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ABSTRACT 

E l e c t r i c  power g e n e r a t i o n  f o r  Space S t a t i o n  
Freedom w i l l  be  p r o v i d e d  b y  f o u r  p h o t o v o l t a i c  ( P V )  
power modules u s i n g  s i l i c o n  s o l a r  c e l l s  d u r i n g  
Phase I o p e r a t i o n .  Each PV power module r e q u i r e s  
two s o l a r  a r r a y s  w i t h  32 800 s o l a r  c e l l s  genera-  
t i n g  18.75 kW o f  dc  power f o r  a t o t a l  o f  75 kW. A 

hydrogen b a t t e r i e s  f o r  use d u r i n g  e c l i p s e ,  and t h e  

ac  power f o r  d i s t r i b u t i o n  t o  end u s e r s  t h r o u g h  t h e  
power management and d i s t r i b u t i o n  system. The 
d e s i g n  i n c o r p o r a t e s  an  o p t i m i z e d  the rma l  c o n t r o l  
system, p o i n t i n g  and t r a c k i n g  p r o v i s i o n  w i t h  t h e  
a p p l i c a t i o n  o f  g i m b a l s ,  and t h e  use o f  o r b i t a l  
rep lacemen t  u n i t s  (ORU's) t o  a c h i e v e  m o d u l a r i z a -  
t i o n .  

N p o r t i o n  o f  t h i s  power w i l l  be s t o r e d  i n  n i c k e l -  
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I b a l a n c e  w i l l  be  p rocessed  and c o n v e r t e d  t o  20 kHz 
W 

D e s i g n  s t a t u s  of t h e  PV power module,  as 
d e r i v e d  from m a j o r  t r a d e  s t u d i e s ,  i s  d i s c u s s e d  
a t  ha rdware  l e v e l s  r a n g i n g  from component t o  sys-  
tem. D e t a i l s  o f  t h e  d e s i g n  a r e  p r e s e n t e d  where 

'appropr ia te.  

INTRODUCTION 

Rockwe l l  I n t e r n a t i o n a l ,  t h r o u g h  i t s  s u b s i d i -  
a r y ,  Rocketdyne D i v i s i o n ,  i s  under  c o n t r a c t  t o  t h 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 / L e w i s  
Research C e n t e r  (NASA Lew is )  t o  d e s i g n  and b u i l d  as 
Work Package 4 t h e  e l e c t r i c  power sys tem (EPS) for 
t h e  S S F .  Work a s s o c i a t e d  w i t h  development  and p r o -  
d u c t i o n  o f  t h e  PV power modules i s  a s i g n i f i c a n t  
p o r t i o n  o f  t h i s  a c t i v i t y .  T h i s  paper  p r e s e n t s  an  
u p d a t e d  d e s i g n  s t a t u s  of t h e  PV power module as 
d e r i v e d  f rom m a j o r  t r a d e  s t u d i e s ,  w i t h  d i s c u s s i o n  
o f  ha rdware  l e v e l s  r a n g i n g  from component t o  
sys tem 111. i 

PV POWER MODULE HARDWARE DESCRIPTION 

The PV power module i s  shown i n  F i g .  1 .  I n  
b o t h  i t s  l a u n c h  packaged and f i n a l  o n - o r b i t  c o n f i g -  
u r a t i o n ,  t h e  PV power module i s  composed o f  t h r e e  
combined assemb l ies  made up of s e v e r a l  i n d i v i d u a l  
a s s e m b l i e s  a n d / o r  subsystems.  These combined 
a s s e m b l i e s  a r e  t h e  i n t e g r a t e d  equ ipmen t  assembly 
( I E A )  and two s o l a r  a r r a y l b e t a  g imba l  combined 
assemb l ies ,  w h i c h  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  

- s e c t  i ons . 

I n t e g r a t e d  Equipment Assembly 

c e n t  t o  t h e  bay t h a t  c o n t a i n s  t h e  two s o l a r  a r r a y /  
b e t a  g imba l  combined assemb l ies .  The I E A  p r o v i d e s  
t h e  s t r u c t u r a l  framework i n  t h e  form o f  a f l a t  
p l a t e  f o r  i n t e g r a t i n g  ORU's and o t h e r  hardware from 
v a r i o u s  i n d i v i d u a l  subsystems.  

