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Tnim nnrtm-rniT  i .O I L " & R " U " U I / " L "  

During t h e  cur ren t  r epor t ing  per iod ,  f a b r i c a t i o n  

of the  d e l i v e r a b l e  items from Rexwell mesh, was completed. 

The bonding was done a t  Ultrasonic  Seal ,  Inc . ,  Ardmore, 

Pennsylvania. I n  add i t ion ,  t h e  mechanical, e l e c t r i c a l  and 

photomicrographic t e s t s  have been c a r r i r e d  o u t  on the mesh. 
e 

Addit ional ly ,  samples o f  Sea Space t h i n  polyethylene f i l m  

(0.15 m i l )  were i r r a d i a t e d  and subsequently hea t  t r e a t e d  

i n  a i r  and n i t rogen .  Tensi le  and shrinkage tes t s  were then  

performed on t h e  samples t o  determine t h e  e f f e c t s  of 

i r r a d i a t i o n ,  hea t  and oxida t ion  on the f i l m .  A 1 m i l  high 

d e n s i t y  polyethylene f i l m  has been se l ec t ed  f o r  i n i t i a l  

tests t o  determine the  f e a s i b i l i t y  of i r r a d i a t i n g ,  e x t r a c t i n g ,  

hea t  t r e a t i n g ,  pe r fo ra t ing ,  and p l a t i n g  t h i n  polyethylene 

f i l m .  The f i l m  s e l ec t ed  i s  Marlex 6002 made by P h i l l i p s  

Chemical Co. This  has been done so a s  t o  deteml:ie the 

process ing  problems on a l e s s  c o s t l y  r e p r e s e n t a t i v e  

polyethylene f i l m .  I n i t i a l  t e s t s  i n d i c a t e  good p l a t a b i l i t y  

o f  this f i l m ,  

The se tup  f o r  the e x t r a c t i o n  program has been 

s t a r t e d  . Constant temperature ba ths  and a u x i l i a r y  c o n t r o l s  

have been procured a s  w e l l  a s  t h e  r e q u i s i t e  so lven t s  and 

a n t i o x i d a n t s .  

F ina l ly ,  prel iminary c a l c u l a t i o n s  have been 

s t a r t e d  i n  o rde r  t o  determine t h e  requi red  th ickness  of 

polyethylene f i l m  t h a t  w i l l  be ab le  t o  withstand a buckling 

p r e s s u r e  of f i v e  times s o l a r  pressure .  

-1- 



2 00 COMPLETION OF FABRICATION - ULTRASONIC BONDING 

The f a b r i c a t i o n  scheme f o r  a l l  the  d e l i v e r a b l e  

i tems c o n s i s t s  of u l t r a s o n i c a l l y  bonding a predetermined 

l/b-inch over lap  between adjacent  subsegments of mesh. 

A t  f irst ,  continuous u l t r a s o n i c  bonding was 

attempted. The specimens t o  be bonded were passed between 

a b a r  ope ra t ing  a t  an  u l t r a s o n i c  frequency and an  a n v i l .  

The ope ra t ion  caused t e a r i n g  and buckl ing of  t h e  mesh 

a t  t h e  bond, 

It was then  necessary t o  use  an i n t e r m i t t e n t  b a r  

welding ope ra t ion  ( u s i n g  an Ul t rasonic  Sea l  "402" model bonder) 

T h i s  ope ra t ion  consists of p l a c i n g  the mesh t o  be bonded 

between t h e  ba r  and the anv i l ,  applying pressure  and then  

o s c i l l a t i n g  the b a r  a t  u l t r a s o n i c  frequency. 

r e s u l t e d  i n  a smooth and pressed bond, 

T h i s  opera t ion  

Upon c l o s e  examination of t k e  bonded ma te r i a l ,  i t  

was observed t h a t  the bonded mesh peeled.  T h i s  f a i l u r e  t o  

achieve a s a t i s f a c t o r y  bond was due t o  t h e  i n t e r f e r e n c e  of t h e  

t h i n  copper coa t ing  on t h e  m e s h  sui-face. A t  f irst  it w8s 

bel ieved  t h a t  c l ean ing  a c t i o n  caused by u l t r a s o n i c  frequency 

s u f f i c i e n t l y  removed enough copper t o  permit a polyethylene 

bond. Th i s  was no t  so. It was then necessary t o  remove 

s e l e c t e d  a r e a s  of copper from the  1/4-inch over lap  w i t h  

n i t r i c  a c i d .  A schematic diagram of t h e  copper removal p l an  

i s  presented i n  Figure 1. 

