No v i s i b l e  change except for s l i g h t  abrasion 
and end p l y  sepa ra t ion  

N o  v i s i b l e  change except f o r  s l i g h t  abrasion 
and end p l y  sepa ra t ion  

N o  v i s i b l e  change except f o r  s l i g h t  abrasion 
and end p l y  sepa ra t ion  

Resu l t s  on these  samples show promise for bladder  material. S imi la r  t o  t h e  
Nomex/Mylar samples 7212, t h e  Dacron Fabr ic  adds s t r e n g t h  and tear  r e s i s t a n c e  
t o  t h e  sample prevent ing gross  s p l i t t i n g  of t h e  Mylar. Even t h e  heavy ends 
did not  s p l i t  al though f ab r i ca t ed  i n  t h e  same manner as o the r  Schjeldahl  
smples which have had incessant  end s p l i t t i n g .  
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T214 Descr ipt ion 5 P lys  of .25 m i l  Mylar C 
Cy l ind r i ca l  sample 
Closing l a p  seams 
GT 100 adhesive 

-1 - - 50 Major s p l i t t i n g  of seve ra l  ou t s ide  p l y s  

-2 - - 100 Major s p l i t t i n g  of seve ra l  ou t s ide  p l y s  

-3 - - 25 Major s p l i t t i n g  of s e v e r a l  ou t s ide  p l y s  

Permeabi l i ty  measurement is not  poss ib l e  on c y l i n d r i c a l  samples i n  a manner 
s i m i l a r  t o  t h e  f l a t  samples. Permeabi l i ty  is noted by bubbles appearing on 
t h e  ou t s ide  of cy l inde r s  when pressur ized  wi th  helium gas. 
bubbles i s  an i n d i c a t i o n  t o  s top  test. The number of c y c l e s  was then,'determined 
e i ther  by t h e  f i r s t  formation of bubbles or v i s i b l e ' i n d i c a t i o n  of f i l m  s p l i t t i n g  
Random s p l i t t i n g  of f i l m  i n d i c a t e s  t h e  necess i ty  of a change i n  sample 
material or f a b r i c a t i o n  method. Cy l ind r i ca l  shapes may impose g r e a t e r  
stresses than  f l a t  type samples. F a i l u r e s  are similar to f l a t  samples 
of t h e  same material. 

Detect ion of 

T215 Descr ipt ion Same as T214, except 10 p l y s  of f i l m  
10 p l y s  of .25 m i l  Mylar C 
Cy l ind r i ca l  sample 
Closing l a p  seams f o r  c y l i n d r i c a l  p l y s  
GT 100 adhesive 

-1 - 25 S p l i t  on i n s i d e  p l y  of f i l m  

-2 - - 100 Major s p l i t s  on ou t s ide  p l y  

-3 - - 30 Major s p l i t s  on ou t s ide  p l y  

Analysis same as t h a t  f o r  T214. 
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T216 Descr ip t ion  5 P lys  of .25 m i l  Mylar C 
Cy l ind r i ca l  sample 
Hor izonta l  and c los ing  v e r t i c a l  seam 
But t  seam taped one s i d e  
GT 100 adhesive 
GT 300 c l o s i n g  tape 

-1 - - 50 S p l i t t i n g  of f o u r  p l y s  on i n s i d e  of cy l inde r .  

-2 - I 25 S p l i t t i n g  of outer p l y  

-3 - - 15 Major s p l i t t i n g  of i n s i d e  and ou t s ide  p l y s  

Analysis same as t h a t  for T214. 

T217 Descr ip t ion  Cy l ind r i ca l  sample 
5 p l y s  of .25 m i l  Mylar C 
Hor izonta l  and closing v e r t i c a l  seam 
Lap type  of seam 
GT 100 adhesive between p l y s  on seams 
GT 300 closing t ape  

-1 - - 4 S p l i t t i n g  of i nne r  and o u t e r  p l y s  of cy l inde r  

-2 - - 7 S p l i t t i n g  of i n n e r  and ou te r  p l y s  of cy l inde r  

-3 - - 4 S p l i t t i n g  of i nne r  and o u t e r  p l y s  o f  cy l inde r  

Analysis same as t h a t  for T214. 

T218 Descr ip t ion  Cy l ind r i ca l  sample 
10 p l y s  of .25 m i l  Mylar C 
Hor izonta l  and closing v e r t i c a l  seam 
But t  type  of seam 
GT 100 adhesive between p l y s  on seams 
GT 300 c l o s i n g  t ape  

-1 - - 70 Severe s p l i t t i n g  of i n s i d e  and o u t e r  p lys  
around cy l inde r  

-2 - - 30 Severe s p l i t t i n g  of i n s i d e  and o u t e r  p l y s  

-3 - - 20 Severe s p l i t t i n g  of i n s i d e  and o u t e r  p l y s  

around c y l i n d e r  

around cy l inde r  

Analysis same as t h a t  for T216. 
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T219 Descr ipt ion Cy1 i n d r i c a l  sample 
10 p l y s  of .25 m i l  Nylar C 
Horizontal  and ver t ica l  seam 
Lap zype of seam 
GT LOO adhesive between p l y s  on s e a s  
GT 300 c l o s i n g  t ape  

-1 - - 8 Severe s p l i t t i n g  on inne r  and outer p l y s  a l l  

-2 - - 15 Severe s p l i t t i n g  on i n n e r  and outer pl.ys all 

t h e  way around cy l inde r  

t h e  way around cy l inde r  

-3 I 10 Severe s p l i t t i n g  on inne r  and o u t e r  p l y s  a l l  
t h e  way around cy l inde r  

Analysis same as t h a t  f o r  2'216, 

2'220 Descr ip t ion  Cylinder sample 
5 p l y s  of .25 m i l  Mylar C 
Hor izonta l  and c l o s i n g  v e r t i c a l  seam 
Pliobond 20 with t ape  

-I - - 35 Inner p l y  s p l i t t i n g  180 degrees around cy l inde r  

-2 - - 50 Inner p l y  s p l i t t i n g  180 degrees around cy l inde r  

-3 - - 80 No s p l i t t i n g  but two ho le s  observed during t e s t i r  

Analysis same as T2l6. 

T221 Descr ipt ion Same as T218 except -15 m i l  Mylar C 

-1 - - 80 N o  s p l i t s  but 5 bubble l e a k s  dur ing  t e s t i n g  

-2 - - 70 Severe s p l i t t i n g  through a l l  p l y s  

-3 I - 50 S p l i t t i n g  on i n n e r  p l y s  and 2 ho le s  

-4 - - 20 Outer p l y  s p l i t  and t h r e e  ho le s  

-5 - - 55 S p l i t t i n g  of o u t e r  p ly  and two ho le s  

Analysis same as t h a t  f o r  T216. 

B- 14 



Engineering Report 
ER 15091 

Appendix B (Cont * d . ) 

T222 Descr ipt ion Same as T219 except .15 m i l  Mylar C 

-1 - - 7 Complete s p l i t t i n g  of i nne r  and outer p l y s  

-2 - - 2 S p l i t t i n g  o f  ou te r  p lys  

-3 - - 4 S p l i t t i n g  of ou te r  pLys 

-4 - - 12 S p l i t t i n g  of inner  and ou te r  p lys  

-5 - - 15 Severe s p l i t t i n g  of e n t i r e  sample from 
top edge 

Analysis same as t h a t  f o r  T216. 

T223 Descr ipt ion Cyl indr ica l  sample 
. 5  m i l  Kapton 
10 p lys  of f i l m  
Closing v e r t i c a l  seams only 
GT 300 tape  with b u t t  seams 

-1 - - 150 S p l i t t i n g  of i nne r  and ou te r  p lys  a l l  t he  
way around 

-2 - - 50 S p l i t t i n g  of ou te r  p ly  

-3 - - 25 S p l i t t i n g  of ou te r  p l y  

Analysis same as t h a t  f o r  T216. 

T224 Descr ipt ion Same as T223 except l a p  ver t ical  seam using GT 100 
adhesive 

-1 - - 20 S p l i t  on ou te r  p ly  

-2 - - 15 S p l i t t i n g  across  seam on both inner  and 
outer  p lys  

-3 - - 20 S p l i t t i n g  of outer p ly  
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T225 Descr ip t ion  Same as T212, except  cy l inde r  
Cross b u t t  seam us ing  GT 300 t a p e  

-1 - - 4 S p l i t t i n g  on a l l  seams i n s i d e  and ou t s ide  

-2 - - 17 S p l i t t i n g  on a l l  seams i n s i d e  and ou t s ide  

-3 - - 10 S p l i t t i n g  on a l l  seams i n s i d e  and ou t s ide  

Analysis s a m e  as T216 except t h a t  f a i l u r e  p r imar i ly  i n  seams. The use of 
heav ie r  tape  might prevent  t h e  f a i l u r e  at t h i s  po in t .  Previous experience 
has  shown t h a t  t h e  f a i l u r e s  usua l ly  do not  occur i n  t h e  seam. 

T226 Descr ip t ion  Same as T213 material except cy l inde r  
Cross b u t t  seams us ing  GT 300 t ape  

-1 - - 18 Seam s p l i t t i n g  on i n s i d e  and ou t s ide  

-2 - - 8 Seam s p l i t t i n g  on in s ide  and ou t s ide  

-3 - - 6 Seam s p l i t t i n g  on i n s i d e  and ou t s ide  

I T  e Samples T227 through T235 are t e s t e d  i n  Sec t ion  3.8.2, page 3-149 Single  
11 Ply Seamed Twist-Flex T e s t  D a t a .  
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T236 Descr ipt ion 10 Plys  of .15 m i l  M y l a r  C 

-1 0 0 200 Small breaks on r i g h t  end cap edge 

-2 0 0 200 S p l i t  across  end cap at upper l e f t  end - s m a l l  
breaks on both end cap edges 1st p ly  tear above 
I .D.  no. 

-3 .00033 .00050 200 S p l i t  across  end cap a t  upper r i g h t  end - s m a l l  
breaks on both end cap edges 

-4 0 0 200 S p l i t  across  end cap a t  lower l e f t  end - s m a l l  
breaks on both end cap edges 

-5 .0080 .54 100 S p l i t  i n  1st p ly  a t  lower r i g h t  end c lose  t o  
end cap - small breaks on both end cap edges 

-6 .00044 .00033 100 S p l i t  across  end cap a t  upper and lower l e f t  
end - s p l i t  on 1st and 2nd p ly  a t  lower l e f t  
end j u s t  above lower edge cap. Small breaks 
on both end cap edges 

-7 0 .00066 50 Small breaks on both end cap edges 

-8 .0020 .0033 60 S p l i t  across  end cap a t  lower r i g h t  end 

-9 0 .0043 100 S p l i t  on f r o n t  p ly  a t  upper r i g h t  corner across  

-10 0 .00066 50 Small breaks on both end cap edges 

end cap s m a l l  breaks on both end cap edges 

Exception r e s u l t s  without se r ious  f a i l u r e  and good permeabili ty following 
twis t - f lex  t e s t i n g .  
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T237 Descr ipt ion 

-1 

-2 

-3 

-4 

- 5  

-6 

-7 

-8 

-9 

- 10 

-11 

-12 

- 13 

- 14 

- 15 

- 16 

-17 

-18 

-19 

- 20 

9 

.00050 

0 

00033 

0 

0013 

e 00066 

0020 

0 

0 

0 

0 

0 

0 0010 

0 

0070 

0 

0 

0 

0 

0 

0030 

0050 

00033 

0 

0033 

0046 

038 

00033 

0016 

0093 

0023 

.0076 

e 0010 

a 0016 

e 010 

+ 0023 

a 00066 

0 

0 

10 Plys  of -25 m i l  Mylar C 

200 

200 

200 

100 

100 

50 

50 

100 

50 

50 

200 

200 

150 

150 

150 

200 

200 

200 

200 

200 

A l a r g e  number of i d e n t i c a l  

S p l i t  on f r o n t  p l y  at l e f t  end and at r i g h t  end 
area - small breaks on both end cap edges 

