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PREFACE 

This  r e p o r t  w a s  prepared f o r  t h e  NCAR S c i e n t i f i c  Balloon F a c i l i t y  

as one of a cont inuing series of research  and development p r o j e c t s  

undertaken t o  extend t h e  c a p a b i l i t i e s  of s c i e n t i f i c  bal looning.  The 

work w a s  performed under subcont rac t  by Raven I n d u s t r i e s ,  Inc .  (Raven 

Report No. 0368). 

SUMMARY 

A ba l loon  s t r a i n  r e l i e f  system f o r  u se  during pre-launch ac t iv i t ies  

w a s  developed and i t s  e f f e c t  on ba l loon  t e n s i l e  s t r e n g t h  w a s  examined. 

The system c o n s i s t s  of i n f l a t a b l e  clamps which surround a p o r t i o n  of t h e  

ba l loon  below t h e  i n f l a t e d  bubble and thus  relieve the  s t r a i n  on t h e  

lower po r t ion  of t h e  ba l loon .  Various clamp materials and ba l loons  

and t e n s i l e  test  specimens from t h e  ba l loons  were l abora to ry  t e s t e d .  

Such a r e s t r a i n t  system w a s  deemed f e a s i b l e  i f  a l i m i t e d  l o c a l i z e d  l o s s  

i n  f i l m  t e n s i l e  s t r e n g t h  could be  t o l e r a t e d .  
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INTRODUCTION 

The work r epor t ed  he re  w a s  funded by 

Space Adminis t ra t ion under Prime Contract  

t h e  

No. 
J- N t 'ona l  A e  

NprFK--3r84, and performed 
di9-73s- 

f o r  t h e  Nat iona l  Center f o r  Atmospheric Research under subcont rac t  

NO. NCAR 44-67. 

Objec t ive  of t h e  p r o j e c t  w a s  t o  develop a device  t o  be clamped 

around a ba l loon  below t h e  bubble during i n f l a t i o n  t o  r e s t r a i n  buoyant 

t ens ion  without  damage t o  t h e  bal loon.  

A s a t i s f a c t o r y  dev ice  would al low t h e  bubble t o  b e  i n f l a t e d  with- 

ou t  extending t h e  ba l loon  f u l l  l ength ,  thus  pe rmi t t i ng  layout  d i r e c t i o n  

and t i m e  of payload at tachment  t o  be independent of i n f l a t i o n .  
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PHASE I STUDY 

The o b j e c t i v e s  of t h e  Phase I program were t o  conduct a l i t e r a t u r e  

search  f o r  in format ion  app l i cab le  t o  a ba l loon  s t r a i n  r e l i e f  system, t o  

i n v e s t i g a t e  s t a t i c  c o e f f i c i e n t s  of f r i c t i o n  between ba l loon  f i l m s  and 

candida te  ba l loon  clamp pad materials, t o  i n v e s t i g a t e  ba l loon  damage 

c r i te r ia ,  and f i n a l l y ,  t o  review t h e  clamping problem and propose a 

s o l u t i o n  t o  i t .  

LITERATURE SEARCH 

The l i t e r a t u r e  search  d i sc losed  a l imi t ed  amount of information 

a p p l i c a b l e  t o  a ba l loon  s t r a i n  r e l i e f  system. The a v a i l a b l e  informa- 

t i o n  pe r t a ined  p r imar i ly  t o  damage c r i t e r i a  and f r i c t i o n a l  p r o p e r t i e s  

f o r  ba l loon  f i lm .  Reference t o  t h e  information obtained from t h e  lit- 

e r a t u r e  search  i s  made where app l i cab le  and t h e  r e fe rences  are l i s t e d  

a t  t h e  end of t h i s  r e p o r t .  

DETERMINATION OF COEFFICIENTS OF FRICTION 

Since t h e  a n t i c i p a t e d  ba l loon  r e s t r a i n t  device  w i l l  "clamp" t h e  

ba l loon  f i l m ,  t h e  c o e f f i c i e n t s  of f r i c t i o n  f o r  ba l loon  f i lms  and candi- 

d a t e  clamp materials w e r e  primary cons ide ra t ions  f o r  determining t h e  

f e a s i b i l i t y  of such a device.  The information f o r  c o e f f i c i e n t s  of 

f r i c t i o n  f o r  ba l loon  f i l m s  d i sc losed  i n  t h e  l i t e r a t u r e  search  (Refs. 1 

and 2) w a s  l imi t ed  t o  a s tudy by General M i l l s ,  I n c . ,  f o r  ba l loon  f i l m  

on f i l m  only ,  and only f o r  a low con tac t  p re s su re .  The f r i c t i o n  tests 

were conducted a t  both room temperature  and -50°C. Test r e s u l t s  ind i -  

cated t h a t  un lubr ica ted  polyethylene exh ib i t ed  e s s e n t i a l l y  no d i f f e r e n c e  

i n  t h e  s t a t i c  c o e f f i c i e n t  of f r i c t i o n  f o r  t h e  two test  temperatures  a t  

a con tac t  p re s su re  of 0.2 p s i .  
j r  

To o b t a i n  t h e  a d d i t i o n a l  f r i c t i o n  information necessary f o r  a fea- 

s i b i l i t y  s tudy and f o r  des ign  of a ba l loon  r e s t r a i n t  clamp, an i n v e s t i -  

ga t ion  of t he  b a s i c  c o e f f i c i e n t s  of f r i c t i o n  w a s  conducted. A schematic 

r ep resen ta t ion  of t h e  appara tus  used t o  determine t h e  s t a t i c  c o e f f i c i e n t s  
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of f r i c t i o n  is  i l l u s t r a t e d  i n  Fig.  1. T e s t  specimens were a t t ached  t o  

t h e  upper s u r f a c e  of t h e  moving c a r r i a g e  and t h e  lower s u r f a c e  of t h e  

metal s l e d .  

i shed ,  and a l a y e r  of 1/8 i n .  foam rubber w a s  wrapped around t h e  s l e d  

be fo re  t h e  f i l m  w a s  a t t ached  t o  a l low in t ima te  con tac t  between t h e  two 

su r faces .  The weighted s l e d  provided t h e  normal test load.  Contact 

p re s su re  w a s  changed merely by changing t h e  weight on t h e  s l e d .  Motion 

w a s  obtained by p u l l i n g  t h e  moving c a r r i a g e .  

from moving by a cord a t t ached  t o  t h e  load c e l l  t h a t  w a s  used t o  m e a -  

s u r e  t h e  f r i c t i o n a l  fo rce .  

The two con tac t ing  su r faces  w e r e  c l o s e l y  machined and pol- 

The s l e d  w a s  prevented 

Seve ra l  parameters i n f luence  t h e  s t a t i c  c o e f f i c i e n t  of f r i c t i o n  

(Ref. 1). Among t h e s e  are t i m e  of con tac t ,  con tac t  pressure ,  ambient 

temperature ,  and s u r f a c e  contaminants o r  l u b r i c a n t s .  F r i c t i o n  test 

condi t ions  were l i m i t e d  as fol lows:  

1. The t i m e  of con tac t  w a s  l imi t ed  t o  -10 sec p r i o r  t o  app l i -  

c a t i o n  of t h e  p u l l i n g  force .  

2. Contact p re s su res  were l imi t ed  t o  -1 t o  13 p s i .  

3 .  F r i c t i o n  tests w e r e  conducted a t  room temperature  (-25OC). 

4 .  Sample materials were kept  as f r e e  from contaminants as 

p o s s i b l e  dur ing  t h e  d r y  f r i c t i o n  tests. For tests wi th  

l u b r i c a t e d  ba l loon  f i l m ,  polyethylene powder w a s  used as 

t h e  l u b r i c a n t  f o r  polyethylene f i lm ,  and corns ta rch  as 

t h e  l u b r i c a n t  for -Mylar  and scrim Mylar. 

The r e s u l t s  of t h e  dry  s t a t i c  c o e f f i c i e n t  of f r i c t i o n  tes ts  are 

presented i n  Table 1. The given va lues  are averages of readings  taken 

f o r  a t  least t h r e e  samples of t h e  same material. Mul t ip l e  samples were 

used t o  minimize t h e  e f f e c t  of poss ib l e  sample contamination. The d a t a  

are  f o r  f i l m  on f i l m ,  f o r  f i l m  on candida te  clamp pad material, and f o r  
% P  var ious  con tac t  p re s su res .  

The ba l loon  f i lms  t e s t e d  f o r  both d ry  and l u b r i c a t e d  f r i c t i o n  were 

polyethylene,  Mylar, and scr im Mylar; t h e  candida te  clamp pad materials 

t e s t e d  were b u t y l  coated nylon (both s i d e s ) ,  neoprene coated nylon (both 
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s i d e s ) ,  and neoprene coated nylon (one s i d e  only) .  The s u r f a c e s  of the 

b u t y l  coated nylon and neoprene coated nylon were no t  completely smooth; 

s l i g h t  impressions from t h e  weave of t h e  nylon base  material w e r e  vis- 
i b l e .  The neoprene coa t ing  was s o f t e r  on t h e  nylon wi th  one side 

coated;  only very s l i g h t  impressions from t h e  nylon weave showed on t h e  

neoprene sur face .  