With t h e  removal of copper from se l ec t ed  a r e a s  of 

t h e  mesh, i t  was found t h a t  a s t rong  and t r u e  bond was 

achieved a t  those a r e a s .  The u l t r a s o n i c  ope ra t ion  was 

appl ied t o  the whole bonding l eng th  t o  i n s u r e  a smooth and 

uniform th ickness  between subsegments. 
-2- 



Copper Rem0 

P la t ed  

F igure  1 SELECTED AREAS OF REMOVED COPPER 

2.1 Operating Conditions 
_ _  With estabi isnment  or' t n e  proper mesh surface 

cond i t ions  and ope ra t ing  t o o l ,  t h e  following opera t ing  

ve d 

cond i t ions  were used t o  bond t he  d e l i v e r a b l e  items: 
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1. Bar used: 1/2-inch wide, 2-1/2-inches long, 
monel metal ,  f l a t  face .  

2. Frequency: 20,000 cycles/second. 

3. Pressure:  70-80 ps i .  

4. Clearance: 0,030-0.040 inch. 

5. Power: 400 wat ts .  

6. Contact time: 1.5 second 

7. Hold time: 0.5 second ( f o r  cool ing) .  

( u l t r a s o n i c  frequency a p p l i e d ) .  

2.2 E l e c t r i c a l  Continuity 

E l e c t r i c a l  r e s i s t a n c e  measurements were taken on 

1-inch square samples o f  p la ted  Rexwell PIX-44 mesh during 

t e n s i l e  tests.  The a c t u a l  d a t a  p o i n t s  a r e  p l o t t e d  VS. s t r a i n  

i n  Figures  2 and 3 f o r  f i v e  samples. It can be seen f r o m  

the  graphs t h a t  the maximum s p e c i f i e d  r e s i s t a n c e  o f  

2 ohms/sq. occurs a t  approximately 20% s t r a i n ;  a f t e r  which 

there i s  a very r ap id  loss i n  c o n t i n u i t y  ( r ap id  inc rease  

i n  r e s i s t a n c e )  . 
Resis tance measurements were a l s o  taken a c r o s s  

the bonded mesh. Resul t s  i n d i c a t e ,  see Figures  4 and 5, t h a t  

the  c o n t i n u i t y  ac ross  the  bond i s  much l e s s  than i n  the 

p l a t e d  mesh i t s e l f  , Addit ional ly ,  losses i n  c o n t i n u i t y  occur  

more r a p i d l y  w i t h  increas ing  s t r a i n  for t he  bonded-plated mesh. 

I n  f a c t ,  a f t e r  approximately 4% s t r a i n  there i s  n e a r l y  no 

con t inu i ty .  These r e s u l t s  for t h e  bonded mesh may be expected 

s i n c e  there i s  not  r e a l l y  a t r u e  bond between t h e  p l a t e d  

p i e c e s  of  mesh. 

Resis tance measurements were a d d i t i o n a l l y  made 

du r ing  a bend r a d i u s  t e n s i l e  t es t .  

between a g l a s s  f i l l e d  epoxy r e s i n  k n i f e  edge and the jaws 

(Samples were pul led  

-4- 
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Figure  2 RESISTANCE I IS . STRAIN CURVE PLr!?'T:D REXWELL MiC-4 4 K:::,?i 

/ P l a t e  Time : 1 C  n l n .  
S t r a i n  Rate  : C . 2  in. /min. 

'rn l e p p r r a t u r e  : amSient 

( 5  s a z p l e s )  
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I o f  the t e n s i l e  tes ter .  See Figure 6.)  