Small breaks on both end cap edges 

Small breaks on both end cap edges 

S p l i t  on f r o n t  p l y  from upper l e f t  corner  
down approximately 4" i n  from end j u s t  above 
lower edge cap. Small breaks on both end cap 
edges 

S p l i t  a t  upper l e f t  end across  end cap on f r o n t  
p l y  - breaks on both end cap edges 

Small breaks on both end cap edges 

Small breaks on both end cap edges 

Small breaks on both end cap edges 

Small breaks on both end cap edges 

Small breaks on both end cap edges 

Breaks on both end cap edges - numerous wrinkles 

Breaks on both end cap edges - numerous wrinkles 

Breaks on both end cap edges - numerous wrinkles 

Breaks on both end cap edges - numerous wrinkles 

Breaks on both end cap edges - numerous wrinkles 

Breaks on both end cap edges - numerous wrinkles 

Breaks on both end cap edges - numerous wrinkles 

Breaks on both end cap edges - numerous wrinkles 

Breaks on both end cap edges - numerous wrinkles 

Breaks on both end cap edges - numerous wrinkles 

samples produced r e l a t i v e l y  cons i s t en t  resu l t s  
with good f l e x i b i l i t y  and low permeabili ty.  
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T238 Descr ipt ion 

-1 

-2 

-3 

-4 

-5  

-6 

-7 

-8 

-9 

- 10 

,047 

a 024 

055  

.049 

.054 

,053 

,053 

.045 

.056 

045 

.042 

.036 

.052 

.053 

,052 

.055 

.049 

052 

.060 

.045 

13 F l y s  of .25 m i l  Mylar C 
lst, 7 t h  and 13 th  p lys  
2 m i l  Nomex paper 

200 

200 

200 

200 

100 

100 

100 

100 

50 

50 

A l l  of t h e  T238 samples had 

Breaks on both end cap edges - creases and 
wrinkles on f r o n t  and back p l y s  

Breaks on both end cap edges - creases and 
wrinkles on f r o n t  and back p l y s  

Breaks on both end cap e d g e s -  creases and 
wrinkles on f r o n t  and back p lys  

Breaks on both end cap edges - creases and 
wrinkles on f r o n t  and back p lys  

Breaks on both end cap edges - creases and 
wrinkles on f r o n t  and back p l y s  

Breaks on both end cap edges - creases and 
wrinkles on f r o n t  and back p lys  

Breaks on both end cap edges - creases and 
wrinkles on f r o n t  and back ply$ 

Breaks on both end cap edges - creases and 
wrinkles on f r o n t  and back p lys  

Breaks on both end cap edges - creases and 
wrinkles on f r o n t  and back p l y s  

Breaks on both end cap edges - creases and 
wrinkles on f r o n t  and back p l y s  

brea%s on both end cap edges - creases and 
wrinkles on f r o s t  and back p lys .  Only s l i g h t  increase i n  permeabili ty.  
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T239 Descr ip t ion  13 P lys  of .25 m i l  Mylar C 
lst,  7 t h  and 13th  p l y s  of 2.2 02. Dacron f a b r i c  

-1 D 19 17 200 Breaks on both end cap edges - no o t h e r  v i s i b l e  
damage 

damage 

damage 

d amage 

damage 

-2 .15 .17 200 Breaks on both end cap edges - no o the r  v i s i b l e  

-3- 16 15 200 Breaks on both end cap edges - no o the r  v i s i b l e  

-4 26 24 200 Breaks on both end cap edges - no o the r  v i s i b l e  

-5 e 15 14  150 Breaks on both end cap edges - no o the r  v i s i b l e  

-6 0 11 a 12 150 Breaks on both end cap edges - no o the r  v i s i b l e  
damage 

damage 
-7 0 12 0 11 100 Breaks on both end cap edges - no o the r  v i s i b l e  

-8 0 19 .15 100 Breaks on both end cap edges - no o t h e r  v i s i b l e  
damage 

damage 

damage 

-9 0 22 .21  50 Breaks on both end cap edges - no o the r  v i s i b l e  

-10 .23 D 22 50 Breaks on both end cap edges - no o t h e r  v i s i b l e  

A l l  of the T239 samples had breaks o n b o t h  end cap edges - no wrinkles  or o t h e r  
v i s i b l e  e f f e c t s  from kwist-flexing. 

E-270 - I  
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0 Samples T240 through T247 are t e s t e d  i n  Sec t ion  3.8.2, page 3-149 
Seamed Twist-Flex T e s t  Data. 

0 Samples T248 through T253 are tested i n  Sec t ion  3.8.3, page 3-159 
Seamed Twist-Flex T e s t  D a t a .  

S ingle  P ly  
I I  

11 Multi-Ply 
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T254 Descr ipt ion Al te rna t ing  p l y s  of 2 m i l  Nomex and .25 m i l  
Mylar (6 p l y s  of Nomex and 5 p l y s  of Myiar) 
Lap Seams 1/2" wide i n  Nomex; But t  Seams 
1/2" wide i n  Mylar 

-1 

-2 

-3 

-4 

-5  

-6 

-7 

-8 

-9 

- 10 

.008 

a 007 

.0096 

. O l  

.0076 

e 0073 

.008 

a 006 

.0066 

e 0086 

0 33 

0 21 

.71 

1.3 

e 28 

1.7 

52 

a 68 

.46 

07 

200 

200 

200 

200 

150 

150 

100 

100 

50 

50 

Several  ho le s  and areas worn t h i n  on f r o n t  and 
back p l y s  

Several  ho le s  and areas worn t h i n  on f r o n t  and 
back p lys  

Several  ho le s  and areas worn t h i n  i n  most p lys  

Several  ho le s  and areas worn t h i n  i n  most p l y s  

Several  areas worn t h i n  on f r o n t  and back p lys  

Several  ho le s  and areas worn t h i n  i n  most pLys 

One hole  on f r o n t  ply - seve ra l  p l aces  worn 
very t h i n  on f r o n t  and back p l y s  

Several  p l aces  worn very t h i n  on f r o n t  and back 
PlYS 

PlY s 

PlYS 

Several  s l i g h t l y  worn p l aces  on f r o n t  and back 

Several  s l i g h t l y  worn places  on f r o n t  and back 

Increased d e t e r i o r a t i o n  and permeabili ty Call p lys)  over configurat ion such 
as T238 where Mylar  p lys  are used i n  groups of 5 between Nomex p lys .  

B-2 1 



Engineering Report . 
ER 15091 

Appendix B (Cont 'd ) 

'E255 Descr ipt ion 

-1 0063 

-2 .0083 

-3 .0096 

-4 0 0x1 

-5 017 

-6 013 

-7 0096 

-8 011 

-9 0 009 

-10 .008 

7 , 1  

6.6 

6.4 

6 - 5  

4.9 

7.2 

4.9 

1.7 

"31 

1.3 

Al te rna t ing  p lys  of 2 m i l  Nomex and , 5  m i l  
Kapton (6 p lys  of Nomex and 5 p lys  of Kapton) 
Lap Seams 1/2" w i d e  i n  Nomex 
B u t t  Seams 1/2" wide i n  Kapton 

200 Several  holes  and areas worn t h i n  on each p ly  

200 Several  ho les  and areas worn t h i n  on each p ly  

200 Several  holes  and areas worn t h i n  on each p ly  

200 Seam separa t ion  .25" long on f r o n t  ply-holes 
and areas worn t h i n  on each p ly  

150 Several  ho les  and areas worn t h i n  on each p ly  

150 Several  holes  and areas worn t h i n  on each p ly  

100 Several  holes  and areas worn t h i n  

100 Several  ho les  and areas worn t h i n  

50 Several  ho les  and areas worn t h i n  

50 Several  holes  and areas worn t h i n  

Much poorer performance and more extensive damage than T254, ind ica t ing  t h a t  
.5  m i l  Kapton i s  i n f e r i o r  t o  .25 m i l  Mylar C i n  t h i s  configurat ion.  

T256 Descripcion 1 Ply 2 m i l  Nomex 
B u t t  Seam 1/2" wide  using 
GT. 300 on both s ides  

-1 0 33 7.2 200 Several  p in  holes  and areas worn t h i n  

-2 25 7.0 200 Several  p in  holes  and areas  worn t h i n  

-3 9 27 6 , 8  200 Several p in  holes and areas worn t h i n  

-4 66 7 - 2  200 Several  p in  holes  and areas worn t h i n  

-5 51 6.5 200 Several  p in  holes  and areas worn t h i n  

Good f l e x  performance; near ly  as good as l /2  inch wide l a p  seam using G'E 100. 

B-22 
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T257 Descr ipt ion 1 Ply of Dacron Fabr ic  2.2 oz. 
B u t t  Seam 1/2" wide using GT 300 on both s i d e s  

-1 * * 200 Permanent creases - no o the r  v i s i b l e  damage 

-2 * * 200 Permanent creases - no o the r  v i s i b l e  damage 

* N o  permeabi l i ty  reading because of high normal poros i ty .  

-3 * * 200 Permanent creases - no o the r  v i s i b l e  damage 

-4 * * 200 Permanent creases - no o the r  v i s i b l e  damage 

-5 * * 150 Permanent c reases  - no o the r  v i s i b l e  damage 

* N o  permeabi l i ty  reading because of high normal poros i ty .  Good f l e x  per- 
formance; equal t o  1/2" w i d e  l a p  seam using GT 100. 

T258 Descr ipt ion Al te rna t ing  p lys  of .25 m i l  Mylar  
and Spunbonded Dacron Fabr ic  
(6 Mylar - 5 Dacron) 
Lap Seams 1/2" wide Spunbonded 
But t  Seams 1/2" w i d e  i n  M y l a r  

-1 0 6.3 60 Vertical s p l i t  3" Long on f r o n t  p ly  a t  r i g h t  
end; s m a l l  ho les  i n  a l l  M y l a r  p lys  

-2 0 0 4 S p l i t  on f r o n t  p l y  across hor izonta l  seam 

-3 0 7 .1  85 3-corner s p l i t  on f r o n t  p ly  across hor i zon ta l  
seam (2) p laces  and across v e r t i c a l  seam (1) 
place ;  s m a l l  ho le  i n  one i n t e r i o r  Mylar p ly  

f r o n t  p l y ;  hole  i n  i n t e r i o r  Mylar p ly  
-4 0 4.8 3 S p l i t  across  v e r t i c a l  and ho r i zon ta l  seam on 

-5 .0013 0 4 S p l i t  across  hor izonta l  seam on f r o n t  p ly  

-6 0 0 3 S p l i t  across hor i zon ta l  seam on f r o n t  p ly  

-7 0 5.3 50 Hole(s) i n  seam of 5 Mylar p lys  

-8 0 3.6 3 S p l i t  across hor i zon ta l  seam on f r o n t  p l y ;  
ho les  i n  seve ra l  i n t e r i o r  or Mylar p lys  

-9 0 0 5 S p l i t  across v e r t i c a l  and ho r i zon ta l  seam on 

-10 0 0 18 Inc ip i en t  f a i l u r e  of f r o n t  p l y  a t  end seam (2) 

Very poor f l e x  l i f e  and high permeabi l i ty  i f  f lexed  more than 5 cyc le s ;  
spun-bonded s u b s t r a t e  appears t o  induce high stress i n  t h e  Mylar p lys  of t h i s  
configurat ion,  a s  evidenced by frequent  ho les  i n  seams of Mylar plys .  

f r o n t  p l y  

p laces  
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DETAIL PERMEABILITY TEST DATA 

TABLE C-1 

Control T e s t  - Film Permeabili ty 

TEST - 
(a) 0.5 m i l  Mylar 

SAMPLE NO. 