The dry  s t a t i c  c o e f f i c i e n t  of f r i c t i o n  f o r  Mylar changed l i t t l e  

between 1 .3  and 3 p s i  contac t  p re s su re ,  bu t  increased  s u b s t a n t i a l l y  

from 0.25 a t  3 p s i  t o  0.37 a t  13  p s i  con tac t  p re s su re .  

The d ry  s t a t i c  c o e f f i c i e n t  of f r i c t i o n  f o r  scrim Mylar increased  

from 0.25 a t  1 .3  p s i  con tac t  p re s su re  t o  0.48 a t  1 3  p s i  con tac t  pres- 

s u r e  f o r  t h e  rough (dacron) s i d e  s l i d i n g  on a rough s i d e .  S imi l a r ly ,  

f o r  a smooth (Mylar) s i d e  s l i d i n g  on a smooth s i d e  t h e  c o e f f i c i e n t  in-  

creased from 0.28 t o  0.47 f o r  t h e  same contac t  p re s su res .  

The dry f r i c t i o n  test r e s u l t s  indicated-  no apprec i ab le  change i n  

t h e  s t a t i c  c o e f f i c i e n t  of f r i c t i o n  f o r  polyethylene on poloyethylene 

when t h e  con tac t  p re s su re  w a s  changed from 1 t o  1 3  p s i .  The s t a t i c  

c o e f f i c i e n t  of f r i c t i o n  averaged between 0.50 and 0.53 f o r  t h e  test 

condi t ions .  

I n  summary, t h e  dry  f r i c t i o n  test d a t a  ind ica t ed  t h a t  when t h e  

contac t  p re s su re  w a s  increased  from 1 t o  13  p s i ,  t h e r e  w a s  some in-  

c r ease  i n  t h e  f i lm-to- l ike-f i lm c o e f f i c i e n t  of f r i c t i o n  f o r  Mylar and 

s c r i m  Mylar, bu t  no apprec i ab le  change f o r  t h e  polyethylene.  

The r e s u l t s  of t h e  s t a t i c  c o e f f i c i e n t  of f r i c t i o n  tests f o r  bal-  

loon f i l m  l u b r i c a t e d  w i t h  polyethylene powder and co rns t a rch  are pre- 

sented i n  Table 2. It  should be noted t h a t  t h e  s t a t i c  c o e f f i c i e n t  of 

f r i c t i o n  va r i ed  cons iderably  wi th  t h e  amount of l u b r i c a t i o n  p resen t .  

The c o e f f i c i e n t  of f r i c t i o n  w a s  lowest w i t h  some optimum amount of 

l u b r i c a n t ,  bu t  w a s  h igher  i f  t h e  amount of l u b r i c a n t  p re sen t  w e r e  more 

o r  less than  t h i s .  The given va lues  r ep resen t  t h e  range of f r i c t i o n  

obtained by varying t h e  amount of l u b r i c a t i o n .  
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The f r i c t i o n  d a t a  f o r  l u b r i c a t e d  Mylar and polyethylene ba l loon  

f i l m  i n d i c a t e  t h a t  t h e  s t a t i c  c o e f f i c i e n t  of f r i c t i o n  is  s u b s t a n t i a l l y  

reduced by corns ta rch  and polyethylene powder l u b r i c a n t s  f o r  bo th  f i lm- 

to-f i lm and f ilm-to-clamp pad material. 

BALLOON DAMAGE CONSIDERATIONS 

An a d d i t i o n a l  cons ide ra t ion  w a s  t h e  p o s s i b l e  damage t o  t h e  ba l loon  

f i l m  r e s u l t i n g  from clamping. The l i t e r a t u r e  sea rch  d i sc losed  informa- 

t i o n  p e r t a i n i n g  t o  ba l loon  damage c r i t e r i a  from two re sea rch  s t u d i e s  

performed by General M i l l s ,  Inc .  

t h e  e f f e c t  of manmade creases on t h e  t e n s i l e  p r o p e r t i e s  of Mylar and 

polyethylene,  and t h e  o t h e r  s tudy w a s  made t o  determine t h e  e f f e c t  of 

p re - s t r e s s ing  on t h e  t e n s i l e  p r o p e r t i e s  of polyethylene.  

One study w a s  undertaken t o  determine 

Work by General Mills, Inc .  (Ref. 1) i n d i c a t e d  t h a t  c r eas ing  

Mylar and polye thylene  a t  p re s su res  of -5 p s i  f o r  7 and 1 4  days,  re- 

s p e c t i v e l y ,  d id  no t  apprec iab ly  change t h e  t e n s i l e  s t r e n g t h  of t h e  

ba l loon  f i l m  i n  t h e  machine d i r e c t i o n .  The r e fe rence  r e p o r t  s t a t e d  

"only a token number of specimens broke a t  t h e  c rease ."  

test specimens f o r  t h e  crease s tudy were creased f o r  longer  per iods  

of t i m e  than  would be  requi red  f o r  t h e  ba l loon  clamp a p p l i c a t i o n ,  t h e  

r e s u l t s  are considered of va lue .  

Although 

Since  h igher  clamping p res su res  normally a l low use  of smaller 

clamping areas, t h e  e f f e c t  of c reas ing  ba l loon  f i l m  a t  higher  pres- 

s u r e s  w a s  i nves t iga t ed .  Samples of 0.75 m i l  polyethylene,  0.75 m i l  

Mylar, and s c r i m  Mylar (0.5 m i l  Mylar on 0.6 oz/sq yd leno  weave dacron 

scrim) w e r e  c u t  t o  1 X 8 i n .  s i z e  i n  both t h e  machine and t r a n s v e r s e  

d i r e c t i o n s .  Three d i f f e r e n t  sample conf igu ra t ions  were t e s t e d  f o r  

each material: a creased conf igu ra t ion ,  a pressed conf igu ra t ion ,  and 

an  untouched ( con t ro l )  conf igura t ion .  The f i r s t  (creased configura-  

t i o n )  w a s  creased a t  room temperature a t  r i g h t  angles  t o  t h e  long edge '  

between a f l a t ,  smooth 1 X 7 i n .  s teel  ba r  s u r f a c e  and a f l a t ,  smooth 

g r a n i t e  s l a b  a t  -15 p s i .  The second (pressed conf igu ra t ion )  w a s  pressed 
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between t h e  steel  b a r  and g r a n i t e  s l a b  but  without  a c rease .  Af t e r  t he  

samples were creased o r  pressed f o r  3 h r  they were t e n s i l e  t e s t e d  wi th  

t h e  untouched ( con t ro l )  samples. 

The t e n s i l e  t e s t  i n v e s t i g a t i o n s  w e r e  conducted a t - 2 5  "C (room t e m -  

The e longat ion  rates were 18 in. /min f o r  poly- pe ra tu re )  and a t  -60°C .  

e thylene ,  0.2 in . /min f o r  Mylar, and 2 in./min a t  room temperature  and 

0.2 in . /min a t  -60°C f o r  s c r i m  Mylar. Three specimens w e r e  t e s t e d  f o r  

each material and sample conf igu ra t ion  a t  each condi t ion .  A summary of 

t h e  t e n s i l e  t es t  r e s u l t s  i s  presented i n  Table 3 f o r  creased Mylar, 

po lye thylene ,  and scr im Mylar. 

For t h e  polye thylene ,  test d a t a  i n d i c a t e  t h a t  creased sample 

s t r e n g t h s  w e r e  gene ra l ly  a t  l eas t  as g r e a t  as pressed sample s t r e n g t h s ,  

and t h a t  t he  c reases  produced under t h e s e  p a r t i c u l a r  condi t ions  d i d  

not  apprec iab ly  lower the  u l t i m a t e  and y i e l d  s t r e n g t h s  of t h e  material 

t e s t e d .  I n  f a c t ,  t h e  t e n s i l e  tes t  d a t a  f o r  - 6 0 ° C  i n d i c a t e  t h a t  p re s s ing  

and/or  c reas ing  t h e  samples may even have increased  t h e  y i e l d  and u l t i -  

mate s t r e n g t h s  over t h a t  of t h e  untouched samples. 

Test d a t a  f o r  t h e  scrim Mylar a t  - 6 0 ° C  were incomplete because no t  

a l l  samples  i n  t h e  t r a n s v e r s e  d i r e c t i o n  had been c u t  wi th  t h e  same num- 

be r  of th reads .  However, d a t a  a t  - 6 0 ° C  i n d i c a t e  a poss ib l e  l o s s  i n  

y i e l d  and u l t i m a t e  s t r e n g t h s  i n  t h e  machine d i r e c t i o n .  The test  d a t a  

a t  room t e m p e r a t u r e  i n d i c a t e  no apprec i ab le  loss i n  y i e l d  o r  u l t i m a t e  

s t r e n g t h s  f o r  creased scr im Mylar. It appears  t h a t  handl ing and pos- 

s i b l e  con tac t  wi th  d u s t  may have more t o  do wi th  some of t h e  l o s s e s  of 

s t r e n g t h  than c reas ing ,  s i n c e  t h e  pressed sample ind ica t ed  approximately 

t h e  same s t r e n g t h  l o s s  as t h e  creased sample. 