Jaws of 
Tens i l e  Tester 

Mesh 
T e s t  Sample 

Direc t ion  of  

D i rec t ion  
of Gr ip  Separa t ion  

Figure 6 BEND RADIUS TENSILE 

The r e s u l t s  of t h i s  

<Knife Edge 

r 

Grip 

t e r  

--- Jaws of Tens i l e  Tester 

SCHEMATIC 

t e s t  ( see  Figure 7) indTcate 

t h a t  l o s s  of c o n t i n u i t y  w i t h  s t r a i n  comes f a s t e r  under 

these more s t r i n g e n t  t e s t  condi t ions.  
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~ " ' ~ Z ; ~ ~ u ' I C A L  TESTING 

Tens i le  tests were performed on t h e  Rexwell mesh 

3 .o 

through i t s  var ious s t a g e s  o f  processing.  The t es t s  were 

performed on 1-inch wide samples using an  I n s t r o n  t e n s i l e  

tester,  Grip sepa ra t ion  on t h e  jaws o f  the t e n s i l e  t e s t e r  

was l - inch.  

d i r e c t i o n s .  

Tens i l e  t es t s  were pu l l ed  i n  t h e  Oo, 45' and 90' 

I n  add i t ion ,  f l e x u r a l  r i g i d i t y  tests were performed 

on the i r r a d i a t e d  hea t  t r ea t ed  and p l a t e d  mesh i n  the 

Oo, 45' and goo d i r e c t i o n s ,  

r e s u l t s  . 
Table 1 summarizes the  t e s t i n g  

The tests ind ica t e  t h a t  there i s  a genera l  i nc rease  

i n  s t r e n g t h  and r i g i d i t y  (and s t i f f n e s s )  of the  m a t e r i a l  w i t h  

processing.  

of y i e l d  fo rce ,  Fy, modulus of e l a s t i c i t y ,  E, and f l e x u r a l  

r i g i d i t y ,  G, w i t h  processing. On the o t h e r  hand, t h e r e  i s  

l ess  o f  a decrease i n  s t rength .  

induced coosslinkage and the copper p l a t e  n u l l i f y  the degrading 

effects c!f radiati9I2 al?d chemical a t t a c k  

be seen from the  nea r  consistency o f  Fy i n  Table 1, going 

from i r r ad ia t ed -hea t  t r ea t ed  m a t e r i a l  t o  p l a t e d  ma te r i a l .  

This  can be seen from the inc reas ing  values  

T h i s  i s  due t o  t h e  f a c t  t h a t  

This can espezialPy 

The mechanical p rope r t i e s  o f  t he  bonded mesh a r e  

a l s o  included i n  Table 1. 

decrease  i n  s t r e n g t h  a t  t h e  bond. 

i s  the  same for  both bonds wi th  coated copper and without.  

The l o s s  i n  s t r e n g t h  i s  caused by s t r e s s  concent ra t ions  a t  t h e  

edge o f  t h e  bond. I n  a l l  t e n s i l e  tests f a i l u r e  occurred a t  

this l oca t ion .  

It can be seen t h a t  t h e r e  i s  a l a r g e  

This  l o s s  i n  s t r e n g t h  

-11 - 
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4 .o PHCITOMICmG?-!PHIIS 

Photomicrographs o f  p la ted  Rexwell MX-44 mesh were 

taken a t  2OOX magnification on a Unitron U-11  me ta l lu rg ica l  

microscope. The results a re  shown i n  Figure 8. Photograph ( A )  

shows the p l a t e d  ma te r i a l .  AI, can 'ut: bt.eii t ' i lgt  t h e r e  is 5 

continuous g ra in - l ike  coat ing on t h e  sample. Photographs 

(B) and ( C )  a r e  photomicrographs of the su r face  of t h e  p l a t e d  

- c I  

mesh a t  loss of con t inu i ty  i n i t i a t e d  by a normal t e n s i l e  t e s t  

and a bend r a d i u s  t e s t .  The su r faces  photographed f o r  bo th  

o f  t hese  samples were chosen a t  the  po in t  of' maximum copper 

separa t ion .  

t h a t  a f t e r  s t r e t c h i n g  the  copper s e p a r a t e s  i n t o  discont inuous 

i s l a n d s  of copper a t  t h e  point  where con t inu i ty  i s  l o s t .  

