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V a l l e y  F o r g e ,  P e n n s y l v a n i a  

T h e  General E l e c t r i c  Company is c u r r e n t l y  u n d e r  c o n t r a c t  t o  t h e  Je t  P r o p u l s i o n  
L a t c r a t o r y  t o  d e s i g n ,  f a b r i c a t e ,  i n s t a ' l  and  t e s t  a  p o i n t  f o c u s  s o l a r  c o n c e n -  
t r a t o r  t h a t ,  g i v e n  a h i g h  v o l u m e  o f  p r o d u c t i o n ,  w i l l  o p t i m i z e  t h e  r a t i o  o f  
p e r f o r m a n c e  t o  c o s t .  T h e  c o n c e n t r a t o r  d e s i g n  a p p r o a c h  h a s  e ~ t o l v e d  by a  s y s -  
temmat i c  p r o c e s s  o f  e x a m i n i n g  t h e  o p e r a t  i n g  r e q u i r e m t l n t s  p a r t i c u l a r  t o  t ? ~  
s o l a r  a p p l i c a t i o n ,  m i n i m i z i n g  m a t e r i a l  c o n t e n t  t h r o u g h  J p t a i l  s t r u c t u r a i  d e -  
s i g n  and  s t r u c t u r a l l y  e f f  ! ~ . i e n t  s u b s y s t e m  features, a n d  u t i l i z i n g  m a t e r i a l s  
and p r o c e s s e s  comp.:t i b l z !  wi t 5  h i g h  v o l u m e  p r o d u c t  i n n  t t > c h n i q u r s .  T h i s  p a p e r  
b r i e f l y  d e s c r i b e s  t h e  d e s i g n  a p p r o a c h ,  t h e  p r e s e n t  r o n c e n t r a t o r  c o n f i g u r a t i o n  
and t h e  s t a t u s  of t h e  hardwar t1  d e v e l o p m e n t .  

The  G e n e r a l  E l e c t r i c  Company i s  r u r r t v t i y  u n d e r  c o n t r a c t  t o  t h c  J e t  P r o p u l s i o n  
L a b o r a t o r y  t o  d e s i g n ,  f a b r i c  ; i t< .  and t e s t  a p r o t o t y p e  1 2 - m t ~ t c r  d i m e t e r  p o i n t  
f o c u s  s o l n r  r o n c c n t r n t o r .  \ f e a t u r e  of t h e  a n a l y s i s  and  d e s i g n  p h a s e  of t h e  
proF;ram h a s  been  t o  i n c  ludt*  .i v a l u e  e n g i n e e r i n g  ' ' ? r a t  i o n  wh ich  h a s  e x m i n e d  
t h e  c o s t  and f u n c t i o n  o f  t ! w  c o n c e n t r a t o r  s u b s v s ~  A S  a n d  t h e i r  componc-nts 
: e l a t  i v e  t o  t h e  d e s i g n  r t q u  i r e m e n t s  and t h e  o p t r a t  i n g  e n v i r o n r n c n t .  S u c h  a n  
i t e r a t  i o n  was condut  ,zed e a r l y  i n  t  tic p r e l  i m i n a r v  d e s i s n  p h a s e ;  h o w e v e r ,  s w t  ra; 
i m p o r t a n t  f a c t o r s  n e c e s s i t a t e d  a n o t h v r  i t e r a t i o n  a f  t c r  c o m p l e t i o n  o f  t h e  d e t a i l  
d e s i g n .  E a r l v  p e r f o r m n n c c  and o p r r a t  i n g  e n v i r o n m e n t a l  r e q u i r e m e n t s  wcbre e s t n b -  
l i shed  b a s c d  c n  s e n s i t  i v i  t s  s t u d i e s  wh ich  i n c o r p o r a t e d  s imp1  j f i e d  rr ,odels f o r  
b o t h  t h e  o p t  i c n l  p e r f o r m a n c e  o f  t h e  d e s i g n  a n d  t h e  wc-ight  and c o s t  o f  t h i i  s u : ~ -  
s y s t e m s .  As the  d o t a i l  d e s i g n  e v o l v e d ,  cmp1c.x st r u r t u r a l / o p t i c a l  r e l a t i o n -  
s h i p s  n r o s t . ,  n e c e s s i t . l t  i n g  t ht. nci:d f o r  more  s o p h i s t  i c a t  cd a n a l y t i c a l  and  d e -  
s i g n  tools.  I'se of  t h e s e  t o o l s  s o o n  i d e n t  i f i e c i  t h e  f a c t  t h a t  small d e c r e a s e s  
i n  p e r f o r m a n c e  c o u l d  r r s u l t  i n  l a r g e  c o s t  r e d u c t i o n s  a n d  t h a t  c o s r s  c o u l d  b a  
r e d u c e d  bv b e t t e r  m a t c h i n g  s e v e r a l  compancnt  d e s i g n s  t o  h o t h  t h e  s t r u c t u r a l  
r e q u  i r cmer , t  s a n d  manuf actll!-  in^ p r o c e s s e s .  