(b) Schjeldahl  
Group I 

0.15 m i l  Mylar  

Group I1 
0.25 m i l  Mylar 

Group I1 
0.25 m i l  Mylar  

TC1- 1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
- 10 
-11 
-12 
- 13 
-14 

PC15-1 
-2 
-3 
-4 
-5 

PC25- 1 
-2 
-3 
-4 
-5 
-6 

PS25-1 
-2 
-3 
-4 
-5 

BURETTE 
CC/SEC 

0.0015 
0,00083 
0.00067 

0.00117 
0,0013 

-- 
0.00033 
0.0027 
0.0005 

0.0010 
-- 

3.4 
4.0 
3.3 
3.7 
2.0 

0.20 

0.13 
2.6 
3.5 
0.018 

-- 

0.06 

0.13 
0.003 
0.017 

-- 

BEAKER 
BUBBLES/MIN 

5 
2 

Samples S p l i t  -- 
2 
1 

5 -- 

Hole 
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PO 
50 

TEST 

(c) NASA-LeRC 

- 

0.15 mil Mylar 

Appendix C (cont 'd) 

TAl3LE 6-1 (cont'd) 

0.25 mil Mylar 

(d) Boeing 
0.25 mil Mylar 

(Plain Film) 

0.25 mil Mylar 
(Thermof ormed) 

SAMPLE NO. 

PN15- 1 
-2 
-3 
-4 
-5  

PN25- 1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
- 10 

PB25-1 
-2 
-3 
-4 
-5  

T301-1 
-2 
-3 
-4 
-5 
-6 

(e) Engineering & Development 60. T401- 1 
0.25 mil Mylar -2 
Ultrasonic Seamed -3 

-4 
-5 
-6 

BURETTE BEAKER 
CC/SEC: BUBBLES/MEN 

1.5 
7.6 
7.6 
0.60 
0.83 

0.010 
0 470 
0 0056 
0 0026 
0 v 001 
0 0083 
0 0026 
3 , 5  
0 0083 
0.006 

0 018 
0 066 
0 053 
4,6 
0,16 

0.97 
407 
6,5 
4.5 
4.4 
2,3 

Excessive 
I 1  

11 

1 1  

I f  

11  

1 Hole 
1,5 
0.0 
0.0 
3,O 
1 , o  
1 Hole 
3 , O  
1,o 

5,O 
1,o 
16,O 

43.0 

c- 2 
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TEST 

( f )  Branson Indus t r i e s  
(As  Noted) 

Mylar 

- 

Appendix C (cont 'd)  

TABLE C-1 (cont 'd )  

BURETTE BEAKER 
SAMPLE NO. CC/SEC BUBBLES/MM 

0.5 m i l  PUB- 1 
0.5 m i l  -2 
0.5 m i l  -3 
2.0 m i l  -4 
*1.0 m i l  -5 
*1.0 m i l  -6 

* Plus  t w o  Dacron p l y s  of 3.0 m i l  

(1) Holes adjacent  t o  seam area 

TABLE C-2 

MultiDle Plv Tes t s  

0.25 
6.1 
2.4 
0.0 
0.023 
0.032 

64 
3 H d e s  (1) 
4 Holes (1) 

0 
4 
3 

In these  tests 0.15 m i l  Mylar C received from DuPont w a s  used by s t a r t i n g  
with 5 p lys  o f  f i l m  i n  which t h e  edges were loose ly  bonded toge the r  during 
t h e  c u t t i n g  operat ion.  A f t e r  t h e  5 p lys  were t e s t e d  then one p l y  was 
peeled off and t h e  remaining 4 p ly  sample w a s  t e s t e d .  This  procedure 
w a s  continued u n t i l  the  last s i n g l e  p l y  w a s  t e s t e d .  

Tes t  Number 1 PN15-1 

Number of Plys  Permeabi l i ty  i n  cc/sec. 

0 .o 
0.0 
0.0 
0.0 
0.0010 

c- 3 
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Appendix C (cont 'd)  

TABLE C-2 (CoYt'd) 

During t h i s  test t h e r e  w a s  no ind ica t ion  of gas  transmis- 
s ion  u n t i l  t h e  s i n g l e  ply was t e s t e d .  From a permeabili ty 
viewpoint t h e  use of t w o  p lys  would s a t i s f y  t h e  condi t ion  
of zero permeabi l i ty  i n  a five-minute period. 

T e s t  Number 2 PN25-1 

Number of F lys  Permeabili ty i n  cc/sec.  

0.0 
0.0 
0.0 
0.0 
0.0 

There was no measurable leakage during a five-minute 
period i n  any of t h e  tests on 0.25 m i l  Mylar mater ia l  
from DuFont. This  would i n d i c a t e  t h a t  t h e  0.25 m i l  
mater ia l  i s  less porous than  t h e  0.15 m i l  ma te r i a l  and 
t h i s  r e su l t  should be expected. 

I n  T e s t s  Number 3 and Number 4 .15 m i l  and .25 m i l  Mylar C was used which 
was obtained from r o l l s  of f i l m  used t o  make t e s t  samples, These f i l m  
samples w e r e  added toge ther  t o  produce t h e  mul t ip le  ply t e s t  which d i f f e r e d  
from Tes t  Number 1 and Number 2 i n  which p lys  were removed. 

I n  t h e s e  t e s t s  -1 ply  had an excessive l e a k  reduced only by t h e  addi t ion  of 
t h e  second ply. 

TEST - 
T e s t  Number 3 PC15 

Fly Additions 
0.15 m i l  Mylar 

BURETTE BEAKER 
SAMPLE NO. CCISEC BUBBLES/MIN 

-1 3.4 1 Hole 
-1, -2 0.16 40.0 
-1, -2, -3 0.027 6.0 

-1, -2, -3, -4 0.60 38.0 
-1, -2, -3, -4, -5 0.10 5.0 
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TABLE C-2 (cont 'd)  

BURETTE BEAKER 
CC/SEC BUBBLES/MIN TEST SAMPLE NO. - 

Test  Number 4 PC25 

0.25 m i l  Mylar -1 3 .6  
-1, -2 0.0053 

-1,-2,-3 0.004 
-1, -2, -3, -4 0.0043 

-1,-2,-3,-4,-5 0.0016 

2 . 0  
0.0 
0.0 
0.0 
0.0 

CONCLUS ION 

The permeation is not reduced s i g n i f i c a n t l y  a f t e r  t h e  t h i r d  p ly  i s  added. 
It  is  bel ieved t h a t  p o i n t s  of po ros i ty  i n  a p a r t i c u l a r  f i l m  might be blocked 
by an ad jacent  f i l m  on occasions thus  randomizing t h e  resul ts .  

TABLE C-3 

Increasing Pressure Tes t  

This  test  w a s  performed t o  provide a b e t t e r  understanding of t h e  e f f e c t  of 
pressure  upon t h e  gas  t ransmission rate through a f i lm.  
Mylar C and t h r e e  0.15 m i l  Mylar C f i lms  from DuPont were used f o r  t hese  
tests. 

Three 0.25 m i l  

Each sample w a s  placed i n t o  the  permeabi l i ty  f i x t u r e  and t h e  pressure  w a s  
increased i n  increments of 5 inches of water from zero  t o  35 inches of 
water pressure .  Each pressure  was held f o r  a per iod of 5 minutes during 
which t i m e  a b u r e t t e  measured t h e  volume of helium gas passing through 
t h e  f i lm.  The fol lowing d a t a  is  graphed on Figure 3.25. 

Sample No. Pressure  Permeabi l i ty  i n  cc/sec 

PVP25- 1 5" H20 
10" H20 
15" H20 
20" H20 
25" H20 
30" H20 
35" H20 

0.0 
0.0 
0.0 
0.0 
0.0010 
0.0010 
0 a 0016 
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TABLE C-3 (cont'd) 

Sample No. 

PVP25-2 

PVP25-3 

WP15-1 

WP15-2 

PVP15-3 

Pressure 

15" H20 
20" H20 
25" H20 
30" H20 
35" H20 

Pres sure 

5" H20 
10" H20 
15 '' H20 
20 '' H20 
25 " H20 
30" H20 
35" H20 

Pressure 

Permeability in cc/sec. 

0.0 
0.0 
0-0 
0.0 
0.0 

Permeabilitv in cc/sec. 

0.0073 
0.017 
0.022 
0.024 
0.039 
0.044 
0.047 

Permeabilitv in cc/sec. 

5" H20 
10" H20 
15 " H20 
20" H20 
25" H20 
30" H20 
35" H20 

Pres sure 

0.0016 
0.0016 
0.0020 
0 0 0020 
0 0030 
0.0030 
0.0033 

Permeability in cc/sec. 

5" H20 
10" H20 
15" H20 
20f' H20 

Pressure 

5ff H20 
10" H20 
15 " H20 

0.0010 
0.0026 
0 - 0033 
0.0033 
0,0036 
0.0040 
0.0040 

Burette cc/sec. 

0.0030 
0.0070 
0.014 
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’ TABU C-3 (cont’d) 

PVP15-3 (cont Id)  Pres s u r e  

20” H20 
25” H20 
30” H20 
35” H20 

CONCLUSIONS 

Engineering Report 
ER 15091 

B u r r e t t e  cc/sec, 

0 018 
0 * 022 
0.027 
0.030 

The rate  of gas  t ransmission through Mylar f i l m s  increases  with increase  
i n  pressure  d i f f e r e n t i a l  across t h e  f i l m .  Although one sample i n  t h e s e  
tests showed no permeabi l i ty  it i s  presumed t h a t  i f  a longer  per iod of t i m e  
had been allowed a t  each pressure  s e t t i n g ,  the r e s u l t s  would fol low t h e  
o t h e r  samples, but a t  a lower gas  t ransmission rate. 

It i s  important t o  note  t h a t  although a l l  permeabi l i ty  tests f o r  t h i s  program 
have been conducted a t  1 p s i  or 28 inches of w a t e r  pressure,  it is  no t  an t i -  
c ipa t ed  t h a t  t h e  bladder  w i l l  r ece ive  m o r e  than a f e w  inches of d i f f e r e n t i a l  
p ressure  during cycl ing.  This  lower operat ing pressure  w i l l  t h e r e f o r e  be 
advantageous i n  reducing t h e  permeabi l i ty  through t h e  bladder.  The perme- 
a b i l i t y  of some materials of l o w  permeabi l i ty  s t a y s  r e l a t i v e l y  cons tan t  even 
when t h e  pressure  is  increased.  Pressure increase,  though, can cause in- 
creased permeabi l i ty  i n  c e r t a i n  materials and even cause some material t o  
become permeable when they are no t  a t  lower pressure.  

TABLE c-4 

Combination Tes t  (Water and Buret te)  

The Combination T e s t s  involved f o u r  sepa ra t e  tests on each material f o r  t h e  
purpose of comparing t h e  d i f f e r e n t  test  methods and t o  v e r i f y  t h a t  perme- 
a t i o n  is p o s s i b l e  through water without v i s i b l e  bubbles. 

The f irst  test w a s  performed i n  t h e  regular  manner i n  which t h e  sample w a s  
i n s t a l l e d  i n  t h e  permeabi l i ty  f i x t u r e  and 1 p s i  of helium gas  w a s  placed on 
t h e  underside of t h e  f i lm.  The gas pass ing  through the f i l m  w a s  c o l l e c t e d  
and measured on a b u r e t t e  over  a five-minute period. 

The second test involved t h e  use  of an open t o p  p l a t e  in, which a l a y e r  of 
water was placed over t h e  sample t h e  helium gas  a t  1 p s i  w a s  under t h e  
f i l m  sample. The appearance of bubbles w a s  noted. In  many cases, however, 
no bubbles were observed even though t h e  f i r s t  permeabi l i ty  test ind ica ted  
gas  transmission. 
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TABLE C-4 (cont 'd)  

The t h i r d  test combined t h e  f irst  two by leaving t h e  water on top  of t h e  
sample and then t h e  b u r e t t e  w a s  a t tached  so t h a t  t h e  gas which passed 
through t h e  sample and t h e  water could be c o l l e c t e d  and measured. 