It i s  seen by comparison w i t h  photograph ( A ) ,  

Photographs ( D )  and (E)  a r e  photomicrographs of p l a t e d  

bonded mesh and p l a t e d  bonded mesh a t  loss of con t inu i ty  

r e s p e c t i v e l y .  It can be seen from these  photographs t h a t  

t h e r e  i s  less copper on the su r face  of the  mesh because less  

r e f l e c t i v e  polyethylene shows up a s  a da rke r  sur face .  The 

loss of copper i n  both photographs ( D )  and ( E )  i s  

t o  the c leaning  a c t i o n  of the u l t r a s o n i c  bonding opera t ion  

a t  t he  bond. Addit ional ly ,  i n  photograph ( E )  f u r t h e r  copper 

i s  removed during the  t e n s i l e  t e s t .  The dark a r e a s  surrounding 

t h e  b r i g h t  l i n e  i n  the  cen te r  of photograph ( E )  s p e c i f i c a l l y  

a t t r i b u t e d  

show the c leaning  and copper sepa ra t ion  e f f e c t s .  

-13- 



r'igure 8 PHOTOMICROGRAPHS O F  REXYIIELL MX-44 PLATED MESH (200X) 

A 
PLATED-UIVl'OUCHED 

C 

l3 
PLATZD-PULLED TO LOSS O F  CONTINUITY 

BEND RADIUS-PULLED TO LOSS OF COiVTINUITY 

D E 
ILATED-BNDED (AT WND) PLATZD-BONDED AT LOSS O F  CONTINUITY 

(AT Bomj 



5.0 INITIAL SELECTION OF THIN POLYETHYLENE FILM 

I '  
A s e l e c t i o n  of t h in  polyethylene f i l m  for t he  

The f i l m  is Marlex 6002 i n i t i a l  program has been made. 

manufactured by the P h i l l i p s  Johanna Co. 

2 4 4 n c h  wide, 1 - m i l  th ick  f i l m  has been ordered.  The 

F i f t y  (50) lbs. of 

s i g n i f i c a n t  p r o p e r t i e s  of  the f i l m  a r e  l i s ted  i n  Table 2. 

Table 2 

Proper t ies  o f  Marlex 6002 Polyethylene Film 

No. Average W t .  Average C r y s t a l l i n e  Modulus of' 
Molecular Molecular Melting E l a s t i c i t y  

Density Wei h t  Point  Tm (E P s i )  
p /cm3 (Mny (OC.  1 
0.960 -/lo500 rJ 122000 135 11823f4135 (0') 

8180f643 (goo) 

The r a t i o  of i n d i c a t e s  t h a t  t he re  is a wide 

d i s t r i b u t i o n  o f  molecular weights i n  these  f i l m s .  This  

s i t u a t i o n  i s  q u i t e  favorable  f o r  ex t r ac t ion .  

the p o s s i b i l i t y  of ex t r ac t ing  a l a r g e  amount of low molecular 

weight ma te r i a l  f rom t h e  f i l m  l eav ing  a mat r ix  of  crossl inked 

h igh  molecular weight f r a c t i o n s  . 

It i n d i c a t e s  

Addi t iona l ly  the  Marlex 6002 was checked f o r  

p l a t a b i l i t y .  The standard copper p l a t i n g  cycle  was used w i t h  

t h e  fol lowing except ion.  .. a f i v e  minute p l a t e  was used in s t ead  

of  t he  t e n  minute one. 

