
NASA Technical Memorandum 10082 1 
AIAA-88-2475 

Mast Material Test Program 
(MAMATEP) 

Michael L. Ciancone and Sharon K. Rutledge 
Lewis Research Center 
Cleveland, Ohio 

__ - 

(NASA-TH-100821) HAST MATERIAL TEST PBdGBA11 N88- 19592 
(flA8ATEP) (NASA) 13 p CSCL l l r ,  

U n c l a s  
G3/24 0130096 

Prepared for 
Issues of the International Space Station 
sponsored by the American Institute of  Aeronautics and Astronautics 
Williamsburg, Virginia, April 21-22, 1988 

https://ntrs.nasa.gov/search.jsp?R=19880010208 2020-03-20T07:56:57+00:00Z



MAST MATERIAL TEST PROGRAM (MAMATEP) 

M i c h a e l  L. C iancone and Sharon K .  R u t l e d g e  
N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  

Lewis  Research C e n t e r  
C l e v e l a n d ,  O h i o  44135 

Mast  m a t e r i a l  samples were e v a l u a t e d  i n  te rms of mass and b e n d i n g  modulus,  
measured b e f o r e  and a f t e r  e n v i r o n m e n t a l  exposure .  T e s t  env i ronmen ts  i n c l u d e d  
a tomic-oxygen exposure  ( R F  p lasma a s h e r ) ,  t h e r m a l  c y c l i n g ,  and mechan ica l  f l e x -  
i n g .  P r o t e c t i v e  c o a t i n g s  i n c l u d e d  CV-1144 s i l i c o n e  (McGHAN NuSIL) ,  a N i / A u / I n S n  

SUMMARY 

I 

T h i s  paper  d i s c u s s e s  t h e  Mast  M a t e r i a l  T e s t  Program (MAMATEP) a t  NASA 
Lewis  Research C e n t e r  (NASA L e w i s ) .  The o b j e c t i v e s  o f  MAMATEP i r l c l u d e  v e r i -  
f y i n g  t h e  need f o r ,  and e v a l u a t i n g  t h e  per formance of ,  v a r i o u s  p r o t e c t i o n  
t e c h n i q u e s  for t h e  S o l a r  A r r a y  Assembly mast  of t h e  Space S t a t i o n  P h o t o v o l t a i c  
Power Module.  
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R e s u l t s  i n d i c a t e  t h a t  u n p r o t e c t e d  samples degrade i n  an a t o m i c  oxygen 
env i ronmen t  a t  a s t e a d y  r a t e .  Open-weave, A1  b r a i d  o f f e r s  l i t t l e  p r o t e c t i o n  
f o r  t h e  f i b e r g l a s s - e p o x y  sample i n  an asher  e n v i r o n m e n t .  CV-1144 s i l i c o n e  
o f f e r s  some i n i t i a l  p r o t e c t i o n  i n  an asher  e n v i r o n m e n t .  N i / A u / I n S n  e u t e c t i c  
o f f e r s  e x c e l l e n t  p r o t e c t i o n  i n  an asher  e n v i r o n m e n t  p r i o r  t o  t h e r m a l  c y c l i n g  
and mechan ica l  f l e x i n g .  

L o n g - d u r a t i o n  asher  r e s u l t s  from u n p r o t e c t e d  samples i n d i c a t e  t h a t ,  even 
though t h e  f i b e r g l a s s - e p o x y  degrades ,  a p r o t e c t i o n  t e c h n i q u e  may n o t  be neces- 
s a r y  t o  ensure  s t r u c t u r a l  i n t e g r i t y .  However, a p r o t e c t i o n  t e c h n i q u e  may be 
d e s i r a b l e  to  l i m i t  or c o n t a i n  t h e  amount o f  d e b r i s  g e n e r a t e d  by  t h e  d e g r a d a t i o n  
o f  t h e  f i b e r g l a s s - e p o x y .  