The f i r s t  o f  t h e s e  subsystems i s  t h e  the rma l  
c o n t r o l  subsystem (TCS).  The p r i m a r y  f u n c t i o n  of 
t h e  TCS i s  t o  m a i n t a i n  a s a f e  o p e r a t i n g  tempera- 
t u r e  for a l l  I E A  ORU's b y  remov ing  waste h e a t  and 
r e j e c t i n g  i t  t o  space. The TCS i s  composed of 
h e a t - a c q u i s i t i o n  ha rdware  ( u t i l i t y  p l a t e s ) ,  con- 
d u i t s  for  the rma l  t r a n s p o r t ,  and a h e a t - r e j e c t i o n  
d e v i c e  ( r a d i a t o r ) .  Ammonia i s  t h e  w o r k i n g  f l u i d  
f o r  t h e  subsystem, and mechan ica l  pump ORU's a r e  
used t o  move t h e  f l u i d  t h r o u g h  t h e  c o n d u i t s  t o  t h e  
r a d i a t o r .  The u t i l i t y  p l a t e s  e s s e n t i a l l y  form t h e  
s h e l l  o f  t h e  I E A  s t r u c t u r a l  f ramework t o  wh ich  a l l  
t h e  ORU's a r e  mounted. I n  a d d i t i o n  t o  t h e  two TCS 
pump ORU's, u t i l i t y  p l a t e s  s u p p o r t  ORU's from t h e  
energy  s t o r a g e  subsystem (ESS) and e l e c t r i c a l  
equipment  subsystem (EES). 

The PV power module ESS c o n s i s t s  of f i v e  
n i c k e l - h y d r o g e n  b a t t e r i e s  and f i v e  b a t t e r y  c h a r g e /  
d i s c h a r g e  u n i t  ORU's. 
t h r e e  b a t t e r y  assembly ORU's w i t h  30  s e r i e s -  
connec ted  i n d i v i d u a l  p r e s s u r e  v e s s e l  n i c k e l -  
hyd rogen  c e l l s  o f  81-Ah c a p a c i t y  for  a t o t a l  of 90 
c e l l s  p e r  b a t t e r y .  The ESS fo r  each PV power mod- 
u l e  i s  t h u s  composed o f  20 t o t a l  ORU's. Each b a t -  
t e r y  and i t s  r e s p e c t i v e  c h a r g e / d i s c h a r g e  u n i t  a r e  
mounted to an i n d i v i d u a l  u t i l i t y  p l a t e  on t h e  I E A .  
The ESS a c c e p t s  n e a r l y  50 p e r c e n t  o f  t h e  power gen- 
e r a t e d  by  t h e  s o l a r  a r r a y s  d u r i n g  t h e  s u n l i g h t  p o r -  
t i o n  o f  t h e  o r b i t  t o  cha rge  t h e  n i c k e l - h y d r o g e n  
c e l l s .  These c e l l s  a r e  t h e n  d i s c h a r g e d  d u r i n g  t h e  
e c l i p s e  p o r t i o n  o f  t h e  o r b i t  i n  o r d e r  t o  p r o v i d e  
oower f o r  SSF. 

Each I E A  i s  l o c a t e d  w i t h i n  t h e  t r u s s  bay a d j a -  

Each b a t t e r y  c o n s i s t s  of 

The EES f o r  t h e  PV power module i s  composed 
o f  ha rdware  f r o m  b o t h  t h e  dc and ac p o r t i o n s  o f  t h e  
Power Management and D i s t r i b u t i o n  (PMAD) system. 
T h i s  ha rdware  c o n s i s t s  o f  ORU's t h a t  c o n t r o l ,  con- 
d i t i o n ,  and c o n v e r t  t h e  s o l a r  a r r a y  and b a t t e r y  
sou rce  power s u p p l i e d  t o  t h e  PMAD system. These 
i n c l u d e  two p h o t o v o l t a i c  c o n t r o l l e r s ,  two dc 
s w i t c h i n g  u n i t s  for  i n t e r c o n n e c t i o n  o f  a r r a y  and 
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b a t t e r y  source  power,  two main i n v e r t e r  u n i t s  t h a t  
c o n v e r t  dc t o  ac power,  two main bus s w i t c h i n g  
u n i t s ,  and two power d i s t r i b u t i o n  and c o n t r o l  
u n i t s  f o r  a t o t a l  o f  10 ORU's p e r  PV power module 
EES, a l l  mounted t o  u t i l i t y  p l a t e s  on  t h e  I E A .  A 
power f l o w  d i a g r a m  f o r  t h e  PV power module i s  
shown i n  F i g .  2 .  The r e s p o n s i b i l i t y  o f  c o n t r o l -  
l i n g ,  c o n d i t i o n i n g ,  and d e l i v e r i n g  t h e  r i g h t  
amount o f  power t o  t h e  end u s e r s ,  i n c l u d i n g  peak- 
i n g  and c o n t i n g e n c y ,  u l t i m a t e l y  r e s t s  w i t h  t h e  
PMAD system. 