w i t h  a r e s i s t ance  o f  1 ohm/square. , 

A w e l l  adhering bond was achieved 

-15- 



6 .o EXTRACTION STUDIES 

The e x t r a c t i o n  study has been expanded so a s  t o  

encompass methods of increas ing  t h e  modulus of e l a s t i c i t y  

of the polyethylene a s  well a s  t o  lower i t s  weight. O f  

primary cons idera t ion  i n  t h i s  study i s  t h e  E/p r a t i o ,  where 

E is the  modulus of e l a s t i c i t y  of  the  ma te r i a l  and i s  i t s  

dens i ty .  The aim of t h i s  study w i l l  be t o  maximize t h i s  

quan t i ty .  The q u m t i t y  E w i l l  be evaluated using a standard 

t e n s i l e  t e s t .  The quantity/  w i l l  be evaluated using a 

polymer dens i ty  g rad ien t  apparatus  which w i l l  be procured 

and assemble6 i n  the nea r  fu tu re .  The so lvent  used f o r  a l l  

o f  t h e  prel iminary e x t r a c t i o n s  w i l l  be xylene. It has been 

chosen s ince  i t  is a standard e x t r a c t i o n  so lvent  for 

polyethylene.  

The experimental  program w i l l  t e n t a t i v e l y  c o n s i s t  

of f i v e  p a r t s .  These are a s  follows: 

1. Dose Variat ion Study. The polyethylene f i l m  

w i l l  be given doses from 5 t o  75 Mrads. The r e s u l t a n t  

c ross l inked  ma te r i a l  will then l e  extracted. E n-il * will 

t hen  be measured . 
r 

2. Ex t rac t ion  Variat ion Study. Polyethylene f i l m  

w i l l  be i r r a d i a t e d  a t  one r ep resen ta t ive  dose. The degree 

o f  e x t r a c t i o n  w i l l  then be var ied .  A check f o r  v a r i a t i o n s  

i n  E w i l l  be made. 

3 . Chemically Induced Crossl inking ( swe l l ing )  Study, 

Polyethylene w i l l  be swollen i n  a l l y l  

methacrylate  (AMA) and d i v i n y l  benzene (DVB) 

c r o s s l i n k i n g  agents  (see R A I  339, F ina l  Report dated 

October 15, 1964, "Upgrading of Polymeric Mate r i a l s  f o r  

E l e c t r i c a l  Applicat ions")  . 

two e x c e l l e n t  

Polyethylene w i t h  c ros s l ink ing  
-1 A, 



agents  Incorporated w i l l  subsequently be i r r a d i a t e d  t o  var ious  

doses of i r r a d i a t i o n ,  E and will be measured. 

4. Solvent Optimization. It is planned t o  t e s t  

e x t r a c t i o n  a t  a given dose using var ious so lven t s  a t  tempera- 

t u r e s  below their  b o i l i n g  poin ts .  

and temperature c c n t r o l s  have been set  up i n  p repa ra t ion  

S i l i c o n e  oil heat ing  ba ths  

f o r  the e x t r a c t i o n  s t u d i e s  on i r r a d i a t e d  polyethylene.  

Addit ional ly ,  the an t ioxidant  n-p-phenylnaphthylamine w i l l  be 

added t o  each so lvent  t o  r e t a rd  ox ida t ion  dur ing  e x t r a c t i o n .  

The amount added w i l l  be 0.1% an t iox idan t .  The so lven t s  

chosen a r e  l i s t e d  i n  Table 3. They have been se l ec t ed  

because of t h e i r  a v a i l a b i l i t y ,  h igh  b o i l i n g  p o i n t s  and supe r io r  

so lven t  p r o p e r t i e s ,  Addit ional ly ,  they have been se l ec t ed  

f o r  the i r  s p e c i f i c  solvent charac te r ,  i . e  , , po la r ,  s a t u r a t e d  

o r  unsaturated,  see Table 3. After e x t r a c t i o n  E a n d p  w i l l  

be determined . 
Table 3 

Solvents  Chosen f o r  Ex t r ac t ion  Program 

e 
Solvent  (OC . ) Type* 

Xylene 140 
Butyr ic  a c i d  163 5 
Dimethyl su l foxide  189 
Dimethyl formamide 
Deca l i n  ( deca hydronapht halene ) 19 .6 

207 . 2 T e t r a l i n  (1-2-3-4 te t rahydro-  

Dichloro benzene (or tho)  

152 

naphthalene ) 
180 - 1.83 

us 
s-P 
P 
P 
us 
S 
us-P 

* 
US - unsa tura ted  

S - s a t u r a t e d  
P - p o l a r  
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5. E/’ Optimization. An attempt will be =ads 

t o  o b t a i n  the h ighes t  E/P using a combination of e x t r a c t i o n  

and swel l ing  techniques.  The procedure w i l l  depend on the 

above-l is ted rjtudles (1, t o  4,). 