The c rease  test d a t a  f o r  Mylar i n d i c a t e  a p o s s i b l e  l o s s  i n  u l t ima te  

s t r e n g t h  f o r  t h e  c reased  samples f o r  t h e  room temperature  t e n s i l e  t e s t .  

However, s i n c e  t h e  pressed samples showed a s i m i l a r  dev ia t ion  i n  sgrength  

from t h e  untouched samples, t h e  u l t i m a t e  s t r e n g t h  l o s s  may r a t h e r  be a 

matter of exposure of both creased and pressed samples t o  d u s t ,  which 

could have been pressed i n t o  t h e  f i l m  during tests. 
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Another area of p o s s i b l e  f i l m  damage t h a t  could r e s u l t  from clamp- 

ing  t h e  ba l loon  f i l m  i n  a r e s t r a i n i n g  clamp i s  t h e  e f f e c t  of l o c a l l y  

s t r e s s i n g  t h e  ba l loon  f i l m  t o  near  i t s  y i e l d  p o i n t  whi le  t h e  ba l loon  

is  r e s t r a i n e d  by t h e  clamp. 

t h e  t e n s i l e  load t r a n s f e r  from the  load t apes  t o  t h e  ba l loon  f i l m  near  

t h e  clamp, o r  by clamping wires o r  cordage loca ted  i n s i d e  t h e  ba l loon  

wi th  t h e  ba l loon  f i lm .  

polye thylene  ba l loon  f i l m  as a func t ion  of stress magnitude has  been 

conducted by General M i l l s ,  Inc .  The r e s u l t s  of one s tudy (Ref. 3) 

i nd ica t ed  t h a t  p re - s t r e s s ing  of polyethylene f i l m  a t  room temperature  

f o r  up t o  24 h r  a t  stresses equal  t o  70% of y i e l d  stress had no pro- 

nounced de t r imen ta l  e f f e c t  on t h e  mechanical p r o p e r t i e s  of t h e  f i lm .  

The changes observed were e i t h e r  too  s m a l l  t o  be  conclus ive  o r  n o t  of 

a de t r imen ta l  na tu re .  Resu l t s  of a second s tudy  (Ref. 4 )  i nd ica t ed  

t h a t  p re - s t r e s s ing  polye thylene  f i l m  a t  room temperature  f o r  per iods  

up t o  seven days a t  stress equal  t o  70% of t h e  y i e l d  p o i n t  does n o t  

s e r i o u s l y  a l te r  t h e  mechanical p r o p e r t i e s  of t h e  f i lm:  a 10% decrease  

i n  u l t i m a t e  stress and s t r a i n  and a r ise i n  t h e  co ld  b r i t t l e  p o i n t  t o  

a maximum of 3°C w e r e  abserved. 

Such l o c a l  stresses might be  caused by 

An i n v e s t i g a t i o n  of t h e  e f f e c t  of p re - s t r e s s ing  

The ba l loon  damage cr i ter ia  e s t a b l i s h e d  thus  f a r  i n d i c a t e  t h a t  i t  

may b e  p o s s i b l e  t o  clamp a ba l loon  a t  p re s su res  up t o  15 p s i  o r  g r e a t e r  

wi thout  apprec iab ly  damaging t h e  ba l loon .  The f r i c t i o n  test r e s u l t s  

i n d i c a t e  t h a t  ba l loon  clamp dimensions compatible wi th  launch ope ra t ion  

requirements  may be  p o s s i b l e  i f  high clamping e f f i c i e n c y  can be  achieved. 

The fol lowing c a l c u l a t i o n  i l l u s t r a t e s  t h e  magnitude of t h e  f o r c e s  and 

dimensions r equ i r ed  f o r  such a ba l loon  clamp. 

Assume as t y p i c a l  a 9 m i l l i o n  cu f t  n a t u r a l  shape ba l loon  f a b r i -  

ca ted  of 0.75 m i l  polyethylene,  and having ho t  j e t  seals and load  tapes .  

W e  may assume 1100 l b  payload weight and 950 l b  ba l loon  weight ,  f o r  a 

t o t a l  weight of 2050 l b .  Fu r the r ,  w e  assume t h e  ba l loon  g ross  l i f t  ; 

equals  t h e  t o t a l  weight ,  and add 10% f o r  buoyancy, which g ives  2255 l b .  

The i n f l a t i o n  bubble l eng th  would be  -71 f t  of gore l e n g t h  from 

t h e  top of t h e  bal loon.  If w e  assume t h a t  t h e  ba l loon  clamp is  loca ted  
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"9 f t  from t h e  launch spool ,  t h e  clamp w i l l  be  loca t ed  80 f t  from t h e  

top of t h e  ba l loon ,  where t h e  circumference of t h e  ba l loon  is  -510 f t .  

I f  w e  d i scount  t h e  weight of t h e  ba l loon  bubble,  t h e  ba l loon  clamp 

would have t o  resist a t ens ion  of -2255 l b .  

I f  w e  were t o  neg lec t  t h e  load t apes  and assume t h e  load d i s t r i b u t e d  

evenly throughout t h e  f i lm ,  w e  may c a l c u l a t e  t h e  ba l loon  f i l m  t e n s i l e  

f o r c e  pe r  inch  of circumference due t o  t h e  ba l loon  l i f t  t o  be 

2255 Ib force = 0.368 I b / i n .  510 f t  x 12 i n .  

With a clamp i n f l a t a b l e  pad p res su re  of 20 p s i  and a c o e f f i c i e n t  of 

f r i c t i o n  of 0.1 ( f o r  l u b r i c a t e d  ba l loon  f i l m ) ,  t h e  t o t a l  normal clamping 

f o r c e  r equ i r ed  (assuming f r i c t i o n a l  f o r c e  e f f e c t i v e  on both s i d e s  of 

clamp) would be  11,300 l b .  

-565 sq i n .  

clamp pad l eng th  of 1 9  i n .  The a c t u a l  l eng th  of t h e  pad requi red  w i l l  

vary  w i t h  t h e  clamp pad area e f f i c i e n c y  obta inable .  

Thus t h e  requi red  clamp pad area would be  

A clamp pad width of 30 i n .  would r e q u i r e  an e f f e c t i v e  

The e f f e c t  of clamping many l a y e r s  of fo lded  and wrinkled ba l loon  

f i l m  (with o r  wi thout  load t apes ,  cordage, e t c . )  on ba l loon  damage, 

clamp e f f i c i e n c y ,  and c o e f f i c i e n t s  of f r i c t i o n  w a s  no t  known. I n  addi- 

t i o n ,  i t  w a s  no t  known which ba l loon  clamping conf igu ra t ion  would y i e l d  

t h e  b e s t  e f f i c i e n c y  w i t h  t h e  least  ba l loon  f i l m  damage. 

r e s t r a i n i n g  t h e  ba l loon  f i l m  between opposing i n f l a t a b l e  c l a m p  pads 

might be  more e f f e c t i v e  than r e s t r a i n i n g  t h e  f i l m  between a clamp pad 

and a f i x e d  su r face ,  o r  m u l t i p l e  clamp pads might be  more e f f e c t i v e  

than one l a r g e  pad. Because most of t h e s e  ques t ions  could be  reso lved  

by t e s t i n g  an experimental  clamping device ,  t h e  Phase I1 study w a s  

undertaken. 

For example, 
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PHASE I1 STUDY 

The o b j e c t i v e s  of t h e  Phase I1 s tudy  were t o  des ign ,  f a b r i c a t e ,  

and test a l abora to ry  model clamp. Tes t ing  w a s  t o  inc lude  r e s t r a i n i n g  

a c t u a l  ba l loon  s e c t i o n s  wi th  t h e  l abora to ry  clamp t o  determine clamp- 

ing  e f f i c i e n c y  and t h e  r e l a t i o n s h i p  of such r e s t r a i n t  t o  ba l loon  damage. 

This phase of t h e  s tudy  w a s  expected t o  e s t a b l i s h  t h e  f e a s i b i l i t y  of 

t h e  ba l loon  s t r a i n  r e l i e f  device ,  any l i m i t a t i o n s  wi th  r e s p e c t  t o  t h e  

r e s t r a i n t  device  i t s e l f ,  and compa t ib i l i t y  of t h e  device  wi th  ba l loon  

launch opera t ions .  

LABORATORY CLAMP DESIGN 

The primary des ign  o b j e c t i v e  of t h e  l abora to ry  ba l loon  clamp w a s  

t o  r e s t r a i n  t h e  ba l loon  without  damage t o  t h e  f i lm .  A pneumatic clamp 

pad w a s  s e l e c t e d  because i t  o f f e r s  uniform p res su re  d i s t r i b u t i o n  on 

t h e  clamped ba l loon  f i l m ,  t hus  avoiding t h e  uneven clamping p res su res  

which could r e s u l t  i n  l o c a l  f i l m  damage. Exact clamping p res su re  may 

a l s o  be  more e a s i l y  con t ro l l ed  and measured us ing  a pneumatic clamp. 