The f o u r t h  t es t  w a s  a r epea t  of t h e  f i r s t  test a f t e r  t h e  sample w a s  thoroughly 
dry  t o  see i f  moisture a f f ec t ed  t h e  gas transmission through t h e  sample. The 
following d a t a  shows t h e  r e s u l t s  of t hese  tests. 

1st Test 
Sample No .  (Bure t te  Only) 

PC25- 1 0 0076 
PC25-2 0 0 019 
PC25-3 0.064 
PS25-1 --- 
PS25- 2 
PS15-2 --- 

--- 

2nd T e s t  
(Water Only) 

No Bubbles 
One Hole 
No Bubbles 
No Bubbles 
N o  Bubbles 
No Bubbles 

3 rd  Test 4 th  Test 
(Water & Bure t te )  (Burette Only) 

0 a 0070 0.0076 
0.24 0.025 
0.0036 0 074 
0 e 018 
0 a 006 
0 e 013 

--- 
--- 
--- 

CONCLUSIONS 

An important conclusion t h a t  can be made by t h i s  d a t a  is t h a t  it i s  poss ib l e  
t o  have cons iderable  permeation through a sample and water without any v i s i b l e  
i n d i c a t i o n  by t h e  formation of bubbles. The d i f f e rence  i n  permeabi l i ty  read- 
ings  before  and a f t e r  t h e  water test is  wi th in  the normal range of r epea tab le  
readings proven by tests i n  Table 6-6, Repea tab i l i t y  Tes t s .  Tes t s  have shown 
t h a t  it i s  poss ib l e  t o  have up t o  0.018 cc/sec permeation over a 30 square inch 
sample of 0.25 Myla r  without bubble formation. 

Using bubbles i n  water as an ind ica t ion  of gas transmission is, the re fo re  not  
a s a t i s f a c t o r y  method. 

TABLE 6-5 

Consecutive Reading Tes t s  

The purpose of t h i s  series of tests w a s  t o  determine i f  t h e r e  w a s  a length  
of t i m e  of p re s su r i z ing  t h e  sample i n  which t h e  ra te  of gas  transmission 
would s t a b i l i z e  and remain cons tan t .  Three d i f f e r e n t  samples of 0.15 m i l  
Mylar C obtained from DuPont were used i n  which they were pressur ized  t o  
one p s i  of helium and held cons tan t  f o r  a per iod  of up t o  30 minutes. 
permeabi l i ty  w a s  measured during each five-minute consecutive period and 
t h e  r e su l t s  were p l o t t e d  i n  Figure 3.26, 

The 
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Sample No. 

PD15- 1- 1-6 

PD15- 2- 3 - 10 

PD15-3-3-7 

Appendix C (cont 'd)  

TABLE C-5 (cont 'd)  

CONSECUTIVE READING TEST DATA 

Time - 
5 minutes 

10 minutes 
15 minutes 
20 minutes 
25 minutes 
30 minutes 

Time - 
5 minutes 

10 minutes 
15 minutes 
20 minutes 
25 minutes 

Time - 
5 minutes 

10 minutes 
15 minutes 

.I 

Permeabili ty cc/sec. 

0 0066 
0.0096 
0.011 
0.011 
0.010 
0.011 

Permeabili ty cc/sec. 

0 0 010 
0,014 
0.014 
0 e 014 
0.014 

Permeabili ty cc/sec. 

0 017 
0 021 
0 0 022 

CONCLUSIONS 

The d a t a  i n d i c a t e s  t h a t  a f t e r  approximately 15 minutes t h e  permeabi l i ty  rate 
s t a b i l i z e s  and w i l l  s t a y  uniform t h e r e a f t e r .  The rate of permeabi l i ty  in- 
creases f o r  10 t o  15  minutes and then becomes s teady.  This  would i n d i c a t e  
t h a t  i t  would be d e s i r a b l e  t o  w a i t  f o r  a t  least 15 minutes before t ak ing  a 
permeabi l i ty  reading for  utmost accuracy. The procedure followed i n  t h i s  
program w a s  t o  take readings a t  exac t ly  f i v e  minutes thereby providing a 
consistency which should r e s u l t  i n  a cons tan t  r e l a t i o n s h i p  between each 
sample's permeabi l i ty  a t  a spec i f i ed  t i m e .  
permeabi l i ty  f o r  each t i m e  stayed r e l a t i v e  t o  t h e  o t h e r  samples. 

The d i f f e rence  i n  each sample's 

TABLE C-6 

Repea tab i l i t y  Tes t s  

In  o rde r  t o  determine i f  t h e r e  w a s  a s i g n i f i c a n t  d i f f e rence  i n  permeabi l i ty  
readings when made on t h e  same sample at d i f f e r e n t  t i m e s ,  or due t o  r epea t  
pres 'sur izat ion,  as w e l l  as t o  observe t h e  accuracy of ope ra to r  technique, 
t h e  following tests were run on t h r e e  d i f f e r e n t  samples. It should be noted 
t h a t  each sample w a s  given a t y p i c a l  handling and permeabi l i ty  test  i d e n t i c a l  
t o  t h a t  performed on a sample p r i o r  t o  a tw i s t - f l ex  test. After each tes t  
t h e  sample w a s  removed and then  r e - in s t a l l ed  as i f  f o r  t h e  f i r s t  t i m e .  This  

c- 9 
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Appendix C (cont'd) 

TABLE C-6 (cont 'd) 

introcluced t h e  f a c t o r  of i n s t a l l a t i o n ,  random wrinkl ing and gasket s e a l i n g  
not prev ious ly  inves t iga t ed  i n  t h e  previous test .  

REPEATABILITY TEST DATA 

Sample No. 

PD15- 1- 1-6 

PD15- 2-3- 10 

PD15-3-3-7 

PC25- 6 

CONCLUSIONS 

Test - 
1st 
2nd 
3 rd 
4th 
5 th  
6 t h  

Test 

1st 
2nd 
3 rd 
4 th  
5 t h  
6 t h  

- 

T e s t  

1st 
2nd 
3 rd 
4 th  
5th 
6 t h  

- 

Test 

1st 
2nd 
3 rd 
4 th  
5 th  
6 t h  

- 

Permeabi l i ty  Reading cc/sec. 

0 e 073 
0.066 
0 a 068 
0 085 
0.069 
0.082 

Permeabili ty Reading cc/sec. 

0 0 012 
0 013 
0.011 
0.010 
0 * 012 
0.013 

Permeabi l i ty  Reading cc/sec. 

0.017 
0 * 019 
0 016 
0.021 
0.11 
0.092 

Permeabi l i ty  Reading cc/sec. 

0.015 
0.016 
0.013 
0 016 
0.017 
0.015 

The f i rs t  two samples ind ica ted  t h a t  a +15% v a r i a t i o n  can be expected i n  
reading of permeabi l i ty  data.  The t h i r d  sample would show t h a t  i n  some 
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Appendix C (cont 'd)  

TABLE C-6 (cont 'd) 

rare cases a d i f f e rence  can amount t o  seven t i m e s  t h e  lowest reading. 
Figure 3.27 i l l u s t r a t e s  t h i s  va r i a t ion .  

TABLE C-7 

Leak R a t e  versus  Hole S ize  

There must be a c o r r e l a t i o n  between t h e  number of ho les  c rea ted  by t h e  f l e x  
cycle  and the  increase  i n  gas  transmission. An attempt w a s  made t o  v i s u a l i z e  
and compare t h e  permeabi l i ty  of d i f f e r e n t  ma te r i a l s  with t h e  same s ize  hole .  

The t w o  samples used i n  these  tests were checked before  and a f t e r  t he  hole 
was added i n  order  t o  i s o l a t e  t h e  gas  t ransmission a t t r i b u t e d  t o  the  hole  
alone. Helium gas w a s  used a t  one p s i  p ressure  f o r  a l l  tests. 

GAS TRANSMISS ION IN CC/SECOND 

PH25 Without H o l e  With Hole of 0.007" Diameter - 
-1 0.00066 2.2 
-1 0.0 1 .5  
-3 0.0056 1 .2  

PH15 

-1 
-2 
-3 

- 

CONCLUSIONS 

Without H o l  e With H o l e  of 0.007" D i a m e t e r  

0.015 0.92 
0.0016 1 .5  
0 00066 7 . 1  

T h e ' d i f f i c u l t y  of accura te ly  c rea t ing  a uniform hole  f o r  t he  purpose of 
comparing gas  t ransmission rate's w a s  g r e a t e r  than an t i c ipa t ed .  
a t i o n  comparison w a s  a f f ec t ed  by th i s  d i f f i c u l t y  but a c o r r e l a t i o n  of 
uniformity between samples w a s  poss ib le .  

The perme- 
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Appendix C (cont 'd)  

TABLE C-8 

DuPont Mylar Corre la t ion  Tests 

The following tests w e r e  performed t o  f i n d  a c o r r e l a t i o n  between methods 
of q u a l i t y  con t ro l  used by DuPont i n  t he  production of Mylar  and the  
permeabi l i ty  measurement methods described i n  Paragraph 3.6,4.  

The DuPont Mylar C samples were provided NASA-Lewis toge ther  with t h e  
q u a l i t y  cont ro l  data and coded f o r  l a te r  comparison. This  material w a s  
then forwarded to Beech f u l l y  coded but without t h e  ac tua l  q u a l i t y  cont ro l  
f i gu res .  

Three 0.25 m i l  Mylar groups were t e s t e d  t o t a l i n g  30 separa te  f i l m  samples. 
None 0.15 m i l  Mylar groups w e r e  t e s t e d  t o t a l i n g  90 samples. 
of t hese  tests are shown below and graphed on Figure 3.28. The r e l a t ion -  
s h i p  of t he  observed permeation values  with the  DuPont d i e l e c t r i c  s t r eng th  
d a t a  is  shown on Figure 3.29. 

The r e s u l t s  

Each sample was subjected t o  the  normal permeabi l i ty  tes t  a t  Beech of one 
p s i  of helium gas.  The gas t ransmission w a s  measured on a bu re t t e  i n  
cc/sec.  

BEECH PERMEABILITY DATA (DUPONT SAMPLES) 

Sample I d e n t i f i c a t i o n  Sample Dash N o .  Permeabi l i ty  cc/sec. 

PD15-1- 1 
#557321 (C) 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

0.006 
0.0043 
0.0033 
0.004 
0.0013 
0.0066 
0.0023 
0.002 
0 0007 

- 10 0,0003 
Aver  age 0.0031 
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Sample I d e n t i f i c a t i o n  

PD15-1-2 
#557321 (TE) 

PD15-1-3 
#557321 (NTE) 

PD15- 2- 1 
#557339 (6) 

Appendix C (cont 'd)  

TABLE C-8 (cont 'd) 

Sample Dash No. 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
- 10 

Engineeri  - 

Permeabili ty cc/sec. 

0 e 0013 
0.0033 
0.0036 
0.0096 
0.003 
0.0007 
0.0023 
0.0003 
0.0013 
0.001 

Aver  age 0.0026 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

0,003 
0.0033 
0.0023 
0.056 
0.0033 

0.001 
0.0026 
0.0 

*o, 11 

- 10 0.0086 
Aver age 0.019 
Corrected Average *o. 009 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

0.022 
0 e 002 
0.025 
0.024 
0.0093 
0.0003 
0.0023 
0.0007 
0.0016 
0.0036 
0.0091 

- 10 
Average 
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Appendix C (cont'd) 

TABLE C-8 (cont'd) 

Sample Identification Sample Dash No. Permeability cc/sec. 