DETA I I. DES I ( ; N  ITERATION 

T h e  a p p r o a c h  f o r  t h e  d e t a i  l e d  d e s i g n  "va lu t .  e n g i n e e r i n g "  i t  errlt i o n  c o n s i s t e d  
o f  u t  ilirjng t h e  f l r s t  i t e r a t  inn  d e t a i l  d e s i g n  a s  a b a s e l i n e  d e s c r i p t i c , ~ ~  f o r  
fu r . c r  i o n ,  w e i g h t ,  c o s t  and  p r c d u c i b i  l i t y  ( t h i s  b a s e l i n e  d e s i g n  is d e s c r i b e d  
b r i e f l y  i l l  Ret e r e n c e  1 ) .  C o s t  s ~ v l n g  i e s i g n s  w e r e  i n c o r p o r a t e d  a n d  t h e  re- 
s u l t a n t  p e r f o r m a n c e  e f f e c t s  e v a l u a t e d .  I n  ~ d d i  t i o n ,  s e c  t.ra! e n v i r o n m e n t a l  
r e q u i r e m e n t s  w e r e  r e l a x e d  t o  t e s t  t h e  c o s t  s e n s i t i v i t y .  F i g u r e  1 d e p i c t s  t h e  
new c o n c e n t r a t o r  d e s i g n .  M n j o r  v a r i a t i o n s  f rom t h e  b a s e l i n e  d e s i g n  t h a t  w e r e  
s t u d i e d  and e v e n t u a l l y  i n c o r p o r a t e d  i n c l u d e  t h e  u s e  of a s k i n n e d  core g o r e  



segment, u s e  of s t e e l  c o r r i g a t e d  i n t e r n a l  r i b s  w i t h  a s i m p l i f i e d  g o r e  j o i n t  
des ign,  and implementation of a new mount frame des ign  which u t i l i z e s  l e s s  
m a t e r i a l ,  s i m p l i f i e d  j o i n t s ,  and e l i m i n a t e s  t h e  upload s t r u c t u r a l  requirement 
or t h e  foundation.  

The a n a l y s i s  methodology, a s  dep ic ted  i n  Figure  2 ,  c o n s i s t e d  af modell ing 
each of t h e  des ign changes, determining t h e  o p t i c a l  e f f e c t s  of t h e s e  changes 
and then a l t e r i n g  t h e  s t r u c t u r a l  s t i f f n e s s  and m a t e r i a l  content  u n t i l  dp- 
p r e c i a b l e  performance degradat ion was i n d i c a t e d .  The a n a l y t i c a l  t o o l s  con- 
s i s t e d  of a  d e t a i l e d  f i n i t e  element s t r u c t u r a l  model (NASTRAN) which d e t e r -  
mines loads ,  s t r e s s e s  and d e f l e c t i o n s  f o r  m u l t i p l e  o r i e n t a t i o n s  and environ- 
mental  load cases ,  a ray  t r a c e  o p t i c a l  program (POLYPAGOS) which mapped t h e  
f o c a l  p lane  f l u x  p r o f i l e  f o r  t h e  deformed c o n c e n t r a t o r ,  and an o p t i c s  program 
t h a t  f u r t h e r  spread t h e  f o c a l  p lane  energy due t o  r e f l e c t o r  s p e c u l a r i t y  and 
f i n i t e  s o l a r  energy d i s t r i b u t i o n s .  Included i r .  t h e  t r adeof f  o p t i c a l  s t u d i e s  
were t h e  d i s t o r t i o n  e f f e c t s  due t o  o r f e n t a t i o n ,  se i smic  loads ,  a sy l i3e t r i c  
wind loads .  gore  manufacturi  .g t o l e r a n c e s  and the  thermal expansion chsrac- 
t e r i s t i c s  of t h e  v a r i o u s  m a t e r i a l s  used throughout t h e  concen t ra to r .  