The a c t u a l  conf igu ra t ion  of t he  pneumatic clamp w a s  s e l e c t e d  t o  

permit  maximum f l e x i b i l i t y  dur ing  t h e  test phase f o r  modi f ica t ions .  

Ease of f a b r i c a t i o n  and t h e  need t o  change t h e  s i z e  of t h e  clamping 

area d i c t a t e d  t h e  choice  of module clamp pads. 

r a t i o n  s e l e c t e d  f o r  t h e  t e s t i n g  i s  i l l u s t r a t e d  i n  ske tches  (Figs .  2 ,  

3 ,  and 4 )  and photographs (Figs .  5 and 6) .  

The clamp pad configu- 

The manner i n  which t h e  clamp pad modules are held i n  t h e  clamp 

s t r u c t u r e  i s  sketched i n  F ig .  4 and can be seen i n  t h e  photographs 

(Figs .  5 and 6 ) .  The clamp design provided f o r  clamp pads opposing each 

o the r  on both s u r f a c e s  of t h e  clamp, wi th  t h e  op t ion  of having pneu- 

matic clamp pads on only one s u r f a c e  of t h e  clamp and a f l a t  s u r f a c e  

on t h e  o the r .  The clamp des ign  a l s o  al lows spacing of t h e  i n d i v i d u a l  

clamp pad modules from a snug, shoulder-to-shoulder f i t  t o  a s e p a r a t i o n  

of 6 i n .  o r  more. 
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The l abora to ry  clamp w a s  s i zed  t o  accommodate t h e  su rp lus  ba l loons  

t o  b e  used f o r  t e s t i n g ,  wi th  s u f f i c i e n t  margin t o  a l low a wide range of 

clamping p res su res  and clamp pad areas. The clamp w a s  s i z e d  t o  accom- 

modate a fo lded  ba l loon  width of up t o  28 i n .  and t o  accommodate a 

maximum of s i x  clamp modules, each 6 i n .  deep, f o r  a t o t a l  phys i ca l  

clamp depth of 36 i n .  

The material chosen f o r  t h e  clamp pad i n f l a t a b l e  u n i t  t o  be  f a b r i -  

ca ted  f o r  i n i t i a l  t e s t i n g  w a s  4.4 oz nylon coated wi th  6 oz/sq yd neo- 

prene.  The clamp pad conf igura t ion  w a s  as sketched i n  Fig.  2 ,  bu t  w i th  

dimension A equal  t o  1 .4  i n .  

A f t e r  i n i t i a l  t e s t i n g ,  t h e  clamp pad i n f l a t a b l e  u n i t  w a s  f a b r i c a t e d  

of a heav ie r  material t o  a l low clamping p res su res  of 50 p s i  o r  g r e a t e r .  

The material chosen w a s  2 p l y  nylon, 5 oz/sq yd/p ly ,  coated wi th  neo- 

prene f o r  a t o t a l  weight of 45 oz/sq yd. 

a b l e  pad w a s  increased  t o  2.1 i n .  ( s ee  dimension A ,  Fig. 2) s o  t h a t  t h e  

clamp pads would accomodate v a r i a t i o n s  i n  t o t a l  th ickness  of t h e  ba l loon  

f i lms ,  w i r e s ,  and cords t o  be  clamped when t h e  clamp pads w e r e  n o t  spaced 

shoulder  t o  shoulder .  

loon conf igu ra t ions  t e s t e d .  

The 1.4 i n .  depth of t h e  i n f l a t -  

The changed module funct ioned w e l l  w i th  both ba l -  

LABORATORY CLAMP TESTING 

T e s t  Materials and Equipment 

Two t a i l o r e d ,  n a t u r a l  shape, polyethylene ba l loons  were furn ished  

The smaller ba l loon  w a s  a 0.75 m i l ,  by NCAR f o r  t h e  l abora to ry  tests.  

32 gore ,  t a p e l e s s  ba l loon  wi th  hot  j e t  seals. The i n f l a t e d  ba l loon  

volume w a s  500,000 cu f t  and t h e  diameter w a s  86 f t .  The ba l loon  had 

a bundle of 18  w i r e s  i n  a s l eeve  a t tached  t o  one of t h e  gores ,  which 

extended from t h e  top end f i t t i n g  t o  t h e  bottom end f i t t i n g .  

t he  w i r e s  had o u t s i d e  diameters  of -1/8 i n . ;  t h e  o t h e r  1 4  w i r e s  had out- 

s i d e  diameters  of -1116 i n .  

rope shape. 

Four of ' 

The w i r e s  were s l i g h t l y  twis ted  i n t o  a 
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The l a r g e r  ba l loon  w a s  a 1.5 m i l ,  75 gore,  taped ba l loon  wi th  ho t  

j e t  seals. The u l t i m a t e  s t r e n g t h  of t h e  load t apes  w a s  -450 l b .  The 

ba l loon  volume w a s  2.94 m i l l i o n  cu f t  and t h e  diameter  w a s  200 f t .  Two 

small wires, -1/16 i n .  diam, extended from t h e  top  end f i t t i n g  t o  t h e  

bottom end f i t t i n g ,  and a heavy nylon cord of t ubu la r  weave i n s i d e  t h e  

ba l loon  extended from t h e  bottom end f i t t i n g  t o  near t h e  top  of t h e  bal- 

loon. The ba l loon  w a s  folded t o  a width of less than  25 i n .  i n  t h e  

as-packed cond i t ion  f o r  t h e  top two-thirds of i t s  l eng th ,  bu t  t h e  lower 

one-third w a s  fo lded  as wide as 36 i n .  

The l abora to ry  clamp w a s  as descr ibed  above (Figs .  5 and 6 ) .  The 

spacing between opposing clamp pads w a s  ad jus t ed  w i t h  t h e  threaded t i e  

rods  t h a t  restrain t h e  upper clamp su r face .  A i r  p r e s su re  t o  t h e  pneu- 

matic clamp pads w a s  con t ro l l ed  wi th  a p res su re  r e g u l a t o r ,  and t h e  pres- 

s u r e  w a s  he ld  t h e  same f o r  a l l  clamp pads. 

Test Criteria 

The primary o b j e c t i v e s  of clamp t e s t i n g  were t o  determine clamping 

e f f i c i e n c y  and t h e  r e l a t i o n s h i p  of clamping t o  ba l loon  damage. So t h a t  

t h e  test r e s u l t s  could be c o r r e l a t e d  t o  an  eventua l  ope ra t iona l  damping 

system, t h e  test cond i t ion  t e n s i l e  loads  were c o n t r o l l e d  t o  s imula t e  

loads  t h a t  might occur i n  a c t u a l  ba l loon  opera t ions .  

T e n s i l e  loads  f o r  t h e  ba l loon  test s e c t i o n s  approximated t h e  maxi- 

mum loads  t o  which t h e  ba l loon  f i l m  would probably be exposed. 

mqximum t e n s i l e  load w a s  es t imated as fol lows.  

This  

The maximum t e n s i l e  load  (per  i nch  of ba l loon  circumference a t  t h e  

ba l loon  clamp) f o r  a 0.75 m i l  t a p e l e s s  ba l loon  would occur f o r  a 3 m i l -  

l i o n  cu f t  ba l loon  of -450 l b ,  i .e. ,  a gross  weight of -900 l b .  The 

gross  bubble l i f t  would be -900 l b ,  and t h e  r equ i r ed  bubble l eng th  

-54 f t .  

-4950 i n .  

inch.  This  va lue  w a s  used as the  ba l loon  t e n s i l e  load f o r  most of t h e  

clamp r e s t r a i n t  tests conducted f o r  t h e  0.75 m i l  bal loon.  

This  would p l ace  t h e  clamp where t h e  ba l loon  circumference i s  
x c  

The t e n s i l e  load would be 990/4950, o r  -0.2 lb/circumference 
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S imi l a r ly ,  f o r  t h e  1.5 m i l  taped ba l loon  i t  w a s  assumed t h a t  t h e  

maximum gross  load  of a 2.94 m i l l i o n  cu f t  ba l loon  would be  4400 l b ,  

r e s u l t i n g  i n  a tens i le  load  of -0.6 lb/circumference inch  a t  t h e  clamp. 

For good c o r r e l a t i o n  of f i l m  damage, and s i n c e  t h e  1.5 m i l  ba l loon  had 

load t apes ,  it w a s  thought t h a t  i t  might b e  d e s i r a b l e  t o  test clamp 

only those  areas of t h e  ba l loon  which had a gore width similar t o  t h a t  

which would be clamped i n  an a c t u a l  ba l loon  launch. It w a s  expected 

t h a t  t r a n s f e r  of t h e  t e n s i l e  loads  from t h e  t ape  t o  t h e  ba l loon  f i l m  

might cause some f i l m  damage. 