PD15-2- 2 
#557339 (TE) 

PD15-2-3 
#557339 (NTE) 

PD15- 3 - 1 
#557345 (C) 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

0.012 
0.0023 
0.042 
0 0026 
0.0033 
0 e 0013 
0 001 
0.001 
0 004 
0 0066 - 10 

Average 0 0076 

-1 0.0026 
-2 0 a 018 
-3 * O .  18 
-4 0 0053 
-5 0.0033 
-6 0 002 
-7 0.0023 
-8 0.0007 
-9 0,0026 
- 10 0 e 0086 
Average 0 a 0225 
Corrected Average * O .  0050 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

*O 34 
0 0036 
0.035 
0 0013 

0.001 
0.0013 
0 ., 0007 
0 a 0063 

* O .  13 

- 10 0 002 
Average 0 a 0521 
Corrected Average *OD 0064 
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Sample Identification 

PD15-3- 2 
#557345 (TE) 

PD15-3-3 
#557345 (NTE) 

PD25- 1 
#500341 (6) 

Appendix C (cont'd) 

TABLE 6-8 (cont'd) 

Sample Dash No. 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8  
-9 

Engineering Report _. 
ER 15091 

Permeability cc/sec. 

0,0013 
0 0036 
0 a 003 
0.0156 
0.0076 
0.0066 
0 0007 
0.001 
0,0016 

- 10 0.0 
Average 0.0041 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

0.0016 
0.09 
0.054 
0.0013 
0 0073 
0.0013 
0,018 
0.0007 
0.0 

- 10 0.0 
Average 0.0126 

-1 
-2  
-3 
-4 
-5 
-6 
-7 
-8 
-9 

0.0013 
0.002 
0.002 
0.0007 
0.0016 

0.00081 
0 * 0010 
0.00079 

*0.35 

- 10 0.0016 
Average 0.0361 
Corrected Average *o. 0022 
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Appendix C (cont 'd) 

TABLE C-8 (cont 'd)  

Sample I d e n t i f i c a t i o n  Sample Dash No. 

PD25-2 -1 
#500341 (TE) -2 

-3 
-4 
-5 
-6 
-7 
-8 
-9 
- 10 

PD25-3 
#500341 (NTE) 

Engineering Report I 

ER 15091 

Permeabi l i ty  cc/sec. 

$0.11 
0 a 0007 
0 0053 
0 00079 
0 e 0023 
0 00075 
0.0010 
0.0010 
0.00068 
0.00075 

Average 0 0123 
Corrected Average * O .  0013 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

0 * 001 
0 0023 
0.001 
0 e 0007 
0.001 
0 e 00091 
0 a 00069 
0 00068 
0.00065 

- 10 0.00071 
Average 0 0 0009 

* This d a t a  w a s  discaraed i n  ob ta in ing  an average s ince  it appeared t o  be 
i s o l a t e d  d a t a  and not con t r ibu t ing  t o  t o t a l  accuracy. The inc lus ion  of these  
excessive permeabi l i ty  f igu res ,  however, did not permit any b e t t e r  c o r r e l a t i o n  
with t h e  electrical  s t r e n g t h  d a t a  from DuPont. 

DUPONT DIELECTRIC STRENGTH TEST DATA (DuPont Mylar  Film Samples 

DuPont uses  a d i e l e c t r i c  s t r e n g t h  test  as a q u a l i t y  con t ro l  method i n  t h e  
production of Mylar.  The f i l m  t o  be t e s t e d  is  subjected t o  inc reas ing  
vol tage  and t h e  number o f  breakdowns determine t h e  acceptance of the  f i lm .  

0.15 m i l  Mylar a t  200 v o l t s  17 s u r v i v a l s  out of 20 is  acceptable 
0.15 m i l  Mylar a t  500 v o l t s  10 s u r v i v a l s  out of 20 i s  acceptable 

0.25 m i l  Mylar  a t  400 v o l t s  19 s u r v i v a l s  ou t  of 20 is acceptable 
0.25 m i l  Mylar  a t  1000 v o l t s  17 s u r v i v a l s  out of 20 is  acceptable 

I The material supplied for t h e  c o r r e l a t i o n  tests had t h e  following e l e c t r i c a l  
test r e s u l t s :  

C-16 
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TABLE C-8 (cont 'd)  

DUPONT DIELECTRIC STRENGTH DATA 

Average 

Gauge (DuPont (Beech) a t  Voltage Indicated Volt age 
Sample No. Sample No.  No. Samples/$O Fa i l ing  Breakdown 

15 557321 PD15-1 
15 557339 PD15- 2 
15 557345 PD15- 3 
25 500341 PD25-1 

1000 - 200 - 500 - 
11 3 - 63 8 
0 0 - 97 0 
0 0 - 688 
- - 0 1905 

Sample N o .  Permeab i 1 it y (cc/hour ) 

PD15- 1 0.0049 
PD15-2 0.0074 
PD15-3 0.0078 
PD25- 1 0.0011 

DuPont Myla r  Sample Groups 

Gauge Sample Number and Designation (DuPont) 

15 
15 
15 
15 
15 
15 
L5 
15 
15 

25 
25 
25 

557321 
557321 
557321 
557339 
557339 
557339 
557345 
557345 
557345 

500341 
500341 
500341 

C 
TE 
NTE 
C 
TE 
NTE 
C 
TE 
NTE 

Sample No. 
(Beech) 

PD15- 1-1 
PD15-1-2 
PD15- 1-3 
PD15- 2- 1 
PD15-2-2 
PD15- 2- 3 
PD15-3 - 1 
PD15- 3 - 2 
PD15- 3- 3 

C PD25- 1 
TE PD25-2 
NTE PD25-3 
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Appendix C (cont 'd )  

TABLE C-8 (cont 'd) 

CONCLUSIONS 

The e lectr ical  s t r e n g t h  d a t a  suppl ied by DuPon$ and t h e  permeabi l i ty  
obtained on t h e  same samples i n  t h i s  program did  not  show a good cor- 
r e l a t i o n .  There i s  a t rend  ind ica ted  f o r  t h r e e  of t h e  sample groups but 
an inverse  r e l a t i o n s h i p  f o r  t h e  PD15-1 group. 

It w i l l  be necessary t o  eva lua te  i n  more de ta i l  t h e  manner i n  which t h e  
DuPont t es t s  are conducted before  f i n a l  conclusions can be drawn with 
regard t o  a d e f i n i t e  c o r r e l a t i o n .  It appears t h a t  t h e r e  is  no exac t ing  
r e l a t ion$h ip  a t  t h i s  t i m e .  

TABLE c-9 
Extended Time Tes t  

The Extended Time T e s t  w a s  conducted t o  demonstrate t h a t  samples which show 
zero permeabi l i ty  i n  a five-minute per iod a c t u a l l y  have some permeabi l i ty  
which w a s  not  measurable i n  t h i s  per iod of t i m e .  The fol lowing tests were 
t h e r e f o r e  conducted f o r  a t i m e  per iod which permitted these  two groups of 
bubbles t o  e n t e r  t h e  b u r e t t e  or t o  f i v e  minutes whichever occurred last .  

The use of a b u r e t t e  as a means of measuring permeabi l i ty  depen*ds upon the  
accumulation of bubbles. It is normal t o  f i n d  t h a t  t h e  bubbles e n t e r  t h e %  
b u r e t t e  i n  groups of t w o  or three and the re fo re  i f  s u f f i c i e n t  t i m e  i s  alldwed 
it  is  always poss ib l e  t o  ob ta in  a f i n i t e  rate. 

L 

Three d i f f e r e n t  pressures  w e r e  used and are noted a t  t h e  top  of t h e  columns. 
Some of t h e  data w a s  s u b s t i t u t e d  f o r  t h e  zero  readings previously obtained 
for t h e  DuPont Cor re l a t ion  Tests ,  Table C-8. 

The samples used f o r  t h i s  t es t  were 0.25 m i l  and 0.15 m i l  Mylar C received 
from DuPont. These samples gave outs tandingly low permeabi l i ty  readings 
as compared with some o the r  Mylar samples tested i n  t h e  program. 
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TABLE (2-9 (cont'd) 

EXTENDED TIME TEST DATA 

Test #4.8-1 

Dash Number 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
- 10 

Test #4.8-2 

Dash Number 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
-10 

Test #4.8-3 

Dash Number 

-6 
-7 
-8 
-9 
-10 

Sample NO. PD25-1 

16" H 0 28" H e  
L 

Time - sec. cc/sec . Time - sec. cc/sec 

300 0.017 
300 0.0056 
686 0 e 00072 
400 0.0017 
560 0.00071 
90 0.25 

4 74 0.00063 
425 0.00070 
522 0.00076 
300 0.0010 

60 
368 
3 80 
376 
300 

0.35 
0 L) 00081 
0 0070 
0.00079 
0.0016 

Sample N o .  PD25-2 

16" H 0 2- 
Time - sec. 

180 
543 
39 8 
376 
620 
493 
437 
300 
62 8 
602 

Sample N o .  PD25-3 

cc/sec. 

0.11 
0- 00073 
0.0012 
0.0010 
0.00080 
0.00081 
0.00068 
0.0083 
0.00063 
0.00066 

16" H& 

Time - sec. cc/sec * 

300 0.0013 
737 0.00040 
588 0.00068 
558 0.00071 
5 60 0.00053 

28" H 0 2- 
Time - sec. cc/sec 

399 
300 
3 94 
435 
400 

0 0007 5 
0 0 0010 
0.0010 
0.00068 
0.00075 

28" H a  
Time - sec. cc/sec 

435 
431 
438 
4 60 
420 

0.00091 
0 00069 
0.00068 
0.00065 
0 0007 1 
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TABLE C-9 (cdnt'd) , 

T e s t  #4.8-4 10" H 0 
2- 

Sample Number 

PD15-1-1-1 
PD15-1-1-2 
PD15-1-1-3 
PD15-1-1-4 
PD15-1-1-5 
PD15- 1 - 1 - 6 
PD15-1-1-7 
PD15-1-1-8 
PD15-1-1-9 
PD15-1-1-10 

T e s t  #4.8-5 10" Hg 
PD15-1-2-1 
PD15-1-2-2 
PD15-1-2-3 
PD15-1-2-4 
PD15-1-2-5 
PD15- 1-2- 6 
PDL5-1-2-7 
PD15-1-2- 8 
PD15-1-2-9 
PD15-1-2-10 

T e s t  #4 - 8-6 

PD15-2-1-1 
PD15-2-1-2 
PD15-2-1-3 
PD15-2-1-4 
PD15-2-1-5 
PD15 - 2- 1 - 6 
PD15-2-1-7 
PD15 -2- 1 - 8 
PD15-2-1-9 
PD15-2-1-10 

T i m e  

5 minutes 
5 minutes 
5 minutes 

513 seconds 
5 minutes 
5 minutes 
5 minutes 

595 seconds 
374 seconds 
556 seconds 

5 minutes 
5 minutes 
5 minutes 
5 minutes 
5 minutes 
5 minutes 
5 minutes 

518 seconds 
537 seconds 
5 minutes 

5 minutes 
5 minutes 
5 minutes 
5 minutes 
5 minutes 
5 minutes 
5 minutes 
5 minutes 
5 minutes 
5 minutes 

Engineering R e p o r t  - -  
ER 15091 

Burette cc/sec. 

0.0033 
0.0010 
0.0010 
0 00077 
0.011 
0.025 
0.001 6 
0.00050 
0 0 0010 
0.00071 

0.0020 
0.0053 
0.0013 
0.0093 
0 0030 
0.022 
0 (. 0020 
0 0009 6 
0.0011 
0.0013 

0.017 
0.0043 
0.048 
0.032 
0.043 
0 0050 
0.0070 
0.0010 
0.0030 
0.0033 
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TABLE C-9 (cont 'd) 

T e s t  #4.8-7 

PD15-2-3-1 
PD15-2-3-2 
PD15-2-3-3 
PD15-2-3-4 
PD15-2-3-5 
PD15-2-3-6 
PD15-2-3-7 
PD15-2-3-8 
PD15-2-3-9 
PDl5-2-3-10 

5 minutes 
5 minutes 
3 minutes 
1 minute 
5 minutes 
5 minutes 
5 minutes 
5 minutes 
5 minutes 
5 minutes 

Bure t te  cc/sec. 