S o l a r  A r r a y / B e t a  Gimbal Combined Assembl ies 

The s o l a r  a r r a y  assembly c o n s i s t s  o f  32 800 
s o l a r  c e l l s  p e r  PV power module for  a SSF t o t a l  o f  
262 400 c e l l s  t h a t  w i l l  be w i r e d  t o g e t h e r  i n  
s e r i e s - p a r a l l e l  g roups  t o  d e l i v e r  160 V dc power.  
T h i s  power o u t p u t  f r o m  t h e  s o l a r  a r r a y  f l o w s  
t h r o u g h  a s e q u e n t i a l  shunt  u n i t  ORU t o  the  I E A .  An 
e x t e n d a b l e  and r e t r a c t a b l e  mast s u p p o r t s  t h e  s o l a r  
a r r a y  assembly.  The mast i s  a t t a c h e d  t o  a s i n g l e -  
a x i s  b e t a  g imba l  assembly,  wh ich  i n  c o n j u n c t i o n  
w i t h  t h e  a l p h a  g imba l  assembly,  m a i n t a i n s  a sun- 
p o i n t i n g  o r i e n t a t i o n  o f  t h e  s o l a r  a r r a y  f o r  maximum 
c a p t u r e  o f  s u n l i g h t .  The b e t a  g imba l  assembly p r o -  
v i d e s  seasonal  p o i n t i n g  a d j u s t m e n t  o f  t h e  a r r a y - t o -  
sun p l a n e .  

DESIGN CONSIDERATIONS 

The d e s i g n  o f  t h e  PV power module has been 
i n f l u e n c e d  by  a number o f  c o n s i d e r a t i o n s  t h a t  have 
d e t e r m i n e d ,  t o  v a r y i n g  degrees ,  b o t h  i t s  p h y s i c a l  
and f u n c t i o n a l  c h a r a c t e r i s t i c s .  Some o f  these 
have been d i c t a t e d  by  s p e , c i f i c  SSF o v e r a l l  d e s i g n  
r e q u i r e m e n t s ,  and a r e  t h e r e f o r e  c o n s t r a i n e d .  Many 
o t h e r  c h a r a c t e r i s t i c s  a r e  f l e x i b l e ,  and a r e  
impacted  by t h e s e  c o n s i d e r a t i o n s :  
r e l i a b i l i t y  and m a i n t a i n a b i l i t y ,  PV power module 
i n t e g r a t i o n ,  and c a r g o  e lement  l a u n c h  p a c k a g i n g  
c o n s i d e r a t i o n s .  

mass and volume, 

Mass and Volume 

I t  i s  n o t  d i f f i c u l t  to  u n d e r s t a n d  how t h e  
d e s i g n  o f  any s p a c e c r a f t  i s  impacted  by  i t s  mass 
and volume r e q u i r e m e n t s ,  wh ich  p l a y  a m a j o r  r o l e  i n  
t h e  economics o f  any space program. T h i s  i s  more 
e v i d e n t  w i t h  t h e  SSF because o f  i t s  sheer s i z e ,  
wh ich  i s  t h e  l a r g e s t  s t r u c t u r e  e v e r  t o  be assembled 
i n  space by  more t h a n  an o r d e r  o f  magn i tude.  
w i l l  be f e r r i e d  i n t o  space u s i n g  numerous S h u t t l e  
O r b i t e r  f l i q h t s .  O b v i o u s l y ,  t h e  c o s t  o f  l a u n c h i n g  

I t  

a s t r u c t u r e - t h i s  s i z e  w i l l - b e  p r o d i g i o u s ,  a 
s i t u a t i o n  has p l a c e d  mass and volume i n  t h e  
f r o n t  of  d e s i g n  d r i v e r s .  