The ba l loon  test s e c t i o n s  were clamped and h e l d  under t ens ion  f o r  

-1 h r  t o  s imula t e  a c t u a l  ba l loon  launch condi t ions .  S l i d e  test  d a t a  

w e r e  t aken  t o  determine t h e  re la t ive clamping e f f i c i e n c y  of t h e  var ious  

test conf igura t ions .  

a l l y  inspec ted  wi th  po la r i zed  l i g h t  a f t e r  clamping t o  determine f i l m  

damage. The s e v e r i t y  of creases and of o the r  p o s s i b l e  damage w a s  com- 

pared t o  previous test samples t o  determine which clamping conf igu ra t ions ,  

clamping p res su res ,  and clamp loading techniques r e s u l t e d  i n  t h e  least 

damage t o  t h e  ba l loon  f i lm.  The clamp r e s t r a i n i n g  f o r c e  w a s  measured 

wi th  a d i r e c t  reading  dynamometer. 

A l l  clamped ba l loon  s e c t i o n s  were completely visu-  

C l a m p  T e s t  Procedure 

To s imula t e  as c l o s e l y  as p o s s i b l e  t h e  r e s t r a i n t  of a ba l loon  dur- 

i n g  i n f l a t i o n  of t h e  bubble,  an a c t u a l  s e c t i o n  of t h e  ba l loon  w a s  used. 

The ba l loon  s e c t i o n s  w e r e  -15 t o  35 f t  i n  length  and r e s t r a i n e d  a t  one 

end w i t h  a ba l loon  end f i t t i n g .  The o the r  end of t h e  ba l loon  s e c t i o n  

w a s  placed i n  t h e  l abora to ry  clamp i n  t h e  as-folded conf igura t ion ,  j u s t  

as i t  had been taken from t h e  shipping box. 

mometer w a s  i n  series wi th  a cha in  h o i s t  t h a t  w a s  used t o  p l ace  t h e  

requi red  t ens ion  on t h e  ba l loon  end f i t t i n g .  

The d i r e c t  reading dyna- 

Spec ia l  care w a s  taken t o  keep t h e  ba l loon  and clamp pads f ree '  frdm 

d u s t  and o the r  contaminants t o  minimize damage t o  t h e  clamped ba l loon  

f i lm.  It w a s  n o t  f e a s i b l e  t o  keep t h e  s l eeve  f r e e  from a l l  d u s t  and 
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contaminants because of t h e  handl ing requi red .  However, t o  minimize 

contamination, t h e  sleeve t h a t  p r o t e c t s  t h e  ba l loon  dur ing  packing and 

s t o r a g e  w a s  no t  removed from t h e  area t o  be  clamped u n t i l  j u s t  be fo re  

t e s t i n g .  

For i n i t i a l  t e s t i n g ,  t h e  ba l loon  f i l m  w a s  i n  d i r e c t  c o n t a c t  w i th  t h e  

neoprene clamp pads. This test conf igura t ion  r e s u l t e d  i n  some ab ras ion  

and l o c a l  s t r e t c h  damage t o  t h e  ba l loon  f i l m  l a y e r s  c l o s e s t  t o  t h e  clamp 

pads. 

mercial grade polyethylene.  

because t h e  ba l loon  s l eeves  used f o r  packing and shipping ba l loons  are 

usua l ly  of t h i s  m a t e r i a l . )  

duced t h e  abras ion  damage t o  t h e  bal loon f i lm ,  b u t  l o c a l  s t r e t c h  damage 

w a s  s t i l l  p resen t ,  appearing almost e n t i r e l y  near  t h e  f i r s t  clamp pad. 

The l o c a t i o n  of s t r e t c h  damage ind ica t ed  t h a t  dur ing  loading t h e  f i r s t  

clamp pad w a s  apparent ly  bear ing  a s u b s t a n t i a l  p a r t  of t h e  t e n s i l e  load ,  

wi th  subsequent clamp pads being loaded success ive ly  less. 

The clamp pads w e r e  then covered wi th  fou r  l a y e r s  of 4 m i l  com- 

(Commercial grade polyethylene w a s  s e l e c t e d  

Covering t h e  clamp pads s u b s t a n t i a l l y  re- 

I n  an a t t e m p t  t o  load t h e  clamp pads evenly,  a sleeve of 4 m i l  com- 

mercial polyethylene w a s  placed around t h e  ba l loon  po r t ion  t o  b e  clamped, 

and polyethylene (poly)  powder w a s  l i b e r a l l y  app l i ed  between t h e  poly- 

e thy lene  pad covers  and t h e  polyethylene s l eeve .  The a d d i t i o n  of t h e  

poly powder l u b r i c a n t  s u b s t a n t i a l l y  reduced t h e  t e n s i l e  load t h a t  t h e  

f i r s t  clamp pad could r e s t r a i n .  Once t h i s  maximum w a s  exceeded t h e  bal-  

loon would s l i d e  very slowly u n t i l  t h e  next  clamp s t a r t e d  t o  deform and 

become loaded; as t h e  t o t a l  clamp r e s t r a i n t  load w a s  increased  each suc- 

ces s ive  pad would become loaded. 

and ba l loon  w a s  success fu l  i n  e l imina t ing  most, i f  not  a l l ,  of t h e  l o c a l  

s t r e t c h  of ba l loon  f i l m  r e s u l t i n g  from unequal clamp pad loading.  

This method of prepar ing  t h e  clamp 

With the  a p p l i c a t i o n  of poly powder a ba l loon  s l e e v e  w a s  used i n i -  

t i a l l y  t o  keep t h e  poly powder out  of t h e  inne r  f o l d s  of t h e  ba l loon  and 

t o  avoid the  p o s s i b i l i t y  of ad jacent  l a y e r s  of ba l loon  f i l m  s l i p p i n g  ' 

with r e s u l t i n g  shear  damage t o  t h e  bal loon.  A number of tests w e r e  la ter  

conducted without  t h e  s l eeve ,  and wi th  poly powder appl ied  between t h e  
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ba l loon  and the  poly clamp pad covers;  on only one occasion w a s  t h e r e  

apparent  abras ion  and s t r e t c h  damage t o  a s m a l l  area ( - 3 6  sq i n . )  of 

t h e  0.75 m i l  bal loon.  It is  presumed t h a t  such s t r e t c h  damage can occur 

when t h e  poly powder is not  evenly app l i ed ,  o r  when some s p o t s  are no t  

l u b r i c a t e d  a t  a l l .  

A s  mentioned earlier,  t h e  0.75 m i l  test ba l loon  used had a bundle 

of 18 w i r e s  i n  a sleeve a t tached  t o  t h e  o u t s i d e  of t h e  ba l loon  a t  one 

of t h e  gore seams. This  bundle of wires w a s  kep t  i n s i d e  t h e  clamped 

area, b u t  t o  t h e  s i d e ,  away from t h e  o the r  ba l loon  f i lm ,  t o  prevent  

damage t o  t h e  bal loon.  Since t h e  ba l loon  w a s  fo lded  and packed wi th  t h e  

w i r e s  near  t h e  o u t s i d e  edge of t he  folded ba l loon ,  t h i s  procedure caused 

no ope ra t iona l  d i f f i c u l t y .  

The two w i r e s  and the  nylon cord i n s i d e  t h e  1.5 m i l  ba l loon  caused 

no n o t i c e a b l e  damage up t o  and inc luding  35 p s i  clamping p res su re ;  how- 

ever ,  t h e r e  were s l i g h t  impressions of t h e  nylon cord v i s i b l e  on t h e  

immediately ad jacent  ba l loon  f i l m  l a y e r s  f o r  clamping p res su res  of 

25 p s i  o r  h igher .  Above 35 p s i  t h e  nylon cord and w i r e s  caused v i s i b l e  

f i l m  damage i n  t h e  form of s m a l l  p inholes  and l o c a l  deformation o r  ex- 

t r u s i o n  of t he  f i lm.  

Most of t h e  clamp tests w e r e  conducted a t  room temperature  (-24°C). 

However, f i v e  clamp tests were conducted a t  h o t  and co ld  temperatures ,  

t o  determine whether material damage and/or clamping e f f i c i e n c y  would 

d i f f e r  g r e a t l y  from r e s u l t s  of room temperature  tests. 

Two clamp tests were conducted a t  a temperature  of -6.5OC; t h i s  w a s  

accomplished by cold soaking t h e  clamp and ba l loon  test s e c t i o n  ou t s ide  

overnight  and t e s t i n g  ou t s ide  t h e  fol lowing morning. Three clamp tests 

were conducted a t  -52°C; t h i s  w a s  accomplished by p l ac ing  t h e  clamp and 

ba l loon  s e c t i o n  i n  an enc losure  hea ted  t o  52OC. 