0 0 0090 
0.033 
0.10 
0.32 
0.030 
0.075 
0.028 
0.0050 
0.0020 
0.012 

The PD25 samples have approximately t h e  same leak  r a t e  a t  16" of H 0 
a s  they d id  a t  28" of H 0. This i nd ica t e s  t h a t  t h e r e  i s  not enougg 
d i f fe rence  i n  pressure ?o make t h e  leak r a t e  change a l a r g e  amount. 

CONCLUSIONS 

The r e s u l t s  of t h e  Extended Time T e s t s  show t h a t  many samples which have 
zero leakage a t  t h e  end of f i v e  minutes w i l l  i nd ica t e  permeation i f  t h e  
t i m e  i s  extended. The doubling of t h e  time period showed t h a t  permeation 
could be as small as OoOO016 cc/sec. A s  has been noted i n  previous r epor t s  
on permeability, t h e  smallest  permeability reading which can be obtained 
i n  a five-minute period i s  0.00066 cc/sec. Anything less than t h a t  i s  
considered zero f o r  t h i s  program. The s e l e c t i o n  of f i v e  minutes was made, 
f u l l y  recognizing t h i s  f a c t  f o r  t h e  reason t h a t  i t  w a s  not f e a s i b l e  t o  
spend excessive t i m e  on each sample., 
t h a t  zero permeation i n  f i v e  minutes means only t h a t  it is  l e s s  than 
0.00066 cc/sec. (Ref. Figure 3.30) 

The Extended Time T e s t  has proven 

The test  d a t a  shows t h a t  a d e f i n i t e  r e l a t i o n s h i p  e x i s t s  between t h e  permea- 
t i o n  of a sample under 1 6  inches of water a s  compared with 28 inches of 
water. The higher t h e  pressure t h e  g r e a t e r  t h e  gas transmission. 
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TABLE C-10 

Pressure  and Time Var i a t ion  Tes t  

Th i s  test  w a s  conducted on t w o  d i f f e r e n t  samples of 0.5 m i l  Kapton f i l m  a t  
t w o  d i f f e r e n t  p re s su res  and f o r  t w o  d i f f e r e n t  pe r iods  of t i m e ,  The purpose 
w a s  similar t o  t h e  Extended Time Tes t ,  Table  C-9, but  combined t h e  two 
parameters  and f o r  a d i f f e r e n t  matePLg1. These samples were r e g u l a r  
program samples received from t h e  G. T. Schje ldahl  Company. 

Sample Desc r ip t ion  0.5 M i l  Kapton 

Sample Number P res su re  Permeation i n  cc/sec. i n  5 minutes 

T209-11 28" H20 0.0 

24" H 2 0  0.0 

T209-12 

T209-11 

T209-12 

CONCLUS ION 

28" H 2 0  

24" H20 

0.0 

0.0 

28" H 2 0  

28" H20  

0.00076 i n  525 seconds 

0.00047 i n  626 seconds 

The conclus ions  are i d e n t i c a l  t o  previous tests of a similar na tu re  i n  t h a t  
extending t h e  t i m e  of permeation measurement w i l l  provide a f i g u r e  for 
permeab i l i t y  which otherwise would be termed z e r o  i n  a five-minute per iod .  

TABLE C-11 

Bu rs t Te s t s 

These tests provided a maximum pres su re  al lowable f o r  conducting permeabi l i ty  
f l a t  sample tests and a l s o  i n  i n d i c a t i o n  of f i l m  s t r e n g t h s  u s e f u l  f o r  bladder  
f a b r i c a t i o n .  
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TABLE 6-11 (cont 'd)  

B u r s t  Te s t 

Sample No.  

PC15-4 

PC25- 5 

Pres  su re  

1 .2  p s i  

1 .5  p s i  

1.75 p s i  

2.6 p s i  

3.2 p s i  

3.7 p s i  

Comments 

0.09 d i a .  ho le  developed 

0.05 d i a .  hole  developed 

B u r s t  

0.05 d i a .  ho le  developed 

0.05 d i a .  ho le  developed 

B u r s t  

Summary of Permeabi l i ty  S tudies  

Permeabi l i ty  of Myla r  f i l m  varies considerably from one batch 
t o  another and i s  a f f ec t ed  by handling and s torage .  

The permeation of He gas through mult iply Mylar f i lms  is  reduced 
by addi t ion  of t w o  or t h r e e  p l y s  but does not s i g n i f i c a n t l y  
improve by add i t iona l  p lys .  

The r a t e  of helium gas t ransmission through M y l a r  f i lms  increases  
wi th  increase  i n  pressure  d i f f e r e n t i a l  across the  f i lm.  

Helium gas a t  one p s i  p ressure  w i l l  permeate through a 30 square 
inch 0.25 m i l  Mylar f i l m  at  a rate up t o  0.018 cc/sec without 
v i s i b l e  bubbles i f  covered with water t o  depth of 1/4 inch. 

The permeabi l i ty  rate of helium gas through 0.15 m i l  M y l a r  f i l m  
s t a b i l i z e s  a f t e r  approximately 15 minutes. 

A + 15% v a r i a t i o n  i s  poss ib l e  i n  permeabi l i ty  d a t a  recorded i n  
t h i s  repor t  f o r  f l a t  samples as w e l l  as bladders .  
by t h e  r e p e a t a b i l i t y  test  and the  u t i l i z a t i o n  of the  same equipment 
f o r  bladder tests. 

This i s  indicated 

A hole  of 0.007" d i a m e t e r  permits more gas t ransmission through a 
f i l m  than t h a t  a t t r i b u t e d  t o  actual permeabi l i ty  of any 30 square 
inch samples t e s t e d .  

This  program did not observe a good c o r r e l a t i o n  between t h e  
DuPont electrical s t r eng th  data and gas  permeabi l i ty  r a t e s .  
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(9) Zero permeation as measured f o r  a per iod  of f i v e  minutes i n  t h i s  
program means t h a t  t h e  rate is less than  0.00066 cc/sec f o r  H e  
gas  a t  one p s i  over  30 square inches of .15 and .25 m i l  Mylar 
f i l m  area. 

(10) There is no sharp  or d i s t i n c t  i nc rease  i n  gas  t ransmiss ion  through 
a f i l m  t o  c l e a r l y  d e f i n e  t h e  terms permeabi l i ty  and po ros i ty .  
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APPENDIX D 

SEAMED TWIST-FLEX DATA 

Permeabi l i ty  -Permeabi l i ty  N o .  of 
C y c l e s  Comments Sample Dash N o .  Before T e s t  Af t e r  Tes t  

G.  T .  Schje ldahl  Company Samples 

T227 Descr ip t ion  1 ply of .25 m i l  Mylar  "C". But t  Seam, 1/2" Wide (see 
Figure  3 . 3 2 ,  No. 1). GT300 Tape and Adhesive 

-1 .095 - 

-2 .0050 - 

-3 .022 - 

-4 .0020 - 

-5 .038 - 

60 S p l i t  from cap end t o  cap  end along ho r i zon ta l  seam 

30 S p l i t  from end t o  end along lower side of h o r i z o n t a l  
and ac ross  v e r t i c a l  seam. 

seam and ac ross  v e r t i c a l  seam. Lef t  end cap s p l i t  
and delaminated from mate r i a l  along edge. 

65 S p l i t  from end t o  end ac ross  v e r t i c a l  seam below 
hor i zon ta l  seam. 

20 S p l i t  between l e f t  end cap and v e r t i c a l  seam below 
h o r i z o n t a l  seam. 

20 S p l i t  from l e f t  t o  r i g h t  end cap ac ross  v e r t i c a l  
and through approximately 2' '  of h o r i z o n t a l  seam. 

Complete random type  of s p l i t t i n g  ac ross  s a m p l e s  not r e l a t e d  t o  seam. Seam 
type  comparison test e 

T228 Descr ip t ion  

-1 

-2 

-3 

-4 

-5 

.0066 - 

.29 - 

.027 - 

- 0 

.068 - 

40 

40 

10 

170 

80 

1 ply  of .25 m i l  Mylar "C". B u t t  seam, 1/8" wide hot  
r o l l e r  (see Figure  3.32, No. 2 ) .  GT300 t a p e  and 
adhesive 

S p l i t  from end cap t o  end c a p  ac ross  both c e n t e r  
seams. 
S p l i t  from r i g h t  end cap  ac ross  v e r t i c a l  seam above 
h o r i z o n t a l  seam. S p l i t  ac ross  l e f t  end cap t o  
v e r t i c a l  seam below h o r i z o n t a l  seam. 

S p l i t  between v e r t i c a l  seam and r i g h t  end c a p  j u s t  
above h o r i z o n t a l  seam a l s o  halfway ac ross  ho r i zon ta l  
seam a t  r i g h t  end approximately 1" from edge. 

S p l i t  i n  upper l e f t  s e c t i o n  and upper r i g h t  s e c t i o n .  
Two s c r a t c h e s  r e s u l t  of end p l a t e  removal. 

S p l i t  from l e f t  t o  r i g h t  end cap  across v e r t i c a l  
s e a m  below hor i zon ta l  seam. S p l i t  between l e f t  
end cap and v e r t i c a l  seam above h o r i z o n t a l  seam. 
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Complete random type of s p l i t t i n g  f a i l u r e  across  e n t i r e  sample not r e l a t ed  
t o  type of  seam. Seam type comparison tests. 

T229 Descr ip t ion  1 ply of .25 Mylar "C" 
Lap Seam, 1/2'* wide (see Figure 3.32,  N o .  3)  
G T ~ O O  Adhesive 

-1 -016 10.0 10 S p l i t  approximately 1'' i n  lower l e f t  s e c t i o n  

-2 .012 - 20 S p l i t  across  hoTizonta1 seam j u s t  l e f t  of 
v e r t i c a l  seam. 

-3  . l a  11 G p l i t  between ho r i zon ta l  and ver t ica l  s e 2 m  
on upper and lower r i g h t  end sec t ion ,  

-4 .76 - 60 S p l i t  between l e f t  end cap and v e r t i c a l  
seam i n  upper l e f t  s ec t ion .  

-5 .017 - 45 S p l i t  across  ho r i zon ta l  seam a t  l e f t  end 
sec t ion .  

cc/sec j u s t  r i g h t  of  l e f t  end cap. 

Complete random s p l i t t i n g  of  f i lm  influenced t o  some degree by seam which 
de te r r ed  a s p l i t  from propagating across  s e a m  i n  most cases .  Seam type 
comparison t e s t s  

T230 DescriDtion 1 ply  .25 m i l  Mylar "C" 
Lap Seam 1/8" wide Hot Rol le r  (See Figure 3.32 ,  Moo 
GTlOO Adhesive 

-1 1.4 - 25 S p l i t  i n  upper l e f t  s e c t i o n  and lower r i g h t  
s e c t i o n ;  a l s o  s m a l l  a rea  became unbonded 
along lower seam i n  lower r i g h t  s e c t i o n ,  

-2 1.3 45 S p l i t  across  v e r t i c a l  seam and between 
l e f t  end cap and v e r t i c a l  seam; also some 
bond sepa ra t ion  along ho r i zon ta l  seam. 

sec t ion ;  a l s o  (2) s p l i t s  i n  lower r i g h t  
s ec t ion .  

-4 0 - 14 S p l i t  across  ho r i zon ta l  seam (2) places  
a t  l e f t  of ver t ica l  and (2) places  a t  r i g h t  
of v e r t i c a l  seam. S p l i t  across  v e r t i c a l  
seam j u s t  below upper clamp area .  

v e r t i c a l  seam. 

-3 6.6 - 30 S p l i t  across  ho r i zon ta l  seam a t  l e f t  end 

-5 -019 - 24 S p l i t  across  ho r i zon ta l  seam j u s t  l e f t  of  
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Complete random type s p l i t t i n g  f a i l u r e s  i n  which t h e  seams de te r r ed  
a s p l i t  from propagating across  a seam. S p l i t s  not  i n i t i a t e d  by 
seams. Seam type comparison tests. 