R e l i a b i l i t y  and M a i n t a i n a b i l i t y  

When c o n s t r u c t e d  and d e p l o y e d  i n  i t s  c 
l o w - E a r t h - o r b i t ,  t h e  SSF w i l l  be 180 m i l e s  
E a r t h .  For s e r v i c i n g  and r e s u p p l y ,  s e v e r a l  
t i c s  f l i q h t s  p e r  year w i l l  be schedu led  for  

d t h i s  
f o r e -  

r c u l a r  
r om 
l o g i  s-  
t h e  

S h u t t l e  O r b i t e r .  - I t  becomes a p p a r e n t  w i t h  t h i s  
f r e q u e n c y  o f  l o g i s t i c s  t h a t  t h e  SSF and i t s  ORU's 
s h o u l d  be h i g h l y  r e l i a b l e .  Rocketdyne has t h e  
r e s p o n s i b i l i t y  t o  d e l i v e r  a r e l i a b l e  and dependable 
p r o d u c t ,  and has t a k e n  t h e  n e c e s s a r y  s t e p s  t o  

ensure  t h a t  a l l  PV power module hardware and s o f t -  
ware comply w i t h  p rogram r e l i a b i l i t y  r e q u i r e m e n t s .  

M a i n t a i n a b i l i t y  i s  c r u c i a l  t o  t h e  s u c c e s s f u l  
l o n g - t e r m  o p e r a t i o n  o f  a s p a c e c r a f t ,  w i t h  low main- 
tenance c o s t s  b e i n g  a n o t h e r  c r i t i c a l  d e s i g n  d r i v e r .  
The d e s i g n  o f  t h e  PV power module i s  t a i l o r e d  t o  
reduce t h e  c o s t  o f  o n - o r b i t  maintenance b y  packag- 
i n g  s i m i l a r  f u n c t i o n a l  hardware i n  ORU's t h a t  can 
be i n s t a l l e d  o r  removed by r o b o t i c  or e x t r a v e h i c u -  
l a r  a c t i v i t y  ( E V A )  methods. Assembl ies and subsys- 
tems a r e  d e s i g n e d  so t h a t  removal  or rep lacement  
o f  ORU's w i l l  n o t  e n t a i l  d i s t u r b a n c e  o f  o t h e r  
a s s e m b l i e s  a n d / o r  subsystems. The main t r u s s ,  
w h i c h  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  f o r  t h e  e n t i r e  
Space S t a t i o n  Freedom, a l l o w s  a c o r r i d o r  t o  f a c i l i -  
t a t e  ORU a c c e s s .  

PV Power Module I n t e g r a t i o n  

I n t e g r a t i o n  o f  t h e  PV power module,  b o t h  
i n t e r n a l l y  w i t h  i t s  a s s e m b l i e s  and subsystems, and 
e x t e r n a l l y  i n t o  t h e  EPS, poses numerous u n i q u e  
c h a l l e n g e s .  The I E A  i s  an example o f  i n t e r n a l  PV 
power module i n t e g r a t i o n .  I n  o r d e r  t o  s u c c e s s f u l l y  
i n t e g r a t e  t h e  TCS, ESS, and EES, a c o n f i g u r a t i o n  
t h a t  combines them i n  a compact and s y s t e m a t i c  way 
had t o  be e v o l v e d .  T h i s  i t e r a t i v e  e f f o r t  l e d  t o  
t h e  a d o p t i o n  o f  t h e  c o n c e p t  o f  a f l a t - p l a t e  I E A  as 
a s t r u c t u r a l  f ramework  whose f a c e s  c o u l d  accommo- 
d a t e  p l a t e s  t o  s u p p o r t  t h e  ORU boxes wh ich  house 
t h e  v a r i o u s  subsystem hardware .  These u t i l i t y  
p l a t e s  p r o v i d e  t h e  t h e r m a l ,  e l e c t r i c a l ,  and s t r u c -  
t u r a l  i n t e r f a c e s  f o r  t h e  I E A  ORU's. An example o f  
e x t e r n a l  PV power module i n t e g r a t i o n  i s  d e s i g n  com- 
m o n a l i t y  o f  b e t a  g i m b a l s  w i t h  t h e  s o l a r  dynamic 
( S D )  power module,  w h i c h  w i l l  be i n  use  d u r i n g  
Phase I 1  o p e r a t i o n  o f  Freedom. B o t h  t h e  P V  and SD 
b e t a  g i m b a l s  have s i m i l a r  d e s i g n  r e q u i r e m e n t s .  By 
u s i n g  one common d e s i g n  f o r  b o t h  a p p l i c a t i o n s ,  
c o s t s  can be m i n i m i z e d .  