INTRODUCTION 

NASA Lew is  Research C e n t e r  i s  r e s p o n s i b l e  for  t h e  Space S t a t i o n  e l e c t r i c a l  
power sys tem (Work Package 4 ) .  The ma jo r  hardware  e lemen ts  o f  t h e  e l e c t r i c a l  
power sys tem a r e  t h e  s o l a r  dynamic power modu le ,  t h e  power management and d i s -  
t r i b u t i o n  system, and t h e  p h o t o v o l t a i c  ( P V )  power module ( r e f s .  1 t o  3). 

Each PV power module,  wh ich  w i l l  s u p p l y  power t o  t h e  space s t a t i o n ,  
i n c l u d e s  an e n e r g y  s t o r a g e  system, a the rma l  c o n t r o l  system, and two s o l a r  
a r r a y  a s s e m b l i e s .  F i g u r e  1 i l l u s t r a t e s  t h e  l o c a t i o n  o f  t h e  s o l a r  a r r a y  assem- 
b l y  ( S A A )  mast  w i t h i n  t h e  Work Package 4 o r g a n i z a t i o n .  Each S A A ,  d e p i c t e d  i n  
f i g u r e  2 ,  i s , c o m p o s e d  o f  two s o l a r  a r r a y  b l a n k e t s ,  two b l a n k e t  boxes ,  and a 
mast  and a s s o c i a t e d  dep loyment  c a n i s t e r .  The concep t  of a f l e x i b l e  SAA 
dep loyed  u s i n g  a c o n t i n u o u s - l o n g e r o n  mast was demons t ra ted  by  t h e  OAST-1 exper -  
imen t  ( a l s o  known as t h e  S o l a r  A r r a y  F l i g h t  Exper imen t  ( S A F E ) )  f l o w n  aboard  
S T S  41-D i n  September 1984 ( r e f .  4 ) .  A more d e t a i l e d  d e s c r i p t i o n  o f  t h e  Space 
S t a t i o n  SAA d e s i g n  can be found i n  r e f e r e n c e  5 .  



I 

f i g u r e  3 i l l u s t r a t e s  s a l i e n t  f e a t u r e s  o f  t h e  SAA mast .  The mast  i s  used 
f o r  t h e  o n - o r b i t  dep loyment  o f  t h e  SAA b l a n k e t s  from t h e  b l a n k e t  boxes .  
a d d i t i o n ,  i t  p r o v i d e s  s t r u c t u r a l  s u p p o r t  t o  t h e  ex tended b l a n k e t  p a i r .  Three 
f i b e r g l a s s - e p o x y  s t r u c t u r a l  e lemen ts  ( l o n g e r o n s ) ,  t h a t  r u n  t h e  l e n g t h  o f  t h e  
mast ,  p r o v i d e  a h i g h  s t i f f n e s s - t o - m a s s  r a t i o  and enab le  t h e  mast  t o  be com- 
p a c t l y  s t o r e d  i n  t h e  dep loyment  c a n i s t e r .  The longerons  p r o v i d e  b e n d i n g  s t i f f -  
ness and s t r e n g t h  t o  t h e  mast .  F i b e r g l a s s - e p o x y  b a t t e n s  and s t a i n l e s s  s t e e l  
( a i r c r a f t  c a b l e )  d i a g o n a l s  a r e  l o c a t e d  a t  r e g u l a r  i n t e r v a l s  a l o n g  t h e  l e n g t h  o f  
t h e  mas t .  They p r o v i d e  shear  and t o r s i o n a l  s t i f f n e s s  and s t r e n g t h  t o  t h e  mast .  

I n  

S ince  most o r g a n i c s  and some m e t a l s  degrade i n  an a tomic-oxygen (AO)  e n v i -  
ronment  ( r e f .  6 > ,  a c o n s i d e r a b l e  amount of e f fo r t  has gone i n t o  t h e  development  
of a v i a b l e  means fo r  p r o t e c t i n g  t h e  Kapton(R)  s u b s t r a t e  used i n  t h e  c o n s t r u c -  
t i o n  o f  t h e  SAA b l a n k e t s  ( r e f .  7 ) .  The Mast  M a t e r i a l  T e s t  Program (MAMATEP) 
complements t h i s  e f f o r t  by  i n v e s t i g a t i n g  t h e  need f o r  p r o t e c t i n g  t h e  
f i b e r g l a s s - e p o x y  e lemen ts  o f  t h e  SAA mast  s t r u c t u r e  i n  t h e  l ow-Ear th  o r b i t a l  
(LEO)  e n v i r o n m e n t .  