When t h e  ba l loon  w a s  placed i n  a sleeve and clamped wi th  t h e  pads 

covered wi th  polyethylene f i l m  and l u b r i c a t e d  wi th  poly powder, i t  w a s  

observed t h a t  t h e  1 .5  m i l  ba l loon  could sometimes b e  s l i d  through t h e  

clamp as much as 3 or  4 f t  wi thout  damage t o  t h e  ba l loon .  Since t h e  
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c o e f f i c i e n t  of f r i c t i o n  f o r  t h e  l u b r i c a t e d  polye thylene  sleeve on t h e  

l u b r i c a t e d  polye thylene  clamp pad cover i s  less than  f o r  t h e  d i f f e r e n t  

l a y e r s  of ba l loon  f i l m  on each o the r ,  t h e  ba l loon  tends t o  s l i d e  as 

one l a r g e  "be l t . "  However, t h i s  could n o t  be repeated r e l i a b l y  and 

cons i s  t e n t  l y  . 
When a ba l loon  is  placed i n  the  clamp wi th  e s s e n t i a l l y  t h e  same 

f o l d s  i t  had i n  the  s t o r a g e  box, t h e r e  is  considerably more material 

a t  t h e  c e n t e r  than  near  t h e  edges,  where t h e r e  may be as few as two 

l aye r s .  The clamp pads p l ace  the  same p res su re ,  and t h e r e f o r e  approxi- 

mately t h e  same r e s t r a i n i n g  fo rce ,  on t h e  two l a y e r s  a t  t h e  edge as 

on t h e  many l a y e r s  a t  the  cen te r .  Since t h e  same t 'pul l ' t  f o r c e  i s  re- 

qui red  t o  s l i d e  m u l t i p l e  l a y e r s  o r  two l a y e r s ,  t h e  l a y e r s  a t  t h e  edge 

are s t r e t c h e d ,  and t h e  f i l m  may even be torn .  This  type of f i l m  dam- 

age w a s  much more pronounced wi th  t h e  0.75 m i l  ba l loon  because t h e  

w i r e s  i n  t h e  s l e e v e  a t  t h e  edge of t h e  ba l loon  were r e s t r a i n e d  by t h e  

clamp, wi th  only t h e  t ens ion  of t he  ba l loon  sleeve t o  s l i d e  them through 

the  clamp. However, t h i s  uneven s l i d i n g  d id  n o t  cause ba l loon  f i l m  

damage when the  ba l loon  was allowed t o  s l i d e  only a f e w  inches t o  load 

a l l  t h e  clamp pads success ive ly .  

The clamping conf igu ra t ion  t h a t  c o n s i s t e n t l y  r e s u l t e d  i n  t h e  least 

damage t o  t h e  ba l loon  f i l m  u t i l i z e d  opposing clamp pads,  a polye thylene  

clamp pad covering,  and a polyethylene sleeve w i t h  poly powder between 

t h e  sleeve and t h e  polyethylene clamp pad covering. 

C l a m p  T e s t  Resul t s  

The clamp test d a t a  f o r  t h e  t e s t i n g  performed w i t h  t h e  l abora to ry  

clamp and the  0.75 m i l  and 1.5 m i l  polyethylene ba l loons  are presented  

i n  Tables  4 and 5. The t abu la t ed  d a t a  i n d i c a t e  t h e  e x t e n t  of t h e  test- 

ing  performed. The terms l i s t e d  i n  t h e  t a b l e s  are s e l f  explana tory ,  

except  f o r  t h e  T/PA t e r m .  

f o rce ,  T ,  t he  clamp pad p res su re ,  P ,  and t h e  nominal clamp pad area, A .  

This  clamping parameter f o r  t h e  s l i d e  d a t a  could b e  termed an  e f f e c t i v e  

c o e f f i c i e n t  of s l i p  f r i c t i o n ,  which i s  a func t ion  of t h e  clamping 

j c  

This  term i s  obtained from t h e  clamp r e s t r a i n t  
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conf igu ra t ion ,  t h e  ba l loon  f i l m ,  and any ba l loon  f i l m  l u b r i c a n t s .  The 

e f f e c t  of t h e  ba l loon  f i l m  l u b r i c a n t  must b e  emphasized. Although an 

e f f o r t  w a s  made t o  apply t h e  same amount of po lye thylene  powder f o r  

each tes t ,  t h e  a c t u a l  amounts w e r e  d i f f e r e n t .  This  d i f f e r e n c e  can be  

noted i n  Fig.  7 ,  which p r e s e n t s  s l i p  T/PA as a func t ion  of clamping 

p res su re .  

The d a t a  as presented  i n  Fig.  7 i n d i c a t e ,  wi th  t h e  except ion  of a 

few d a t a  p o i n t s ,  t h a t  t h e  clamping pad conf igu ra t ion  of "pad-opposing- 

pad" has a h igher  clamping s l i p  c o e f f i c i e n t  ( i n  t h e  range of 0 .28 t o  

0.38) than does t h e  conf igu ra t ion  of "pad-opposing-f l a t -p l a t e "  ( i n  t h e  

range of 0.20 t o  0.32) .  The few d a t a  p o i n t s  t h a t  are no t  i n  gene ra l  

agreement wi th  most of t h e  d a t a  are be l i eved  t o  be  t h e  r e s u l t  of d i f -  

f e r e n t  amounts of poly powder on t h e  clamp pads. Thus, i t  would appear 

d e s i r a b l e  t o  have a "pad-opposing-pad" clamp conf igu ra t ion  f o r  ba l loons  

wi th  a l a r g e  n e t  i n f l a t i o n  bubble l i f t  because t h e  minimum clamp area 

requ i r ed  would b e  less than f o r  a "pad-opposing-plate" clamp conf igu ra t ion .  

The magnitude of t h e  s l i p  c o e f f i c i e n t  f o r  any of t h e  clamp pad con- 

f i g u r a t i o n s  could b e  increased  by reducing t h e  concen t r a t ion  of t h e  ba l -  

loon l u b r i c a n t ;  however, t h i s  would reduce t h e  p o s s i b i l i t y  of equal  

loading  of each clamp pad and perhaps increase t h e  p o s s i b i l i t y  of ba l -  

loon f i l m  damage. 

The s l i p  c o e f f i c i e n t ,  T/PA, appears t o  i n c r e a s e  s l i g h t l y  w i t h  clamp 

pad p res su re .  P a r t  of t h i s  e f f e c t  i s  be l i eved  t o  r e s u l t  from some th in-  

n ing  down of t h e  concen t r a t ion  of t h e  ba l loon  f i l m  l u b r i c a n t ,  s i n c e  t h e  

l ead ing  edge of f i l m  a t  t h e  f i r s t  clamp pad may be  scraped clean as t h e  

ba l loon  s l i p s  through t h e  clamp. 

The s l i p  c o e f f i c i e n t  d a t a  f o r  t h e  0.75 m i l  t a p e l e s s  ba l loon  are 

apparent ly  lower than  f o r  t h e  1 .5  m i l  taped ba l loon .  This d i f f e r e n c e  

could d e r i v e  from t h e  e f f e c t  of t h e  load  t apes .  

c o e f f i c i e n t  d a t a  of Fig.  7 i n d i c a t e  t h a t  t h e  number of clamp pads does 

n o t  apprec iab ly  a f f e c t  t h e  magnitude of t h e  clamping s l i p  c o e f f i c i e n t .  

The clamping s l i p  ~ 
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The d a t a  of Fig.  7 can b e  used t o  determine t h e  s i z e  of t h e  clamp 

needed t o  r e s t r a i n  polyethylene ba l loons  w i t h  a requi red  force .  

such as t h a t  presented  i n  Fig.  8 can be  developed f o r  a minimum T/PA 

determined from Fig.  7. 

w i l l  r e s t r a i n  the  ba l loon  a t  t h e  des i r ed  clamping pressure .  

ra te  curves w e r e  developed f o r  t h e  clamp s i z i n g  c h a r t .  One w a s  f o r  t h e  

"pad-on-pad" clamp conf igu ra t ion  ( f o r  a cons tan t  T/PA of 0.28) t o  be  

used f o r  t h e  1.5 m i l  taped bal loon;  t h e  o t h e r  ( f o r  a cons tan t  T/PA of 

0.19) w a s  f o r  t h e  "pad-on-plate" clamp conf igu ra t ion  t o  be used f o r  t h e  

1.5 m i l  taped ba l loon ,  and f o r  t h e  0.75 m i l  ba l loon  wi th  e i t h e r  clamp 

conf igura t ion .  A s  noted on Fig.  8, t h e  curve i s  intended only f o r  t h e  

clamping conf igu ra t ion  where t h e  clamp pads are covered wi th  polyethylene 

f i l m  and t h e  ba l loon  is covered with a polyethylene s l eeve ,  w i t h  poly 

powder between t h e  clamp pad cover and sleeve. 