A t  f i r s t  t h e  ma te r i a l  w i l l  be given a m i l d  dose of  

i r r a d i a t i o n ,  it then w i l l  be ex t r ac t ed  t o  a low dens i ty .  

It w i l l  consequently be swollen t o  a d e n s i t y  less than i t s  

o r i g i n a l  value and then f i n a l l y  i r r a d i a t e d .  T h i s  second 

i r r a d i a t i o n  should increase  E both above i t s  i n i t i a l  and 

in te rmedia te  value. Since E has been increased o v e r a l l  and 

p decreased o v e r a l l  there  should be a n e t  ga in  i n  E/f . 

-18- 



7.0 FILM THICKNESS 

7.1 Theore t i c a l  Equation 

A l i t e r a t u r e  search and c a l c u l a t i o n s  have been 

undertaken t o  determine the th ickness  of  f i l m  necessary 

t o  cons t ruc t  a 425-foot diameter sphere ab le  t o  withstand 

a buckl ing pressure  of f ive- t imes the s o l a r  pressure  

= 1.3 x 10-9 p s i ) .  Equations have been formed r e l a t i n g  
a 

( p s  
c r i t i c a l  buckl ing pressure  ( Per) wi th  s h e l l  th ickness  ( t )  

a 

p = 2Et 
c r  

R ( 1 -  i, 2, 

where E = Young’s modulus 
y = P o i s s o n f s  r a t i o  

t2 - ’ *->o 
R2 

i, ‘‘)*Rj I P  c r  ,J I 1-0 
o r  t = [3(1- - 

2E 

9 --a\ where E = 10x103 
P = 5ii .3 x IU J )  c r  

R = 2550 i n .  
v = 0.5 

1-8 = 0.10 where 0 i s  t h e  f r a c t i o n  o f  open a rea  
t = 0.35 m i l  

Theory of  E l a s t i c  S t a b i l i t y ,  2nd Ed., Timoshenko and Gere, 
pp. 512-519, Buckling o f  Uniformly Compressed Spher ica l  S h e l l s .  
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But they  y i e l d  low values  when t h e  th ickness  (t) t o  radius ( R )  

r a t i o  i s  less than loo3. Summaries o f  the inaccuracy o f  

us ing  t h e o r e t i c a l  buckling pressure  equat ions f o r  l a r g e  t h i n  

she l led  spheres a r e  given i n  Theory of  E l a s t i c  S t a b i l i t y  and 

Formulas f o r  S t r e s s  and S t r a i n .  They a r e ,  r e spec t ive ly ,  a s  

follows: 

"Experiments w i t h  t h i n  s p h e r i c a l  she l l s  subjected 
t o  uniform ex te rna l  pressure  show t h z t  buckling 
occurs  a t  p ressures  much smal le r  than  t h a t  i v  n 
by ( t h e  equation above) . . . b e e  Footnote (afi."' 

"Because of t h e  g r e a t e r  l ike l ihood of s e r i o u s  
geometr ical  i r r e g u l a r i t i e s ,  and t h e i r  g r e a t e r  
r e l a t i v e  e f f e c t ,  the c r i t i c a l  stresses a c t u a l l y  
developed by such members usua l ly  f a l l  s h o r t  
of t he  t h e o r e t i c a l  values  by a wider  margin 
than  i n  the case of  bars . .  . . . . The c r i t i c a l  
s t r e s s e s  o r  loads ind ica t ed  by any one of the 
t h e o r e t i c a l  formulas should, t he re fo re ,  be 
regarded a s  an  upper l i m i t ,  approached more 
or l e s s  c l o s e l y  according t o  the c loseness  w i t h  
which t h e  a c t u a l  shape of the member approximates 
the geometrical  form assumed.. . . . I t  

Rourk a d d i t i o n a l l y  s ta tes  t h a t  t h i s  discrepancy 
C 

cont inues  t o  inc rease  wi th  t h e  th inness  of t h e  ma te r i a l .  