The o b j e c t i v e s  of MAMATEP a r e  t o  a s c e r t a i n  t h e  need for p r o t e c t i n g  t h e  
mast  m a t e r i a l ,  and t o  i d e n t i f y  and e v a l u a t e  v i a b l e  mast m a t e r i a l  p r o t e c t i o n  
t e c h n i q u e s .  Coated  and uncoa ted  samples a r e  s u b j e c t e d  t o  an e n v i r o n m e n t a l  
t e s t i n g  sequence and e v a l u a t e d ,  be fo re  and a f t e r  t e s t i n g ,  i n  te rms  o f  mass and 
b e n d i n g  modulus.  

The r e q u i r e m e n t s  f o r  t h e  mast  p r o t e c t i o n  m a t e r i a l  a r e ,  i n  g e n e r a l ,  t y p i c a l  
of r e q u i r e m e n t s  fo r  o t h e r  Space S t a t i o n  m a t e r i a l s .  The m a t e r i a l  must  be dura-  
b l e  i n  t h e  LEO e n v i r o n m e n t ,  wh ich  i n c l u d e s  AO, u l t r a - v i o l e t  ( u v )  r a d i a t i o n ,  
m i c r o m e t e o r o i d s ,  d e b r i s ,  and t h e r m a l  c y c l i n g  ( r e f .  8 ) .  However, because t h e  
mast  i s  a f l e x i n g  e lemen t ,  a p r o t e c t i v e  c o a t i n g  a p p l i c a b l e  t o  r i g i d  s t r u c t u r e s  
may n o t  be a p p r o p r i a t e  for p r o t e c t i n g  t h e  mast  m a t e r i a l ,  as t h e  p r o t e c t i v e  
c o a t i n g  may be u n a b l e  t o  w i t h s t a n d  t h e  h i g h - s t r a i n  env i ronmen t  a s s o c i a t e d  w i t h  
mast  dep loyment  and r e t r a c t i o n .  

SAMPLE D E S C R I P T I O N S  

The mast  m a t e r i a l  e v a l u a t e d  was S2-g lass lepoxy .  The epoxy c o n t e n t  o f  each 
sample was r e p o r t e d  t o  be 19 t o  22 p e r c e n t  by  vo lume.  Three t y p e s  of uncoated  
t e s t  samples, i l l u s t r a t e d  i n  f i g u r e  4 ,  were used: 

Type I - R e c t a n g u l a r  c r o s s - s e c t i o n  ( 0 . 2 1  by  0.41 i n . )  p roduced  by  AEC-Able 
E n g i n e e r i n g  Co. u s i n g  a p r e - p r e g  r o v i n g .  

Type I1  - Square c r o s s - s e c t i o n  ( 0 . 2 5  b y  0.25 i n . )  p roduced by  AEC-Able 
E n g i n e e r i n g  Co. u s i n g  a p r e - p r e g  r o v i n g .  
s u r f a c e  t o  i m p a r t  an a x i a l  r a d i u s - o f - c u r v a t u r e  o f  20 i n .  

Sample was formed o v e r  a mandre l  

Type 111 - Quasi -squar 'e  c r o s s - s e c t i o n  ( 0 . 2 5  by 0 . 2 9  i n .  w i t h  c o r n e r s  
rounded t o  a r a d i u s - o f - c u r v a t u r e  of 0.1 i n . )  p r o t r u d e d  b y  A i r l o g i s t i c s .  

Each o f  t h e  samples was a b o u t  5 i n .  l o n g .  T h i s  l e n g t h  was s e l e c t e d  
because i t  was l o n g  enough f o r  f l e x i n g  and o b t a i n i n g  bend ing  modulus measure- 
ments,  and s h o r t  enough t o  f i t  i n  t h e  a i r - p l a s m a  a s h e r .  