A curve 

A minimum T/PA is  used t o  a s s u r e  t h a t  t h e  clamp 

Two sepa- 

The f i r s t  curve on Fig.  8 may be  used as fol lows.  Assume a 3 m i l -  

l i o n  cu f t  ba l loon  wi th  load t apes ,  and a ne t  i n f l a t i o n  bubble l i f t  of 

3000 l b .  The des i r ed  minimum clamp r e s t r a i n i n g  f o r c e  would be  -3300 l b ,  

a l lowing f o r  some "cushion." W e  then assume a d e s i r e d  clamping p res su re  

of 25 p s i ,  which g ives  a T/A of 7.0. 

would be 

The es t imated  requi red  clamp area 

3300 = 470 s q  i n .  T A = - =  
T / A  7 .O 

Damage Evaluat ion of Clamped Balloon Film 

A s  s t a t e d  above, t h e  ba l loon  f i l m  s e c t i o n s  f o r  each tes t  were in- 

spected v i s u a l l y  a f t e r  t h e  clamp tests t o  determine which ba l loon  clamp- 

ing  conf igu ra t ions ,  p re s su res ,  and techniques r e s u l t e d  i n  t h e  least 

apparent damage t o  t h e  ba l loon  f i lm.  Prel iminary room temperature  ten- 

s i l e  tes ts  of a s m a l l  number of 0.75 m i l  ba l loon  f i l m  samples clamped 

a t  10 and 20 p s i  i nd ica t ed  a s l i g h t  i nc rease  i n  average y i e l d  s t r e n g t h  

f o r  both machine and t r a n s v e r s e  d i r e c t i o n s ,  and a s l i g h t  decrease  i n  

average u l t i m a t e  s t r e n g t h  only f o r  t h e  t r a n s v e r s e  d i r e c t i o n .  
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A f t e r  cons iderable  clamp t e s t i n g  had been completed, ba l loon  test  

s e c t i o n s  were s e l e c t e d  f o r  eva lua t ion  of ba l loon  f i l m  damage. Samples 

f o r  t e n s i l e  t e s t i n g  w e r e  taken from areas of clamped ba l loon  f i l m  where 

crease damage from clamping w a s  most severe on t h e  b a s i s  of v i s u a l  in-  

spec t ion  under po la r i zed  l i g h t .  L i t t l e  t i m e  w a s  spen t  t e s t i n g  t h e  areas 

of clamped ba l loon  f i l m  which were no t  damaged, s i n c e  clamping without  

v i s i b l e  damage w a s  no t  considered t o  r e s u l t  i n  lower f i l m  tens i le  s t r eng th .  

The r e s u l t s  of t h e  damage eva lua t ion  of clamped ba l loon  f i l m  by 

t e n s i l e  test are presented i n  Tables 6 and 7 .  Table 6 presen t s  t h e  

maximum, minimum, and average t e n s i l e  s t r e n g t h s  ( i n  pounds) f o r  t he  

samples t e s t e d ,  and Table 7 p re sen t s  t h e  d e v i a t i o n  ( i n  percent )  i n  

s t r e n g t h  of t he  clamped ba l loon  f i lm  compared t o  t h e  s t r e n g t h  of un- 

clamped ba l loon  f i lm.  

The tes t  samples were 1 X 8 i n .  and w e r e  pu l l ed  a t  a s t r a i n  ra te  

of 20 in . /min a t  room temperature and a t  a s t r a i n  ra te  of 5 in./min a t  

-60°C. 

t u r e ,  f o r  a t o t a l  of 100 samples f o r  each ba l loon  clamp test s e l e c t e d  

f o r  t e n s i l e  tes t .  

Twenty-five samples  were t e s t e d  f o r  each d i r e c t i o n  and tempera- 

The f i r s t  ba l loon  test s e c t i o n s  chosen f o r  damage eva lua t ion  were 

2-13 and 1-14. These s e c t i o n s  had been clamped a t  35 and 20 p s i ,  re- 

s p e c t i v e l y ;  they w e r e  s e l e c t e d  f o r  t e n s i l e  t e s t i n g  because t h i s  clamping 

conf igura t ion  r e s u l t e d  i n  t h e  smallest propor t ion  of damaged areas. 

For t h e  0.75 m i l  ba l loon  (1-14) clamped a t  20 p s i ,  t h e  t e n s i l e  test 

r e s u l t s  i n  Table 7 i n d i c a t e  t h a t  the average u l t i m a t e  s t r e n g t h  i n  the  

machine d i r e c t i o n  a t  room temperature i s  9% lower f o r  t h e  clamped f i l m  

than  f o r  t h e  undamped f i lm.  The average y i e l d  and u l t i m a t e  s t r e n g t h s  

f o r  t he  clamped f i l m  a t  - 6 0 ° C  are both h igher  by more than 10%. 

The t e n s i l e  t es t  r e s u l t s  (Table 7) f o r  t h e  1 .5  m i l  ba l loon  (2-13) 

clamped a t  35 p s i  are similar t o  t h a t  of sample 1-14 descr ibed  above. 

The average u l t ima te  s t r e n g t h  f o r  t he  clamped f i l m  a t  room temperature 

i s  s l i g h t l y  less than 20% lower i n  the  machine d i r e c t i o n  than t h a t  f o r  
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unclamped f i lm.  The average y i e l d  and u l t i m a t e  s t r e n g t h s  a t  -60°C and 

t h e  average y i e l d  s t r e n g t h  a t  room temperature f o r  t h e  clamped f i l m  i s  

approximately t h e  same as, o r  s l i g h t l y  g r e a t e r  than ,  t h e  s t r e n g t h s  of 

t h e  unclamped f i lm .  

A s tudy of Table  6 (which p resen t s  t h e  a c t u a l  maximum, minimum, and 

average s t r e n g t h  va lues  f o r  t h e  samples  t e s t e d )  w i l l  show a comparable 

r e s u l t .  Only t h e  u l t i m a t e  s t r e n g t h  i n  the  machine d i r e c t i o n  a t  room 

temperature  is adverse ly  a f f e c t e d .  Af t e r  t h e  above r e s u l t s  from t h e  

t e n s i l e  test eva lua t ion  were obtained f o r  samples 1-14 and 2-13, i t  w a s  

decided t h a t  a d d i t i o n a l  ba l loon  s e c t i o n s  clamped a t  lower clamping pres- 

su res  should a l s o  be evaluated.  Accordingly, test  samples 1-13 and 2-11 

were s e l e c t e d ,  us ing  t h e  same b a s i c  cr i ter ia  as t h e  ear l ier  (1-14 and 

2-13) test  samples except  t h a t  t h e s t  tests w e r e  conducted a t  lower clamp- 

i n g  pressures .  

For the  0.75 m i l  tes t  sample (1-13) which w a s  clamped a t  15  p s i ,  

t he  t e n s i l e  t es t  r e s u l t s  (Table 7)  i n d i c a t e  a s l i g h t  drop ( l e s s  than  

4%) i n  average y i e l d  and u l t i m a t e  s t r e n g t h s  except  f o r  t h e  t r a n s v e r s e  

d i r e c t i o n  a t  room temperature ,  where t h e  y i e l d  and u l t ima te  s t r e n g t h s  

are s l i g h t l y  g r e a t e r  than t h a t  f o r  unclamped f i lm.  The r e s u l t s  (Table 6) 

i n d i c a t e  a s i m i l a r  t rend  f o r  t h e  maximum, minimum, and average va lues  

f o r  t h e  t e n s i l e  s t r e n g t h s  of t he  clamped ba l loon  f i lm.  

The test r e s u l t s  (Table 7) f o r  t h e  1.5 m i l  test sample (2-11) which 

w a s  clamped a t  20 p s i ,  i n d i c a t e  a s u b s t a n t i a l  l o s s  i n  average y i e l d  

s t r e n g t h  (9  t o  13%) f o r  both machine and t r a n s v e r s e  d i r e c t i o n s  a t  -60°C 

compared t o  the  unclamped ba l loon  f i l m  o r  t h e  ba l loon  f i l m  clamped a t  

35 p s i  i n  test 2-13. The t e n s i l e  t es t  r e s u l t s  (Table 7)  f o r  2-11 a t  

room temperature  i n d i c a t e  only a s l i g h t  ga in  o r  l o s s  i n  average y i e l d  

and u l t i m a t e  s t r e n g t h s  (4% or  l e s s )  f o r  clamping t h e  f i l m  a t  20 p s i .  

The maximum and minimum s t r e n g t h  va lues  f o r  2-11 (Table 6 )  a l s o  i n d i c a t e  

the  l o s s  i n  s t r e n g t h ,  
X P  

It may be of va lue  t o  examine the  p re s su re  t o  which the  ba l loons  

are exposed dur ing  a "spool" launch. A very  b r i e f  and approximate 
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sample c a l c u l a t i o n  is  given f o r  determining t h e  spool  con tac t  p re s su re  

f o r  t h e  ba l loon  f i l m  l a y e r s  ad jacent  t o  t h e  launch spool .  

We may assume 

1. a ba l loon  w i t h  a n e t  bubble l i f t ,  T ,  of 3450 l b  ( t h e  

condi t ions  of test sample 2-13), 

2. a launch spool  4 i n .  i n  r ad ius ,  r ,  and 

3. a ba l loon  width a t  spool  of 26 i n .  

The assumed launch conf igu ra t ion  i s  i n d i c a t e d  below. 

T 

P COS e 

'P 

Pressu re  a t  the  launch spool  su r face  i s  equal  f o r  t h e  90" con tac t  arc. 