Cargo Element Launch P a c k a g i n g  

w i l l  be r e q u i r e d  t o  c a r r y  f reedom i n t o  space. 
S i n c e  i t s  p a y l o a d  bay can h o l d  o n l y  a l i m i t e d  
amount o f  c a r g o ,  i t  i s  i m p e r a t i v e  t h a t  i m a g i n a t i v e  
l a u n c h  p a c k a g i n g  t e c h n i q u e s  be e x e r c i s e d  t o  maxi-  
m ize  t h e  use o f  a v a i l a b l e  p a y l o a d  bay space i n  
o r d e r  t o  m i n i m i z e  t h e  number o f  r e q u i r e d  f l i g h t s .  
I n  a d d i t i o n ,  t h e  assembly sequence s h o u l d  be 
p l a n n e d  c a r e f u l l y  so t h a t  e lements  i n  t h e  o r d e r  
t h e y  a r e  needed and p r i o r i t i z e d  a r e  f e r r i e d  i n t o  
space t o  m a i n t a i n  a smooth t r a n s i t i o n  as Freedom 
i s  c o n s t r u c t e d  and f u n c t i o n a l  c a p a b i l i t i e s  a r e  
expanded. Power i s  r e q u i r e d  b e g i n n i n g  w i t h  t h e  
f i r s t  l a u n c h ,  d i c t a t i n g  t h a t  a PV power module 
c a r g o  e l e m e n t  be m a n i f e s t e d  on t h e  f i r s t  assembly 
f l i g h t .  The o t h e r  hardware  m a n i f e s t e d  on t h i s  
f l i g h t  w i l l ,  t o  some e x t e n t ,  a l s o  d r i v e  t h e  d e s i g n  
o f  t h e  PV power module.  

A t  l e a s t  20 f l i g h t s  o f  t h e  S h u t t l e  O r b i t e r  

TRADE S T U D I E S  

Two m a j o r  t r a d e  s t u d i e s  have r e c e n t l y  been 
p e r f o r m e d  on t h e  PV power modu le .  The f i r s t  i n -  
v o l v e d  t h e  s e l e c t i o n  o f  t h e  t h e r m a l  c o n t r o l  subsys- 
tem, w h i l e  t h e  second d e a l t  w i t h  t h e  c o n f i g u r a t i o n  
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f o r  t h e  I E A .  B o t h  t r a d e  s t u d i e s  used t h e  b a s e l i n e  
PV power module as d e r i v e d  f r o m  Freedom Phase B 
e f f o r t  as t h e  s t a r t i n g  p o i n t .  A s  t h e  Phase C/D 
c o n t r a c t u a l  e f f o r t  has proceeded,  d e s i g n  a c t i v i t i e s  
have i d e n t i f i e d  t h e s e  two a r e a s  as t h o s e  r e q u i r i n g  
m a j o r  t r a d e  s t u d i e s  i n  o r d e r  t o  a r r i v e  a t  d e s i g n s  
wh ich  would b e s t  s a t i s f y  Space S t a t i o n  Freedom p r o -  
gram r e q u i r e m e n t s .  E v a l u a t i o n  and f i n a l  acceptance 
o f  t h e s e  r e s u l t s  a l l o w s  f u r t h e r  PV power module 
d e s i g n  a c t i v i t i e s  t o  c o n t i n u e  and k e y  Freedom p r o -  
gram m i l e s t o n e s  t o  be met .  