The t y p e  of epoxy used i n  t h e  p r o d u c t i o n  o f  each sample t y p e  v a r i e d .  How- 
e v e r ,  e a r l y  t e s t  r e s u l t s  i n d i c a t e d  t h a t  t h e r e  was l i t t l e  v a r i a t i o n  i n  t h e  
s t e a d y - s t a t e  d e g r a d a t i o n  r a t e  among t h e  sample t y p e s .  

F i g u r e  4 i n c l u d e s  samples t h a t  were p r o t e c t e d  w i t h  t h e  f o l l o w i n g  m a t e r i -  
a l s :  Open-weave A 1  b r a i d  (AEC-Able E n g i n e e r i n g  Co.), N i / A u / I n S n  e u t e c t i c  (Com- 
p o s i t e  O p t i c s ,  I n c . ) ,  and CV-1144 s i l i c o n e  (McGHAN NuSIL) .  

These c o a t i n g s  were s e l e c t e d  f o r  e v a l u a t i o n  based on  t h e i r  a v a i l a b i l i t y  
and p o t e n t i a l  d u r a b i l i t y  i n  t h e  l o w - E a r t h  o r b i t a l  e n v i r o n m e n t .  

The A 1  b r a i d  concep t  was deve loped  b y  AEC-Able E n g i n e e r i n g  t o  p r o v i d e  a 
c o n d u c t i v e  p a t h  a l o n g  t h e  l e n g t h  of a d e p l o y a b l e ,  c o n t i n u o u s - l o n g e r o n  mast .  
The A1  f i b e r s  o f  t h e  b r a i d  a r e  woven around t h e  l o n g e r o n  a f t e r  t h e  r o l l e r - l u g  
assemb l ies  have been bonded i n t o  p l a c e  on  t h e  l o n g e r o n .  

The Compos i te  O p t i c s  e u t e c t i c  m a t e r i a l  was deve loped  fo r  a p p l i c a t i o n  t o  
d i m e n s i o n a l l y - s t a b l e  space s t r u c t u r e s .  I t  c o n s i s t s  o f  a p l a t i n g  p r i m e r  
( 0 . 5  m i l s ) ,  a p l a t e d  l a y e r  of e l e c t r o l e s s  n i c k e l  ( 0 . 3  m i l s ) ,  an immers ion  c o a t -  
i n g  o f  g o l d ,  and a t o p  l a y e r  of i n d i u m - t i n  50-50 e u t e c t i c  ( I n d a l l o y ) .  T h i s  
c o m b i n a t i o n  o f  m a t e r i a l s ,  when a p p l i e d  t o  r i g i d  space s t r u c t u r e s ,  p r o v i d e s  s t a -  
b i l i t y  b y  m i n i m i z i n g  o u t g a s s i n g  o f  t h e  p r o t e c t e d  s u b s t r a t e  w h i l e  m a i n t a i n i n g  a 
low coefficient-of-thermal-expansion ( C T E ) .  

CV-1144 i s  a s i l i c o n e  des igned  f o r  a p p l i c a t i o n s  r e q u i r i n g  l o w - o u t g a s s i n g  
and low v o l a t i l e  condensab les  under  ex t reme o p e r a t i n g  c o n d i t i o n s .  I t  has t h e  
d e s i r a b l e  c h a r a c t e r i s t i c s  of i n i t i a l  f l e x i b i l i t y  and ease o f  a p p l i c a t i o n .  

TEST PROGRAM 

Long-Dura t i on  Ash ing  

I n  o r d e r  t o  a s c e r t a i n  t h e  need f o r  a mast  m a t e r i a l  p r o t e c t i v e  c o a t i n g ,  two 
t y p e - I 1 1  samples were exposed f o r  1747 h r  i n  a 13.56 MHz RF a i r - p l a s m a  a s h e r .  
T h i s  was done t o  d e t e r m i n e  i f  t h e  a n t i c i p a t e d  r a t e  of epoxy loss ,  due t o  A0 
degradation. would decrease o n c e  m o s t  o f  the epoxy was removed f r o m  the surface 
o f  t h e  sample.  

The mass o f  t h e  samples was measured p e r i o d i c a l l y  d u r i n g  t h e  cou rse  o f  t h e  
l o n g - d u r a t i o n  t e s t .  A pos t -exposure  b e n d i n g  modulus measurement was made and 
compared w i t h  t h e  b a s e l i n e  bend ing  modulus v a l u e  o b t a i n e d  from 20 unexposed 
samples from t h e  same p r o d u c t i o n  b a t c h .  