7.2 Empirical  Equation 

An empir ica l  approacn based on der ivat ions 5.2 

Engineering Dy namicsd 

Kellere and s t a t e d  (with an empir ica l  form f a c t o r )  i n  t h e  

f i n a l  r e p o r t  o f  Development of an I n f l a t a b l e  R ig id i z lng  

S a t e l l i t e  by t h e  GOT. Schjeldahl  Co. is presented below: 

and a paper by Reiss, Greenberg and 

f 

"Theom of E l a s t i c  S t a b i l i t y ,  2nd Ed. Timoshenko and Gere,p.518. 

CFormulas f o r  Stress and S t r a in ,  3rd Ed. Raymond J. Rourk,p,303, 

dEnpineering Dynamics, Vol .  11, E l a s t i c  Problems o f  S ingle  

eNon-Linear Deflect ions of Shallow Spher ica l  She l l s ,  

r F i n a l  Report, NAS-51190, p .  4-25. 

Machine Elements, C.B. Bi'ezeno and R. Grammel, pp. 484-496. 

E,L, Reiss, H.L. Greenberg and H.B. Keller, Journal of  the 
Aeronaut ical  Sciences, Vo l .  24, #7, pp.533-543, July 1957. 
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E pt3 P =  

where 33 = 
t =  
R =  
E =  
e =  

P =  
R =  

r =  

u r  
r2R33 ( 1-6) 

e111p~~ ---*-*-- ’  AuaA AUA..*  em- --- Panfnv  1 - -  f n r  t h i n  per fora ted  f i lms 
f i l m  th ickness  
r ad ius  of sphere 
modulus of E l a s t i c i t y  
f r a c t i o n  of open area  

4 0.093( 2 + 11.5) - 0.94 

S u b s t i t u t i n g  i n t o  equat ion (1) and so lv ing  f o r  t: 

Fur ther  s u b s t i t u t i n g  t h e  numerical values  given 

below i n t o  equat ion  ( 2 )  

R = 2550 i n .  
E = i o  x 103 
0 = 0.90 

%r-- - 5i i .3  x IU 

K Z  = 0.93 (given i n  the Reiss  A r t i c l e )  
f) = 25.8 (given i n  t h e  Reiss A r t i c l e )  

The r e s u l t  obtained f o r  t i s  0.0136 i n .  o r  

vn-9 - - a  \ 
p a A l  

1 

13.6 m i l s .  Th i s  method of‘ a t t a c k  i s  only meant t o  f i n d  an 

approximate value f o r  t h e  f i l m  th ickness .  The r e s u l t  i s  

based on a c e n t r a l l y  loaded supported sphe r i ca l  cap s e c t i o n  

compared to a uniformly compressed unsupported sphere . 
Addi t iona l ly ,  t h e  constant 33 i s  based on an aluminum 
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polypropylene system r a t h e r  than a copper poiyetiiylene a y a t e x  . 
Proposed Experimental Procedure 

I n  l i g h t  of t h e  u n c e r t a i n t i e s  of  the above two 
7.3 -7 

approaches, i t  i s  proposed t h a t  an experimental  method be 

used. The f l e x u r a l  r i g i d i t y  

G = E1 
i s  p ropor t iona l  t o  E t  3 . 
A cor rec t ion  f a c t o r  f o r  equat ion (1) i s  then 

suggested: 

K ( t , 8 )  = (E1)completed ma te r i a l  

(**)base ma te r i a l  

i s  found experimental ly  If (E1)completed m a t e r i a l  
a s  a func t ion  of  th ickness  and open area ,  t h e  th ickness  of 

f i l m  requi red  t o  withstand a buckling pressure  o f  f ive-times 

s o l a r  pressure  f o r  a given open a rea  would be found by 

so lv ing  t h e  fol lowing equation by t r i a l  and e r r o r :  

( 3 )  
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8.0 IRRADIATED SEA SPACE POL YET^^^^^ 2IUG 

The e f f e c t s  of  i r r a d i a t i o n  and hea t  t reatment  on 

u l t r a  t h i n  (0.15 mil)  Sea Space polyethylene f i l m  were e s t ab l i shed .  