Thermal C o n t r o l  Subsystem 

An e x t e n s i v e  t r a d e  s t u d y  was conducted  a t  
Rocketdyne i n  o r d e r  t o  compare t h r e e  d i f f e r e n t  
t h e r m a l  c o n t r o l  subsystems f o r  t h e  PV power mod- 
u l e :  two-phase iheat  p i p e  r a d i a t o r ,  s i n g l e - p h a s e /  
h e a t  p i p e  r a d i a t o r ,  and s i n g l e - p h a s e l d i r e c t  
r a d i a t o r .  These subsystems a r e  shown i n  F i g .  3. 
I t  s h o u l d  be n o t e d  t h a t  each subsystem has i t s  own 
i n h e r e n t  advantage for  c e r t a i n  a p p l i c a t i o n s .  Gen- 
e r a l l y ,  two-phase subsystems r e q u i r e  a l o w e r  flow 
r a t e  for  t h e  same c a p a c i t y  w i t h  l e s s  pumping power,  
have n e a r l y  c o n s t a n t  f l u i d  s u p p l y  t e m p e r a t u r e s ,  and 
a r e  i n s e n s i t i v e  t o  changes i n  t h e  h e a t  l o a d .  How- 
e v e r ,  t h e  hardware  a s s o c i a t e d  w i t h  two-phase sub- 
systems i s  u s u a l l y  o f  g r e a t e r  mass, i t s  r e l i a b i l i t y  
i s  lower  because o f  i t s  c o m p l e x i t y ,  and t h e  d e v e l -  
opment r i s k  i s  h i g h e r  due t o  l i m i t e d  per fo rmance 
d a t a  i n  a m i c r o - g  e n v i r o n m e n t .  

d e t e r m i n e  t h e  m e r i t s  o f  each subsystem f o r  t h e  PV 
power module a p p l i c a t i o n  based on  a number o f  c r i -  
t e r i a ,  as shown i n  T a b l e  I. A p o s i t i v e  ( + )  e v a l u a -  
t i o n  mark i n d i c a t e s  t h e  o p t i o n  has d e f i n i t e  
advantages  i n  t h a t  p a r t i c u l a r  a r e a ,  a minus ( - )  
d e n o t e s  d i s a d v a n t a g e s ,  and a z e r o  (0)  shows n o  
c l e a r  advantage or d i s a d v a n t a g e  o v e r  t h e  o t h e r  
o p t i o n s .  T y p i c a l  p a r a m e t e r s  such as mass, volume, 
r e l i a b i l i t y ,  m a i n t a i n a b i l i t y ,  and c o s t  were 
i n c l u d e d  i n  t h e  c r i t e r i a  l i s t .  The first two o f  
t h e s e  p a r a m e t e r s  f a v o r e d  t h e  s i n g l e - p h a s e l d i r e c t  
r a d i a t o r  subsystem, w h i l e  t h e  l a t t e r  t h r e e  c r i t e r i a  
were r e l a t i v e l y  e q u a l  f o r  a l l  t h e  subsystems. B o t h  
f l e x i b i l i t y  and flow power f a v o r e d  t h e  two-phase 
subsystem, b u t  commonal i t y  was r e l a t i v e l y  equa l  f o r  
t h e  t h r e e  subsystems. Two o f  t h e  r e m a i n i n g  c r i t e -  
r i a ,  deve lopment  r i s k  and t e c h n o l o g y  r e a d i n e s s ,  
showed a d e c i d e d  advantage f o r  t h e  s i n g l e - p h a s e  
subsystems, e s p e c i a l l y  t h a t  w i t h  t h e  d i r e c t  r a d i a -  
tor .  Launch p a c k a g i n g ,  t h e  l a s t  c r i t e r i a ,  was 
s u p e r i o r  f o r  t h e  s i n g l e - p h a s e / d i r e c t  r a d i a t o r  t h e r -  
mal c o n t r o l  subsystem. Based on t h e  o v e r a l l  
r e s u l t s ,  t h e  t r a d e  s t u d y  i n d i c a t e s  t h a t  t h e  s i n g l e -  
p h a s e l d i r e c t  r a d i a t o r  i s  c l e a r l y  t h e  f a v o r e d  sub- 
sys tem and has been recommended for  i m p l e m e n t a t i o n  
i n t o  t h e  PV power modu le .  