E v a l u a t i o n  o f  P r o t e c t i o n  Techniques 

F i g u r e  5 o u t l i n e s  t h e  t y p i c a l  t e s t  sequence f o r  e v a u l a t i n g  sample p ro -  
t e c t i o n  t e c h n i q u e s .  

Task I - D e h y d r a t i o n  and r e h y d r a t i o n .  - Task I i n v o l v e d  t h e  d e h y d r a t i o n  
and r e h y d r a t i o n  o f  b o t h  p r o t e c t e d  and u n p r o t e c t e d  f i b e r g l a s s - e p o x y  samples.  
The pu rpose  o f  t h i s  t a s k  was t o  e s t a b l i s h  a b a s e l i n e  mass t h a t  c o u l d  be d u p l i -  
c a t e d  f o r  pu rposes  o f  a c c u r a t e  mass loss d e t e r m i n a t i o n s  d u r i n g  t a s k  11. Many 



m a t e r i a l s  abso rb  w a t e r  from t h e  atmosphere.  
depends g r e a t l y  on  t h e  e n v i r o n m e n t a l  h u m i d i t y .  I f  a m a t e r i a l  can be f u l l y  
dehydra ted  and t h e n  weighed,  t h e  e r r o r  due t o  w a t e r  u p t a k e  can be e l i m i n a t e d .  
I t  i s  n o t  a lways  p o s s i b l e  t o  p e r f o r m  i n - s i t u  mass measurements, so an a c c u r a t e  
d e t e r m i n a t i o n  o f  t h e  t i m e  needed t o  d e h y d r a t e  a p a r t i c u l a r  sample, and how 
q u i c k l y  i t  absorbs  w a t e r  upon removal  from vacuum, i s  needed. 

The amount o f  wa te r  absorbed 

D e h y d r a t i o n  was p e r f o r m e d  i n  t h e  q u a r t z  vacuum chamber o f  an a i r - p l a s m a  
a s h e r .  
Samples were weighed be fo re  b e i n g  p l a c e d  under  vacuum and a t  s e l e c t e d  t i m e  
i n t e r v a l s  t h e r e a f t e r .  To we igh  t h e  samples, t h e y  were q u i c k l y  removed from 
vacuum, weighed,  and r e t u r n e d  ( w i t h i n  3 m in  o f  remova l  from vacuum). Dehydra- 
t i o n  g e n e r a l l y  o c c u r r e d  i n  a p p r o x i m a t e l y  5 days f o r  most samples.  To de te rm ine  
t h e  r e h y d r a t i o n  r a t e .  samples w e r e  removed from vacuum and p e r i o d i c a l l y  weiqhed 

T y p i c a l  p r e s s u r e  r e a d i n g s  d u r i n g  d e h y d r a t i o n  ranged  form 30 t o  70 pm. 

t o  d e t e h i n e  t h e  r a t e  o f  r e h y d r a t  
from vacuum fo r  5 m i n  w i t h  min ima 
sen ted  i n  r e f e r e n c e  9 .  

Task I 1  - A i r -p lasma a s h i n g .  
a tomic-oxygen env i ronmen t  c r e a t e d  
a p lasma asher  ( S P I  Plasma Prep  I 
t e s t i n g  ranged  from 50 t o  120 pm. 

on.  I n  g e n e r a l ,  samples c o u l d  be removed- 
mass e r r o r .  More d e t a i l e d  r e s u l t s  a r e  p r e -  

- Task I 1  i n v o l v e d  e x p o s i n g  samples t o  an 
by t h e  RF d i s s o c i a t i o n  of a i r  a t  13.56 MHz i n  
> .  T y p i c a l  p r e s s u r e s  i n  t h e  asher  d u r i n g  
A l t h o u q h  t h e  oxygen i n  t h e  Dlasma i s  a t  v a r -  

i o u s  l e v e l s  o f  i o n i z a t i o n ,  and has a lowe; ene rgy  and a h i g h e r ' f l u x  t h a n  t h a t  
wh ich  o c c u r s  i n  l o w - E a r t h  o r b i t ,  t h e  asher  i s  a good q u a l i t a t i v e  measure o f  
m a t e r i a l  d u r a b i l i t y .  P a s t  e x p e r i e n c e  has i n d i c a t e d  t h a t  m a t e r i a l s  s u r v i v i n g  
asher  exposure  w i l l  l i k e l y  a l s o  s u r v i v e  exposure  i n  l o w - E a r t h  o r b i t .  