The r e a c t i o n  fo rce ,  R ,  f o r  a u n i t  width of t h e  launch spool  u t i l i z e d  i s  

equal  t o  t h e  v e c t o r i a l  a d d i t i o n  of t h e  p re s su re ,  p ,  on t h e  launch spool ,  

which i s  

2rp &45 COS Ode = 1.414 r p  

R = m= 1.414 r p  
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o r  

= 33 p s i  - 188 - R 
1.414 r 1.414 x 4 P =  

where 

Thus t h e  approximate p re s su re  on t h e  ba l loon  f i l m  a t  t h e  launch 

spool  is  33 p s i  f o r  t h i s  example. Perhaps t h e r e  would b e  some m e r i t  i n  

eva lua t ing  t h e  t e n s i l e  p r o p e r t i e s  of ba l loon  f i l m  exposed t o  a spoo l  

launch t o  determine whether there i s  a comparable l o s s  i n  tensi le  

p r o p e r t i e s .  
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CONCLUSIONS 

The r e s u l t s  of t h e  tests performed wi th  t h e  clamped polye thylene  

f i l m  ba l loon  s e c t i o n s  i n d i c a t e  t h a t  a ba l loon  r e s t r a i n t  device  i s  fea- 

s i b l e  i f  l imi t ed  damage can be t o l e r a t e d .  There is some damage t o  t h e  

clamped ba l loon  f i l m  if the  b e s t  clamp test procedures are followed. 

The requi red  clamp s i z e  would be f e a s i b l e  f o r  most app l i ca t ions .  

Damage t o  t h e  ba l loon  f i l m  is summarized i n  t h e  damage eva lua t ion  

s e c t i o n  of t h i s  r e p o r t  and i n  Tables 6 and 7 .  There i s  some decrease  

i n  t e n s i l e  s t r e n g t h  f o r  ba l loon  f i lms  clamped a t  p re s su res  between 15 
and 35 p s i ,  b u t  t h e  l o s s  i n  t ens i l e  s t r e n g t h  of t h e  damaged ba l loon  f i l m  

appears n e i t h e r  t o  be c o n s i s t e n t  nor a d i r e c t  func t ion  of clamping pres- 

su re .  The -19% l o s s  i n  u l t i m a t e  t e n s i l e  s t r e n g t h  i n  t h e  machine d i rec-  

t i o n  a t  room temperature  f o r  t es t  sample 2-13, which w a s  clamped a t  

35 p s i ,  w a s  no t  ev ident  i n  t es t  sample 2-11, which w a s  clamped a t  a 

lower p re s su re  of 20 p s i ;  however, test sample 2-11 showed a lQss of 

-10% i n  average y i e l d  and u l t ima te  t e n s i l e  s t r e n g t h s  i n  t h e  machine 

and t r a n s v e r s e  d i r e c t i o n s  a t  -6O"C,  which test sample 2-13 d id  no t  show. 

The -19% l o s s  i n  average u l t i m a t e  s t r e n g t h  i n  the  machine d i r e c t i o n  

a t  room temperature  w a s  t he  only l o s s  i n  average s t r e n g t h  of t h e  sagple  

2-13 test  r e s u l t s .  It  should be  emphasized aga in  t h a t  t h e  samples f o r  

t he  t e n s i l e  t es t  damage eva lua t ion  were taken from areas of t h e  s e l e c t e d  

clamped ba l loon  tes t  s e c t i o n s  which were most s eve re ly  damaged by clamping. 

It i s  d i f f i c u l t  t o  eva lua te  how l o s s  i n  t e n s i l e  s t r e n g t h  for t h e  

clamped ba l loon  f i l m  may a f f e c t  t h e  p r o b a b i l i t y  of a success fu l  ba l loon  

f l i g h t .  A s l i g h t  l o s s  i n  t e n s i l e  s t r e n g t h  probably would i n c r e a s e  the 

chance f o r  a ba l loon  f a i l u r e ,  b u t  t h e  use  of a ba l loon  r e s t r a i n t  device  

f o r  some launch condi t ions  may g r e a t l y  enhance t h e  p r o b a b i l i t y  of a 

success fu l  launch, thus  tending t o  i n c r e a s e  the  p r o b a b i l i t y  of a suc- ' 

c e s s f u l  f l i g h t .  

It should be  noted a l s o  t h a t  t he  p re s su res  t o  which the  ba l loon  

f i l m  i s  exposed a t  t h e  launch spool  are of t h e  same magnitude as those  
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i n  t he  l abora to ry  ba l loon  clamp. 

i n  t h e  damage eva lua t ion  s e c t i o n  of t he  r e p o r t  es t imated a con tac t  

p re s su re  of t he  ba l loon  f i l m  l a y e r s  n e a r e s t  t h e  launch t o  be 33 p s i  

f o r  a ba l loon  (26 i n .  wide i n  t h e  launch spool )  r e s t r a i n e d  a t  3450 l b .  

It may b e  adv i sab le  t o  eva lua te  t h e  t e n s i l e  s t r e n g t h  of ba l loon  f i l m  

exposed t o  a launch spoo l  under s imulated launch condi t ions  t o  de t e r -  

mine whether crease damage similar t o  t h a t  encountered wi th  t h e  ba l loon  

clamp is  now being experienced wi th  spool  launches.  

The example given f o r  a spool  launch 

There i s  a clamping p res su re  l i m i t a t i o n  f o r  the ba l loon  clamp. 

Visual  i n spec t ion  wi th  po la r i zed  l i g h t  i n d i c a t e s  t h a t  damage t o  t h e  

ba l loon  f i l m  becomes more pronounced as t h e  clamping p res su re  exceeds 

35 p s i  f o r  t h e  1.5 m i l  polyethylene and 20 p s i  f o r  t he  0.75 m i l  poly- 

e thylene  bal loons.  These p re s su res ,  however, would be s u f f i c i e n t  f o r  

most app l i ca t ions .  
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T a b l e  3 

 EFFECT(^) op C R E A S ~ ~ )  ON BALLOON FILM YIELD AND ULTIMATE STRENGTH 

I N  AVERAGE PERCENT DEVIATION FROM UNTOUCHED MATERIAL 

Test F i l m  

0.75 m i l  Mylar 

0.75 m i l  
Polyethylene 

Scrim Mylar (0.5 mil) 
Mylar on 0.6  ozlsq yd 
leno weave dacron 
scrim 

Pul l  
Direction 

Machine 

Transverse 

Machine 

Transverse 

Machine 

Transverse 

Machine 

Transverse 

Machine 

Transverse 

Machine 

Transverse 

-60°C 

Yield 
Strength 

Ultimate 
Strength 

+5.4 

-1.8 

(+l. 2) 

(-1.8) 

+21.4 

+14.6 

(f9.3) 

(+7.3) 

-16.0 

(-8.5) 

f 2 . 3  

-9.1 

(-5.0) 

(-1.0) 

+6.5 

+14.9 

(-1.8) 

(+7.3) 

-6.6") 

(-11.4) (') 

Room Temperature 

Yield 
Strength 

-4.9 

+4.2 

(-3.9) 

(+3.1) 

-3.0 

-9.3 

(0) 

(-7.5) 

+0.5 

f 2 . 1  

(-1.9) 

(f5.6) 

U1 t ima t e 
Strength 

-12.2 

-19.6 

(-22.3) 

(-20.2) 

+l. 6 

+O. 4 

( t2 .8)  

(+0 .4) 

-2.5 

-9.6 

(+0 .8) 

(-6.8) 

(a) Given numbers are  the average percent strength deviations for  creased and pressed samples 
re la t ive  t o  the untouched control samples. Numbers i n  parentheses are the average percent 
strength deviations for  the pressed samples, and numbers not i n  parentheses are  the average 
percent strength deviations for  the creased samples. 

Creased samples were creased normal t o  the pul l  direction a t  15 p s i  for 3 hr; pressed 
samples were pressed a t  15 p s i  fo r  3 hr. 

Data for  transverse direction of scrim Mylar a t  -60°C was inconclusive because not a l l  
samples had the same number of threads. 

(b) 

(c) 
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I Moving carriage 
2 Metal sled ( 1.4 sq in. contact area 1 
3 118 in. Foam rubber 
4 Weight 
5 Load cell 
6 Metal sled ( 6  sq in. contact area 1 

Fig. 1 Friction apparatus. 

I Solid aluminum ( I X 6  in. 1 
2 Solid aluminuni (1x6 in.) 

with full radius corners 
3 Gas barrier for inflatable 

modules 

Fig .  2 End-sectional view of pneumatic clamp pad. 
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I End seal for gas barrier 
2 Solid aluminum 
3 Solid aluminum 
4 Pressure fitting for ation 

Fig. 3 Cross-sectional view of pneumatic clamp pad. 

nf 

2 

I Inflatable pad modules 
2 Support structure 

Fig. 4 Multiple module array for pneumatic clamp pad. 
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Fig .  5 Laboratory ba l loon  clamp apparatus  II 
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F i g .  6 Laboratory ba l loon  clamp test .  
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I I I I I 

0 10 20 30 40 5 0  60 
% S  

ad pressure (ps i )  

F i g .  8 Estimxed clamp s i z i n g  parameter. 
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