T231 Descr ip t ion  
' 8  

-1 

-2 

-3 

-4 

-5 

e 0050 

a 046 

.0026 

.026 

.0080 

T232 Descr ip t ion  

-1 ,0066 - 
-2 ,012 - 

-3 .0060 - 

-4 .0023 - 
-5 .034 - 

15 

30 

28 

16 

42 

27 

36 

32 

42 

18 

1 ply  .25 Mylar "6" 
B u t t  Seam, 1/8" wide impulse seal (see Figure 3.32, 
GT300 Tape and adhesive N o .  5)  

S p l i t  between v e r t i c a l  seam and l e f t  end 
cap. V e r t i c a l  seam bond came loose on 
l e f t  ho le  of seam. 
S p l i t  across  v e r t i c a l  seam. 

S p l i t  from l e f t  end cap t o  v e r t i c a l  seam 
i n  lower sec t ion .  Small area of  v e r t i c a l  
seam came unbonded. 
S p l i t  from l e f t  end cap t o  v e r t i c a l  seam 
i n  lower sec t ion .  Small area of v e r t i c a l  
seam came unbonded, 
S p l i t  i n  upper r i g h t  and l e f t  s ec t ion  and 
lower l e f t  s ec t ion .  

1 ply .25 m i l  Mylar  "C" 
Lap seam 1/8" wide Impulse Sea l  ( see  Figure 3.32, 
GTlOO 'Adhesive N o .  6) 

S p l i t  across  v e r t i c a l  and ho r i zon ta l  seam 
and from l e f t  to  r i g h t  end cap. 
S p l i t  i n  upper l e f t  and upper r i g h t  s ec t ions .  
A l s o  separa t ion  of material a t  seam bond 
i n  r i g h t  end sec t ion .  
S p l i t  i n  lower r i g h t  and l e f t  s ec t ions .  
Separa t ion  of seam bond a t  t op  of v e r t i c a l  
seam. 
S p l i t  i n  upper r i g h t  s e c t i o n  wi th  sepa ra t ion  
of seam bond. 
S p l i t  from r i g h t  t o  l e f t  end cap across  
v e r t i c a l  and ho r i zon ta l  seam. 

Random sp l i t t . i ng  0-f f i l m  within.  a r e l a t i v e l y  few number of t w i s t  f l e x  
cycles  not influenced to  a great degree by t h e  seam. 
comparison tests. 

Seam type 
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T233 Descr ip t ion  

-1 .64 12 

2 - -2 .19 

-3 -0016 - 6 

-4 .056 - 25 

-5 .0033 - 6 

T234 Descr ipt ion 

1 ply  of  -25 m i l  Mylar "C" 
Lap Seam 1/2" wide (see Figure 3.32 ,  N o .  3) 
GTlOO .Adhesive 

S p l i t  from l e f t  end cap t o  1,5" from r i g h t  
end cap across  v e r t i c a l  seam. 

S p l i t  from r i g h t  end cap across  ver t ica l  
ahd ho r i zon ta l  seam t o  1,25It from l e f t  end 
cap a t  top  edge of sample, 

S p l i t  from l e f t  end cap across  v e r t i c a l  and 
ho r i zon ta l  seam t o  lower edge 2'' from r i g h t  
end 

S p l i t  from l e f t  end cap across v e r t i c a l  and 
ho r i zon ta l  seam t o  r i g h t  end cap. 

S p l i t  from r i g h t  end cap across  v e r t i c a l  
seam t o  upper edge a t  c e n t e r  of sample. 

1 ply .25 m i l  Mylar 
Lap seam 1/2" wide (see Figure 3,32,  N o .  3) 
GTlOO .Adhesive 

-1 6 .6  28 S p l i t  i n  lower l e f t  and upper and lower 
r i g h t  s ec t ions  - numerous wrinkles .  

-2 1 .4  - 7 S p l i t  i n  lower l e f t  s ec t ion  from end cap t o  
ver t ica l  seam - numerous wrinkles 

-3 .01 - 5 S p l i t  from l e f t  t o  r i g h t  end cap across  
v e r t i c a l  and ho r i zon ta l  seams - numerous 
wrinkles 

cap i n  lower s e c t i o n r  
-4 .016 - 23 S p l i t  between v e r t i c a l  seam and r i g h t  end 

-5 .071 - 7 S p l i t  across  v e r t i c a l  s e a m  i n  upper sec t ion ,  

Complete random type of s p l i t t i n g  across  samples not r e l a t ed  t o  seam. 
Seam type comparison tes t ,  

0-4 
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T235 Descr ip t ion  

-1 .0073 - 

-2 .2 - 

-3 6 .3  - 

-4 .79 - 
-5 7.0 - 

1 ply  .25 m i l  Myla r  
Lap seam 1/2" wide (see Figure 3.32, N o .  3) 
GT100 Adhesive 

5 S p l i t  between l e f t  end cap and v e r t i c a l  seam 
i n  lower sec t ion .  

14 S p l i t  from l e f t  t o  r i g h t  end cap across  
v e r t i c a l  seam. 

3 S p l i t  between v e r t i c a l  seam and r i g h t  end cap 
and down across  ho r i zon ta l  seam. 

13 S p l i t  between l e f t  end cap and v e r t i c a l  seam. 

11 S p l i t  across  v e r t i c a l  and ho r i zon ta l  seam. 

Complete random type of s p l i t t i n g  across  sample not r e l a t ed  t o  seam. 
Seam type comparison test .  

The r e s u l t s  shown f o r  T233, T239, and T235 i n d i c a t e  t h a t  t h e  f a i l u r e s  
apparent ly  were not  due t o  t h e  seams but t o  t h e  basic material. The 
f a i l u r e s  w e r e  of a gross  na tu re  i n  which the  s p l i t s  o r ig ina t ed  i n  the 
material and extended through the seams i n  a random manner. The samples, 
when received,  had a wrinkled appearance which caused some concern as 
t o  t h e  q u a l i t y  of  t h e  Mylar as compared t o  o t h e r  samples which had been 
received wrinkle-free.  T h e  permeabi l i ty  d a t a  i n  t h e  t a b l e s  a l s o  ind ica t e s  
a wide v a r i e t y  between samples, possibly due t o  t h i s  wrinkle condi t ion.  

T240 Descr ip t ion  

-1 

-2 

-3 

-4 

.24 - 

.20 - 

- * 18 

.37 

1 ply of 2 m i l  Nomex - Nylon Paper 
But t  Seam, 1/2" wide (see Figure 3.32, No. 1) 
GT300 Tapeand adhesive one side 

45 S p l i t  along ho r i zon ta l  seam across  v e r t i c a l  
seam - numerous wrinkles .  

17 S p l i t  on v e r t i c a l  seam across  hor izonta l  
seam - numerous wrinkles .  

57 S p l i t  on v e r t i c a l  and ho r i zon ta l  seams - 
numerous wrinkles . 

200 Numerous wrinkles - no o t h e r  v i s i b l e  damage. 
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-5 .23 - 27 S p l i t  across  v e r t i c a l  and ho r i zon ta l  seam - 
s p l i t  a t  upper r i g h t  end occurred while 
removing sample from apparatus.  

Severe s p l i t t i n g  of t h e  Mylar t ape  between t h e  b u t t  ends of t he  Nomex 
ma te r i a l  e 

T241 Descr ip t ion  1 ply  of 2 m i l  Nomex - Nylon Paper 
Butt  Seam, 1/8" wide ( see  Figure 3.32, N o .  2) 
GT300 Tape and adhesive one s ide  

-1 .35 - 6 S p l i t  f u l l  length of ho r i zon ta l  seam - 
-2 .31 - 4 S p l i t  f u l l  l ength  of ho r i zon ta l  seam - 
-3 .33 - 5 S p l i t  f u l l  l ength  of ho r i zon ta l  seam - 
-4 .25 - 4 P a r t i a l  s p l i t  of ho r i zon ta l  seam on both 

-5 .28 - 4 S p l i t  on ho r i zon ta l  and v e r t i c a l  seams 

p a r t i a l  s p l i t  of  v e r t i c a l  seam. 

p a r t i a l  s p l i t  of v e r t i c a l  seam. 

p a r t i a l  s p l i t  of ve r t i ca l  seam. 

s i d e s  of  v e r t i c a l  seam. 

' Severe, s j l i t t i n g  of t h e  Mylar tape  between the  b u t t  ends of t h e  Nomex 
ma te r i a l  

T242 Descr ip t ion  1 ply of 2 m i l  Nomex - Nylon Paper 
Lap Seam, 1/2" wide ( see  Figure 3.32, N o ,  3)  
GTlOO ,Adhesfve 

-1 .24 - 200 Numerous wrinkles - seve ra l  p in  holes ,  

-2 .26 - 200 Numerous wrinkles - 2" long seam separa t ion .  

-3 ,11 - 200 Numerous wrinkles - s e v e r a l  p in  holes .  

-4 .44 - 200 Numerous wrinkles  - several p i n  holes .  

-5 .25 - 200 Numerous wrinkles 112" long seam separa t ion  

The l a p  wide seams appeared t o  be more s a t i s f a c t o r y  than  t h e  b u t t  seams 
t e s t e d  a s  T240 and T241. 
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T243 Descr ip t ion  1 ply  of 2 m i l  Nomex - Nylan Paper 
Lap Seams, 1/&" wide ( see  Figure 3.32, No. 4) 
GTlOO Atfhes'ivie 

-1 .37 - 4 S p l i t  along ho r i zon ta l  seam - numerous 
wrinkles  

-2 -34 - 8 S p l i t  along ho r i zon ta l  seam on r i g h t  s e c t i o n  - 
numerous wrinkles .  

-3 -20 - 16 S p l i t  along ho r i zon ta l  seam - numerous 
wrinkles  

-4 .22 - 7 S p l i t  along ho r i zon ta l  seam - numerous 
wrinkles e 

-5 .24 - 6 S p l i t  along ho r i zon ta l  seam - numerous 
wrinkles .  

Ser ious  sepa ra t ion  of  l a p  seams i n d i c a t e  tha t  t h e  narrow seal is not 
s u f f i c i e n t l y  s t rong  i n  t h i s  app l i ca t ion .  

T244 Descr ip t ion  1 ply of 2.2 0 2 .  Dacron f a b r i c  
But t  Seam, 1/2" wide ( see  Figure 3,32, N o .  1) 
Tape one s i d e  
GT300 Tape and Adhesive 

-1 * * I  1 Severe s p l i t t i n g  of ho r i zon ta l  and v e r t i c a l  

-2 * * 1 Severe s p l i t t i n g  of ho r i zon ta l  and ve r t i ca l  

-3 * * 1 Severe s p l i t t i n g  of ho r i zon ta l  and v e r t i c a l  

-4 * * 1 Severe s p l i t t i n g  of ho r i zon ta l  and v e r t i c a l  

-5 * * 2 Severe s p l i t t i n g  of ho r i zon ta l  and v e r t i c a l  

seams 

seams. 

seams 

seams a 

seams, 

*No permeabi l i ty  measurement poss ib l e  because of normal poros i ty  T h i s  
material is too heavy t o  be seamed wi th  .5 m i l  Mylar tape.  

T245 Descr ip t ion  1 ply of 2.2 oz. Dacron Fabr ic  
But t  Seam, 1/8" widecsee Figure 3.32, No. 2 )  
GT300 Tape and adhesive one s i d e  

-1 * * 3 Complete s p l i t t i n g  of hor izonta l  and v e r t i c a l  
seams e 
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-2 * * 
-3 * * 
-4 * * 
-5 * * 

2 Complete s p l i t t i n g  of ho r i zon ta l  and v e r t i c a l  

3 Complete s p l i t t i n g  of ho r i zon ta l  and ver t ica l  

3 Complete s p l i t t i n g  of hor i zon ta l  and v e r t i c a l  

2 Complete s p l i t t i n g  of ho r i zon ta l  and v e r t i c a l  

seams e 

seams 

seams 

seams 

~ 

*No permeabi l i ty  measurement poss ib l e  because of normal poros i ty .  