Task I11 - Thermal c y c l i n g .  - Task I11 i n v o l v e d  t h e r m a l  c y c l i n g  t h e  sam- 
D l e s  t o  d e t e r m i n e  i f  t h e  v a r i a t i o n  i n  t e m p e r a t u r e  t h a t  w i l l  o c c u r  o n - o r b i t  (as  
t h e  Space S t a t i o n  moves from s u n l i g h t  i n t o  t h e  shadow of t h e  E a r t h  and back 
a g a i n  e v e r y  96 m i n )  w i l l  p r o v e  d e t r i m e n t a l  t o  t h e  mast  m a t e r i a l  p r o t e c t i o n  
t e c h n i q u e s .  F a i l u r e  c o u l d  o c c u r  i n  t h e  form o f  c r a c k i n g  due t o  the rma l  expan- 
s i o n  d i f f e r e n c e s ,  or  a loss i n  adhes lon  o f  t h e  c o a t i n g ,  e i t h e r  o f  wh ich  wou ld  
a l l o w  a tomic-oxygen t o  r e a c h  t h e  u n d e r l y i n g  f i b e r g l a s s - e p o x y .  

Thermal c y c l i n g  was p e r f o r m e d  i n  a n i t r o g e n  e n v i r o n m e n t  a t  a tmospher i c  
p r e s s u r e .  Samples were c y c l e d  between a chamber f i l l e d  w i t h  c o l d  n i t r o g e n  gas 
and a chamber w i t h  h e a t i n g  c o i l s .  A thermocoup le  embedded i n  t h e  c e n t e r  o f  one 
sample was used t o  d e t e r m i n e  t h e  sample t e m p e r a t u r e  so t h a t  when t h e  d e s i r e d  
t e m p e r a t u r e  had been a c h i e v e d ,  t h e  samples c o u l d  be c y c l e d  i n t o  t h e  o t h e r  cham- 
b e r .  Samples were c y c l e d  between 80 "C.  and -80 " C .  for 413 c y c l e s .  The sam- 
p l e s  t y p i c a l l y  spen t  an average o f  4 m in  i n  each chamber. 

Task I V  - Mechan ica l  f l e x i n g .  - Task I V  i n v o l v e d  f l e x i n g  t h e  samples t o  
s i m u l a t e  t h e  e x t e n s i o n  and r e t r a c t i o n  of t h e  mast  from t h e  c a n i s t e r .  T h i s  t e s t  
was pe r fo rmed  t o  d e t e r m i n e  i f  f l e x i n g  wou ld  i nduce  f a i l u r e  s i t e s  i n  t h e  p r o t e c -  
t i v e  c o a t i n g s .  T e s t i n g  was pe r fo rmed  by r e p e a t e d l y  (100 t i m e s )  bend ing  t h e  
samples, u s i n g  s t a i n l e s s  s t e e l  c l amp ing  f i x t u r e s ,  t o  t h e  r a d i u s - o f - c u r v a t u r e  
t h a t  l ongerons  wou ld  e x p e r i e n c e  w h i l e  stowed i n  t h e  c a n i s t e r .  T h i s  f l e x i n g  
r e s u l t e d  i n  a b e n d i n g  s t r a i n  o f  1 t o  1 .5  p e r c e n t  a t  t h e  edge o f  t h e  sample. 