Samples of 0.15 m i l  polyethylene f i l m  were machine i r r a d i a t e d  

to 15 Mrads. 

f o r  16.3 hrs. To determine the e f f e c t s  of ox ida t ion  some 

samples were hea t  t r e a t e d  i n  a i r  and some i n  n i t rogen .  After 

The m a t e r i a l  was then hea t  t r e a t e d  a t  105°C. 

hea t  t reatment  t e n s i l e  and shrinkage tes t s  were performed. 

8.1 Tens i l e  Tes t  R e s u l t s  

The r e s u l t s  o f  the  t e n s i l e  tes ts  a r e  presented 

i n  Table 4. 

Tab le  4 

Tens i l e  P rope r t i e s  o f  Sea Space O,l5 M i l  I r r a d i a t e d  
Polyethylene Film 

I r r a d i a t i o n  Dose: 15 Mrads 
Heat Treatment Temperature: 1 0 5 O C .  
Time: 16.3 hrs. 

Ultimate s t r e n g t h  coincident  w i t h  y i e l d  s t r e n g t h  * 

Comparing these  r e s u l t s  w i t h  t he  results o f  Table I V  

o f  the June-August 1965 Quar te r ly  Report, R A I  356, it can be 

seen t h a t  15 Mrads of i r r a d i a t i o n  lowers the s t r e n g t h  a s l i g h t  

amount and decreases  the percent  e longat ion .  It can a l s o  be 

seen t h a t  the e f f e c t  of an a i r  atmosphere i n  hea t  t r e a t i n g  

degrades t h e  polyethylene s l i g h t l y .  
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8.2 Shrinkage T e s t  Resul t s  

A c i r c l e  o f  i r r a d i a t e d  t h i n  f i l m  having a r a d i u s  

of  5.8 cm. was he25 t r e a t e d  a t  1 0 5 O C .  f o r  16.3 hrs .  i n  a n  

unres t ra ined  condi t ion.  The t e s t  was performed i n  both a i r  

and n i t rogen .  The d i s t a n c e  from the cen te r  of the c i r c l e  

t o  the per imeter  of the c i r c l e  was measured a f t e r  hea t  

t r e a t i n g  a t  d i f f e r e n t  included angles  between d i r e c t i o n  of 

measurement and the ex t rus ion  d i r e c t i o n .  The r a t i o  of new 

dimension t o  the i n i t i a l  r ad ius  r/ro was then  p l o t t e d  a s  

a func t ion  of the included angle between measured r ad ius  

and the ex t rus ion  d i r e c t i o n .  The r e s u l t s  a r e  presented 

i n  Figure 9. It can be seen t h a t  the maxfmum r a d i a l  shrinkage, 

l - ~ / ~ ~ ,  occurs  at 0 and 180 degrees,  i . e . ,  the  d i r e c t i o n  

o f  ex t rus ion ,  where r/ro i s  a minimum. 

shrinkage observed i s  only  about 78. I n  genera l ,  the  shrinkage 

o f  the i r r a d i a t e d  f i l m  i s  l e s s  than  t h a t  of  the un i r r ad ia t ed  

f i l m  a s  can be seen by comparing Figure 9 with  Figure 10 

i n  the June-August 1965 Quar te r ly  Report ,  R A I  356. 

The maximum r a d i a l  
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APPENDIX 

Er ra t a  t o  Quarter ly  Report, RAI 356, June-August, 1965. 

A l l  stress values listeii in Ta5le.s 11, 111 G Z ~  IT.' 

and Figures  1, 2, 7 and 8 should be twice the l i s t e d  values.  
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