I E A  C o n f i g u r a t i o n  

l a r g e  number o f  o p t i o n s  was per fo rmed by  Rocketdyne 
i n  o r d e r  t o  d e t e r m i n e  t h e  b e s t  c o n f i g u r a t i o n  f o r  
t h e  I E A .  From an i n i t i a l  f i e l d  o f  n i n e  p o s s i b l e  
o p t i o n s ,  s i x  were dropped on  t h e  b a s i s  o f  n o t  meet- 
i n g  a l l  t h e  r e q u i r e m e n t s  d e f i n e d  i n  t h e  a p p l i c a b l e  

The s t u d y  i n v o l v e d  a s e r i e s  o f  a n a l y s e s  t o  

A comprehens ive  t r a d e  s t u d y  c o n s i d e r i n g  a 

NASA s p e c i f i c a t i o n s .  These r e q u i r e m e n t s  were used 
as t h e  c r i t e r i a  for c h o o s i n g  t h e  c o n f i g u r a t i o n  t h a t  
b e s t  s a t i s f i e s ,  b o t h  p h y s i c a l l y  and f u n c t i o n a l l y ,  
t h e  r e q u i r e m e n t s  for  t h e  I E A .  The t h r e e  r e m a i n i n g  
o p t i o n s ,  shown i n  F i g .  4. were t h e n  a n a l y z e d  and 
compared. They a r e  t h e  low p r o f i l e  I E A .  t h e  f l a t  
p l a t e  I E A  as p a r t  o f  a f u l l y  d e p l o y a b l e  PV power 
module,  and t h e  f l a t  p l a t e  I E A  w i t h  i n t e g r a l  l a u n c h  
c r a d l e .  

The l i s t  o f  c r i t e r i a  and t h e  c o r r e s p o n d i n g  
e v a l u a t i o n  marks for t h e  t h r e e  o p t i o n s  a r e  l i s t e d  
i n  Tab le  11. Once a g a i n ,  a p o s i t i v e  (+ )  mark i n d i -  
c a t e s  t h e  o p t i o n  has d e f i n i t e  advantages i n  t h a t  
p a r t i c u l a r  a r e a ,  a minus  (-) d e n o t e s  d i s a d v a n t a g e s ,  
and a z e r o  (0) shows no c l e a r  advantage or d i s a d -  
vantage o v e r  t h e  o t h e r  o p t i o n s .  
i n c l u d e d  mass, assembly ,  m a i n t a i n a b i l i t y ,  s a f e t y ,  
t e c h n o l o g y  r e a d i n e s s ,  and l a u n c h  p a c k a g i n g .  C o s t  
as a d i r e c t  f u n c t i o n  of mass and c o m p l e x i t y  was 
combined w i t h  mass because t h e r e  i s  n o  marked d i f -  
f e r e n c e  i n  t h e  d e s i g n  c o m p l e x i t y  o f  t h e  t h r e e  
o p t i o n s .  Mass c a l c u l a t i o n s  were made i n  connec- 
t i o n  w i t h  l i m i t e d  s t r u c t u r a l  a n a l y s e s  f o r  s i z i n g  
t h e  v a r i o u s  members o f  t h e  assembly .  

w i t h  i n t e g r a l  l a u n c h  c r a d l e  has t h e  l e a s t  mass, 
hence c o s t .  Combin ing  l a u n c h  c r a d l e  s t r u c t u r e  w i t h  
I E A  s t r u c t u r e  r e s u l t s  i n  o v e r a l l  P V  power module 
mass s a v i n g s .  T h i s  o p t i o n  a l s o  has t h e  most f a v o r -  
a b l e  m a i n t a i n a b i l i t y  f e a t u r e s  because i t  i s  more 
e a s i l y  accessed t h a n  t h e  o t h e r s .  There i s  more 
c l e a r a n c e  for  ORU r e p l a c e m e n t ,  and a d d i t i o n a l  l o c a -  
t i o n s  fo r  p o s s i b l e  foot r e s t r a i n t s  t h a n  any o f  t h e  
o t h e r  o p t i o n s .  The s o l e  b e n e f i t  o f  t h e  f l a t  p l a t e  
I E A  as p a r t  o f  a f u l l y  d e p l o y a b l e  PV power module 
i s  i t s  ease o f  assembly o n - o r b i t ,  b u t  t h i s  i s  a t  
t h e  expense o f  t h e  o t h e r  c r i t e r i a .  
I E A  had n o  p o s i t i v e  e v a l u a t i o n  marks .  
r e s u l t s  show t h a t  t h e  f l a t  p l a t e  I E A  w i t h  i n t e g r a l  
l a u n c h  c r a d l e  i s  t h e  most e f f e c t i v e  c o n f i g u r a t i o n  
and, t h e r e f o r e ,  has been adopted  by  Work Package 4 
as t h e  b a s e l i n e  I E A  c o n f i g u r a t i o n  f o r  t h e  PV power 
module.  