Bend ing  Modulus Measurement. - Bend ing  modulus measurements were made o f  
each sample, b e f o r e  and a f t e r  t h e  t e s t  sequence, u s i n g  a 3 - p o i n t  bend t e s t  
(ASTM D 790-81) .  A l t h o u g h  t h e  3 - p o i n t  bend t e s t  t y p i c a l l y  r e s u l t s  i n  a low 
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e s t i m a t i o n  o f  modulus ( s i n c e  i t  n e g l e c t s  shear  d e f o r m a t i o n ) ,  i t  i s  a c c e p t a b l e  
f o r  o u r  pu rposes  s i n c e  we a r e  l o o k i n g  for changes i n  modu lus ,  r a t h e r  t h a n  an 
a c c u r a t e  modulus v a l u e .  The changes a r e  obse rved  d i r e c t l y  from t h e  s l o p e  o f  
t h e  l o a d - d e f l e c t i o n  c u r v e .  T h i s  s l o p e  v a l u e  i s  p r o p o r t i o n a l  t o  t h e  bend ing  
modulus ( E ) ,  and hence t o  t h e  b e n d i n g  s t i f f n e s s  (EI). Thus, a change i n  t h e  
s l o p e  v a l u e  wou ld  be r e p r e s e n t a t i v e  o f  a change i n  t h e  modulus and t h e  bend ing  
s t i f f n e s s .  Measurements were made i n  t h e  l i n e a r  p o r t i o n  o f  t h e  l o a d - d e f l e c t i o n  
c u r v e .  Samples t h a t  were t e s t e d  t o  f a i l u r e  i n d i c a t e d  t h a t  t h e  t y p i c a l  t e s t -  
l o a d  range  d i d  n o t  exceed 35 p e r c e n t  o f  t h e  l o a d  t o  f a i l u r e .  

RESULTS AND CONCLUSIONS 

Long-Dura t i on  Ash ing  

The f i r s t  o b j e c t i v e  was t o  a s c e r t a i n  t h e  need for p r o t e c t i n g  t h e  SAA mast  
m a t e r i a l  ( f i b e r g l a s s - e p o x y ) .  Two u n p r o t e c t e d  samples were s u b j e c t e d  t o  1747 h r  
i n  t h e  asher  e n v i r o n m e n t .  F i g u r e  6 i l l u s t r a t e s  b o t h  an ashed sample and an 
unashed c o n t r o l  sample.  

F i g u r e  7 i l l u s t r a t e s  t h e  s t a n d a r d i z e d  mass loss c u r v e s  for  t h e  two sam- 
p l e s .  Pos t -exposure  sample mass measurements i n d i c a t e d  a t o t a l  mass loss  o f  
about  2 p e r c e n t .  

F i g u r e  8 i l l u s t r a t e s  t h e  l o a d - d e f l e c t i o n  c u r v e s  f o r  a s i n g l e ,  l ong -  
d u r a t i o n  ashed sample, and t h e  average of 20 c o n t r o l  samples.  The ashed sam- 
p l e  was s u b j e c t e d  t o  t h e  l o a d  sequence a number of t i m e s  i n  o r d e r  t o  reduce 
t h e  measurement v a r i a n c e  s i n c e  o n l y  two samples were a v a i l a b l e .  The l a r g e r  
number o f  c o n t r o l  samples s u b j e c t e d  t o  t h e  l o a d  sequence reduced  t h e  sample- 
to -sample  v a r i a n c e .  The c o n t r o l  samples were t a k e n  from t h e  same b a t c h  as t h e  
ashed samples.  The r e s u l t s  i n d i c a t e d  t h a t  t h e  ashed sample l o s t  8 p e r c e n t  o f  
i t s  b e n d i n g  modu lus ,  r e l a t i v e  t o  t h e  c o n t r o l  samples.  