This  ma te r i a l  is  too heavy t o  be seamed wi th  - 2 5  m i l  Mylar tape .  

T246 Descr ipt ion 1 ply of 2.2 oz. Dacron Fabr ic  
Lap Seam, 1/2" wide (see  Figure 3,32, N o .  3) 
GT100 Adhesive 

-1 * * 200 Wrinkles but  no damage. 
-2 * * 200 Wrinkles but no damage. 
-3 * * 200 Wrinkles but no damage. 
-4 * * 200 Wrinkles but no damage 
-5 * * 2 00 Wrinkles but no damage. 

A supe r io r  seam for use  i n  jo in ing  t h i s  2.2 oz. Dacron Fabric  toge ther .  

*No permeabi l i ty  measurement poss ib l e  because of normal poros i ty .  

T247 Descr ip t ion  1 ply of 2.2 o z .  Dacron Fabric  
Lap Seam, l/8" wide (see Figure 3.32, N o .  4 )  
GTlOO Adhesive 

-1 * * 200 Wrinkles but no damage. 
-2 * * 200 Wrinkles but no damage 
-3 * * 200 Wrinkles but no damage e 
-4 * * 200 Wrinkles but no damage 
-5 * * 200 Wrinkles but no damage 

*No permeabi l i ty  measurements poss ib le  because of normal poros i ty .  

A supe r io r  seam for use i n  j o in ing  2.2 oz, Dacron Fabr ic  toge ther .  
Appears t o  be equal ly  as good a s  t h e  wide seam. 
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T248 Descr ipt ion 10 ply of .25 m i l  Mylar "C" 
B u t t  Seam, S t y l e  '%''I 

GT300 Tape and Adhesive 

-1 0 .059 70 S p l i t  3.5" i n  upper l e f t  end sec t ion  on f r o n t  ply - 
breaks on both end cap ed te s .  

-2 .017 .041 67 S p l i t  on back s i d e  from v e r t i c a l  seam t o  .25" 
from r i g h t  end along hor izonta l  seam. 

-3 .00066 .016 48 S p l i t  i n  f r o n t  ply 3" long from hor izonta l  
seam down t o  lower end of v e r t i c a l  seam. 

-4 .QO1 .026 12 S p l i t  1.5" along hor izonta l  seam and 1 .75  
along v e r t i c a l  seam, then across  seam on f r o n t .  

-5 0 .022 200 S p l i t  3 .5"  on back s i d e  a t  r i g h t  end sec t ion .  

-6 0 .065 24 S p l i t  4.25" on back s i d e  near l e f t  end - s p l i t  
3.5" on f r o n t  s ide  a t  l e f t  end sec t ion .  

-7 0 .013 90 (2) s p l i t s  on f r o n t  s ide ,  1" long a t  l e f t  end 
sec t ion  and 1.25" long a t  l e f t  end sec t ion .  

-8 0 .10 24 (2) s p l i t s  on f r o n t  s i d e  1 .5"  long across  
hor izonta l  seam and 2.5" long across  hor izonta l  
seam. 
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-9 00066 036 26 S p l i t  3" long on f r o n t  s i d e  a t  center 
sec t ion .  

- 10 .0063 52 200 2" x 2'' r i g h t  angle s p l i t  a t  l e f t  end 
across  ho r i zon ta l  seam on f ron t  s i d e .  

Random f a i l u r e s  of Mylar f i l m ;  f a i l u r e s  genera l ly  not a t t r i b u t e d  t o  type 
of c.ross seam. 

T249 Description 

-1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

- 10 

Good 

00066 

e 0023 

0 02 

0 

0 

.005 

.021 

024 

002 3 

0 

10 p lys  .25%il  Mylar  "C" 
Butt seam, S t y l e  "N" 
GT300 Tape and adhesive 

41 200 S p l i t  .75" long a t  v e r t i c a l  and hori-  
zonta l  seam i n t e r s e c t i o n  on f r o n t  s ide .  

0 34 200 . Numerous wrinkles - no v i s i b l e  damage. 

.21 200 Numerous wrinkles - no v i s i b l e  damage. 

e 26 200 Numerous wrinkles - no v i s i b l e  damage. 

0 11 25 S p l i t  on f r o n t  p ly  1.5" down along 
v e r t i c a l  seam then 1" along lower clamp 
area 

.085 150 Numerous wrinkles - no v i s i b l e  damage. 

0 11 18 S p l i t  on f r o n t  p ly  1.5" down along 
v e r t i c a l  seam t o  1" along lower clamp 
area  a 

0 19 100 Numerous wrinkles - no v i s i b l e  damage. 

-28 50 Numerous wrinkles - no v i s i b l e  damage. 

e 057 26 S p l i t  on f r o n t  ply 1,5" along v e r t i c a l  
s e a m  and 1.5" along lower clamp area .  

f l e x  performance; increased permeability a f t e r  Twist-Flex. 
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10 p lys  of .5 m i l  Kapton 
Butt  seam, S t y l e  "W" 
~ ~ 3 0 0  Tape and Adhesive 

T250 Descr ip t ion  

S p l i t  on f r o n t  ply 2.5" along cen te r  of 
ho r i zon ta l  seam. 

-1 0 .035 45 

-2 0 .0033 47 S p l i t  1" along c e n t e r  of horizor- ta l  s e a m  
on f r o n t  ply - s p l i t  on back p ly  4.5" 
along c e n t e r  of ho r i zon ta l  seam. 

-3 

-4 

-5 

-6 

-7 

-8  

- 9" 

S eam 

0 0016 

0 .024 

0 ,0063 

0 * 0 12 

0 .01 

0 ,015 

0 .015 

12 S p l i t  on f r o n t  ply 3" along c e n t e r  of  
v e r t i c a l  seam. 

18 S p l i t  on f r o n t  ply 3.5" along ced te r  of 
ho r i zon ta l  seam. 

10 S p l i t  on f r o n t  ply 2.5" along c e n t e r  of 
ho r i zon ta l  seam. 

S p l i t s  .75" and 2.5'' along c e n t e r  of hor i -  
zonta l  seam on back ply.  

36 S p l i t  2.5" long on f r o n t  p ly  along c e n t e r  
of ho r i zon t  a 1 seam. 

34 S p l i t  on f r o n t  p ly  1" and 5'* along cen te r  
of  ho r i zon ta l  seam. 

19 S p l i t  on f r o n t  p ly  4" along c e n t e r  of hor i -  
zon ta l  seam., 

f a i l u r e s :  Light t ape  being c u t  a t  cen te r  of cross seams. 

10 p lys  of .25 m i l  Mylar 
Lap s e a m ,  S t y l e  "W" 
GT100 Adhesive 

T251 Descr ip t ion  

S p l i t  on back ply 3.51f along ho r i zon ta l  
seam a t  l e f t  end sec t ion .  

-1 .00066 .12 200 

-2 .DO63 .13 200 

-3 0 0 20 

Numerous wrinkles - no v i s i b l e  damage. 

S p l i t  1" long upper r i g h t  end s e c t i o n  
on f r o n t  ply.  

-4 ,0026 .18 200 Numerous wrinkles - no v i s i b l e  damage. 
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T251 Descr ip t ion  (Continued) 

-5 

-6 

-7 

-8 

-9 

- 10 

0 e 15 106 S p l i t  on f r o n t  s i d e  across  v e r t i c a l  and 
ho r i zon ta l  seam. 

-003 024 18 S p l i t  on f r o n t  s i d e  across  ho r i zon ta l  
seam. 

0 a 17 100 S p l i t  on back p ly  2.5" along ho r i zon ta l  
seam a t  r i g h t  end and s p l i t  1 . 5 I g  long on 
f r o n t  p ly  a t  upper l e f t  s ec t ion ,  

.00066 .29 100 S p l i t  1 I s  long on f ron t  ply a t  lower c e n t e r  
a r e a  - s p l i t  on back ply 2" long a t  r i g h t  
end sec t ion .  

.0026 .001 50 S p l i t  on f r o n t  ply 5'' long across  hori-  
zon ta l  seam. 

0 e 085 50 S p l i t  1" long on f r o n t  p ly  a t  l e f t  end 
s e c t  ion. 

Generally good f l e x  performance with some random material f a i l u r e  not 
d i r e c t l y  a t t r i b u t a b l e  t o  c ros s  seams. 

T252 Descr ip t ion  10 p lys  of .25 m i l  Mylar  
Lap seam, S t y l e  "N" 
GTlOO Adhesive 

-1 0 -023 200 Numerous wrinkles  - no v i s i b l e  damage. 

-2 .00066 -079 200 Numerous wrinkles  - no v i s i b l e  damage. 

-3 0 14 a 10 200 Numerous wrinkles  - no v i s i b l e  damage. 

-4 .013 .077 200 Numerous wrinkles - no v i s i b l e  damage. 

-5 .00066 .057 150 S p l i t  on f r o n t  p ly  4" long and across  
ho r i zon ta l  seam. 

-6 .0023 . l o  28 S p l i t  4" long on f r o n t  ply a t  r i g h t  end 
s e c t i o n  and split 4" long on back p ly  
a t  r i g h t  end section. 
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T252 Descr ip t ion  (Continued) 

-7 0 .041 100 S p l i t  2" long on back p ly  a t  r i g h t  end 
s e c t i o n  and s p l i t  1" long on f r o n t  slide 
a t  right end sec t ion .  

-8 0036 .045 100 S p l i t  2" long on f r o n t  ply a t  l e f t  end. 

-9 0 .093 8 S p l i t  on f r o n t  ply 4 3 "  long and across  
- v e r t i c a l  seam. 

- 10 . O l  .1 50 Numerous wrinkles - no v i s i b l e  damage. 

Very random f l e x  performance ranging from good t o  poor ,  with f a i l u r e s  
not  d i r e c t l y  a t t r i b u t a b l e  t o  type of c ros s  seams. 

T253 Descr ip t ion  

-1 0 

-2 0 

-3 0 

-4 .019 

-5 0 

10 p lys  of .5 m i l  Kapton 
Lap seam, S t y l e  "w" 
GTlOO Adhesive 

.02 17 S p l i t  3,$5" on f r o n t  p ly  a t  upper l e f t  
s e c t i o n  - a l s o  5.5" a t  upper r i g h t  
s e c t i o n  along ho r i zon ta l  seam. 

.004 22 S p l i t  4.5'' on f r o n t  p ly  across  v e r t i c a l  
seam a t  l e f t  s ec t ion .  

.0066 15 S p l i t  5.5" along ho r i zon ta l  seam on back 
ply a t  l e f t  end area - s p l i t  4.0" on 
f r o n t  p ly  a t  upper l e f t  end. 

.025 25 S p l i t  3" on f r o n t  p ly  a t  r i g h t  end s e c t i o n  - 
s p l i t  on back ply (3) places  along hor i -  
zon ta l  seam f o r  t o t a l  of 10". 

- 64 S p l i t  on f r o n t  p ly  3" long a t  r i g h t  end 
s e c t i o n  a l s o  2" a t  upper r i g h t  end - 
s p l i t  1.5" on back p ly  a t  r i g h t  end. 

-6 0 0 44 S p l i t  on back p ly  (2) places  each 2It long. 
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T253 Descr ipt ion (continued) 

-7 0 0026 6) S p l i t  on back ply 2 ,5"  near l e f t  end- 
s p l i t  on f r o n t  ply 3" near r i g h t  end. 

-8 0 .005 6 54 S p l i t  2.5'? on f r o n t  ply a t  r i g h t  end. 

-9 0 0 50 S p l i t  3.5" on f r o n t  p l y  near l e f t  end 
sec t  ion  e 

Poor f l e x  performance with considerable  seam f a i l u r e ;  o the r  random 
f a i l u r e s  appear t o  be induced by t h e  c ros s  seams. 
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