The c r i t e r i a  

The m a t r i x  i n d i c a t e s  t h a t  t h e  f l a t  p l a t e  I E A  

The low p r o f i l e  
The combined 

SUMMARY 

Hardware d e s i g n s  for t h e  PV power module have 
c o n t i n u e d  to e v o l v e  d u r i n g  R o c k e t d y n e ' s  Phase C/D 
c o n t r a c t u a l  e f f o r t .  These d e s i g n s  have i n  many 
cases been d i c t a t e d  by  s p e c i f i c  p rogram r e q u i r e -  
ments .  I n  o t h e r  cases however,  m a j o r  t r a d e  s t u d i e s  
have been p e r f o r m e d  i n  o r d e r  t o  s e l e c t  concepts  
t h a t  n o t  o n l y  meet p rogram r e q u i r e m e n t s ,  b u t  p r o -  
v i d e  d e f i n i t e  advantages  o v e r  o t h e r  l e s s  e f f e c t i v e  
c o n c e p t s .  The d e s i g n  o f  t h e  P V  power module w i l l  
c o n t i n u e  t o  p r o c e e d ,  a l l o w i n g  k e y  Freedom program 
m i l e s t o n e s  t o  be met .  
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C r i t e r i a  

Mass 
Volume 
Re1 i a b i  1 i t y  
M a i n t a i n a b i l i t y  
c o s t  
F l e x i b i l i t y  
F low power 
Commona 1 i t y  
Development r i s k  
Techno logy  r e a d i n e s s  
Launch p a c k a g i n g  

Two-phase/ S i n g l e - p h a s e /  S i n g l e - p h a s e /  
h e a t  p i p e  h e a t  p i p e  d i r e c t  

r a d i a t o r  r a d i a t o r  r a d i a t o r  

TABLE 11. - I E A  CONFIGURATION STUDY EVALUATION CHART 

Low p r o f i l e  F l a t  p l a t e  I E A ,  
I E A  1 f u l l y  d e p l o y a b l e  

PV power module 

C r i t e r i a  F l a t  p l a t e  I E A ,  
i n t e g r a l  

l a u n c h  c r a d l e  

Mass 
Assemb 1 y 
M a i n t a i n a b i l i t y  
S a f e t y  
Techno logy  r e a d i n e s s  
Launch p a c k a g i n g  

L 

ORBITAL DATA: 

DISCHARGE UNIT 0 SUNLIT (54.8 HIN) 

# SHADOW (36.4 MIN) 

0) ENTIRE ORBIT (91.1 M I N I  

[ALTITUDE = 180 N H I  BATTERIES 

I 
SUNLIGHT I ECLIPSE NOTES: 

1. AVERAGE POWER = 75 K W  
2. PEAK POWER: EXTRA 25 K W  75 a KW 

FOR 15 MIN/ORBIT & 

15 MlN 
FIGURE 2. - POWER FLOW DIAGRAM. FIGURE 1. - PV POWER MODULE. 
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TWO-PHASE/HEAT P I P E  RADIATOR 

LOW PROFILE IEA 

SINGLE-PHASE/HEAT P I P E  RADIATOR 

7 \A 

SINGLE-PHASE/DIRECT RADIATOR 
FIGURE 3. - THERML CONTROL SUBSYSTEM OPTIONS. 

FLAT PLATE IEA. FULLY DEPLOYABLE PV POWER RODULE 

FLAT PLATE IEA,  INTEGRAL LAUNCH CRADLE 

FIGURE 4 .  - IEA CONFIGURATION OPTIONS. 
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