The asher  exposure  t i m e  o f  1747 h r  co r responds  t o  a b o u t  67  y e a r s  i n  LEO. 
Thus, t h e  loss of b e n d i n g  modulus,  when d e r a t e d  o v e r  t h e  15-year  d e s i g n  l i f e  o f  
t h e  SAA,  co r responds  t o  a loss o f  l e s s  t h a n  2 p e r c e n t .  Based on  t h e s e  r e s u l t s ,  
a p r o t e c t i o n  t e c h n i q u e  may n o t  be n e c e s s a r y  for  m a i n t a i n i n g  t h e  s t r u c t u r a l  
p r o p e r t i e s  o f  t h e  mas t .  However, a n o t h e r  f a c t o r  t h a t  needs t o  be c o n s i d e r e d  
b e f o r e  e l i m i n a t i n g  t h e  need f o r  a mast  p r o t e c t i v e  c o a t i n g  i s  t h e  p o t e n t i a l  f o r  
c o n t a m i n a t i o n  r e s u l t i n g  from t h e  d e b r i s  t h a t  may r e s u l t  from t h e  d e g r a d a t i o n  
o f  t h e  mast  m a t e r i a l .  A p r o t e c t i v e  c o a t i n g  fo r  t h e  mast  may h e l p  t o  c o n t a i n  
or  reduce  t h e  loss  o f  mast  m a t e r i a l ,  p a r t i c u l a r l y  g l a s s  f i b e r s .  

E v a l u a t i o n  o f  P r o t e c t i o n  Techn iques  

The second o b j e c t i v e  was t o  i d e n t i f y  and e v a l u a t e  p r o t e c t i o n  t e c h n i q u e s  
f o r  t h e  SAA mast  m a t e r i a l  ( f i b e r g l a s s - e p o x y ) .  Samples p r o t e c t e d  w i t h  an open- 
weave, A 1  b r a i d ;  CV-1144 s i l i c o n e ;  and,  N i / A u / I n S n  e u t e c t i c  w e r e  s u b j e c t e d  t o  
d e h y d r a t i o n ,  a i r - p l a s m a  a s h i n g ,  t h e r m a l  c y c l i n g ,  and mechan ica l  f l e x i n g .  

The open-weave, A 1  b r a i d  o f f e r e d  l i t t l e  p r o t e c t i o n  from t h e  asher  e n v i r o n -  
ment .  The CV-1144 s i l i c o n e  o f f e r e d  some i n i t i a l  p r o t e c t i o n  from t h e  asher  
e n v i r o n m e n t .  The N i / A u / I n S n  e u t e c t i c  o f f e r e d  t h e  b e s t  p r o t e c t i o n  d u r i n g  a i r -  



plasma a s h i n g ,  p r i o r  t o  t h e r m a l  c y c l i n g  and mechan ica l  f l e x i n g .  More d e t a i l e d  
t e s t  i n f o r m a t i o n  i s  p r o v i d e d  i n  r e f e r e n c e  9.  

Based on  t h e  r e s u l t s  from t h e  l o n g - d u r a t i o n  a s h i n g ,  a p r o t e c t i v e  c o a t i n g  
may n o t  be n e c e s s a r y  t o  ensure  s t r u c t u r a l  d u r a b i l i t y ,  b u t  i t  may be necessa ry  
t o  c o n t a i n  d e g r a d a t i o n  p r o d u c t s ,  such as g l a s s  f i b e r s .  T h e r e f o r e ,  t h e  c o a t i n g  
may n o t  need t o  p r e v e n t  epoxy  loss, so l o n g  as i t  c o n t a i n s  exposed g l a s s  
f i b e r s  and p r e v e n t s  them from s e p a r a t i n g  from t h e  mast  d u r i n g  mast  e x t e n s i o n /  
r e t r a c t i o n  or d u r i n g  h a n d l i n g .  
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FIGURE 1. - LOCATION OF MAST WITHIN WP-04 PROGRAM. 
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FIGURE 2. - SOLAR ARRAY ASSEMBLY. 

UI 
FIGURE 3. - DEPLOYABLE. CONTINUOUS-LONGERON MAST. 
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ORIGINAL PAGR IS 
OF POOR QUALITY 

FIGURE 4. - MAST MATERIAL SAMPLES (L TO R )  : UNCOATED (TYPE I 
TYPE 11, AND TYPE 111) AND COATED (AI BRAID, C O I  EUTECTIC, 
AND CV-1144 SILICONE). 
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FIGURE 5. - MAMATEP TEST SEQUENCE. 

FIGURE 6. - LONG DURATION ASHED SAMPLE (TOP) VERSUS CONTROL SAMPLE 
(BOTTOM). 
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FIGURE 8. - LOAD-DEFLECTION CURVES FOR LONG-DURATION 
ASHED AND CONTROL SAMPLES. 
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