The r e s u l t a n t  performance c h a r a c t e r i s t i c s  a r e  shown i n  F igure  3. These t r e z d s  
show the  i n t e r c e p t  f a c t o r  v a r i a t i o n  wi th  r e c e i v e r  a p e r t u r e  and wind speed and 
t h e  thermal performance a s  a  func t ion  of r e c e i v e r  a p e r t u r e ,  wind speed and 
ambient temperature v a r i a t i o n .  The thermal performance p r e d i c t i o n s  a r e  based 
on a  r e c e i v e r  l o s s  node1 t h a t  cons ide r s  r a d i a t i o n ,  conduction and convection 
thermal losses .  A s  a  r e s u l t  of t h i s  des ign i t e r a t i o n ,  t h e  r a t e d  wind speed 
has  been reduced t o  15 mph from 22 mph and t h e  recommended a p e r t u r e  s i z e  has 
been increased from 11.25 inches  t o  12.5  inches .  The r e s u l t a n t  usab le  thermal  
energy a v a i l a b l e  t o  t h e  heat  engine i s  58.5 kWTH versus  60 kWTH, a  2 .5% per-  
formance decrease .  

A s  shown in  Figure 4 ,  however, s u b s t a n t i a l  r educ t ions  were made i n  both  t h e  
concen t ra tc r  weight and c o s t .  The b a s e l i n e  des ign w'eight was 172 lblmz of 
conceq t ra to r  a p e r t u r e .  The p ro to type  weight,  which c o n s i s t s  of many of t h e  
d .. , ign improvements i d e n t i f i e d ,  weighs 123 lb/m2. The p o t e n t i a l  weight of 
108 lb/rn2 r e f l e c t s  including weight r educ t ion  des igns  t h a t  were not  incorpo- 
r a t e d  due t o  the  near-term p r o t o t y p i c a l  n a t u r e  of the  concen t ra to r .  S i m i l a r l y ,  
s u b s t a n t i a l  c ~ s t  r educ t ions  were r e a l i z e d  as a  r e s u l t  of reduced m a t e r i a l  con- 
t e n t .  use  of lower cos t  m a t e r i a l s  and char~ges  i n  t h e  manufacturing approaches.  

C l e a r l y ,  a s  a r e s u l t  of t h i s  d e t a i l e d  des ign "value engineering" i t e r a t i o n ,  
s i g n i f i c a n t  improvements i n  the  concen t ra to r  cost- to-periormanze r a t i o  were 
r e a l i z e d .  

HARDWARE STATUS 

The concen t ra to r  des ign a s  d iscussed above is  c u r r e n t l y  ir. t h e  i n i t i a l  s t a g e s  
of f a b r i c a t i o n .  The s t r u c t u r e  and foundat ions  a r e  i n  t h e  procurement c y c l e  
whi le  t h e  c o n t r o l  system and g o r e l r e f l e c t o r  development i s  near ing completion.  



A m a j o r  e f f o r t  on t h e  p r o g r i m  h a s  been t h e  d e s i g n ,  material and  p r o c e s s  d e -  
v e l o p m e n t ,  and t o o l i n g  f a b r i c a t i o : ~  o f  t h e  molded p l a s t i c  g o r e s .  T h i s  nc- 
t i v i t y  h a s  been d i v i d e d  i n t o  two areas: p r o c e s s  deve lopment  o f  a  p a r a b o l i c  
p i l o t  mold f a c i l i t y  and t h e  d e s i g n  and f a b r i c a t i o n  of t h e  p r i m e  g o r e  scKmtvits 
and t h e i r  molds.  F i g u r e  5 d e p i c t s  s e v e r a l  a s p e c t s  o f  t h e  p i l o t  mold ,  in-  
c l u d i n g  tire r e s u l t a n t  molded g o r e  segment b o t h  3s molded and w i t h  i t s  r c -  
f l e c t o r  sys tem a p p l i e d .  T h i s  p i l o t  m7ld h a s  been used t o  c w a l u a t e  m a t e r i a l  
and p r o c e s s  p a r a m e t e r s ,  and  t o  p r o v i d e  s p e c i m e n s  f o r  s t  r u c t u r n l  i***l  env i r o n -  
m e n t a l  t e s t  i n g .  

The d e s i g n  of t h e  p r i m e  g o r e  segment mold ing  f a c i l i t y  Irns been wmpltbted,  
f a b r  i c a t  ion o f  t h e  mold Iiandl inp, and s u p p o r t  equipment  is  n e a r i n g  complcbt i o n ,  
and f a b r i c a t i o n  of t h e  m a s t c r  p o r e  segment p a t t e r n s  h a s  hegun. F i ~ u r e  6 d c -  
p i c t s  t h e  sweep t o o l i q g  t h a t  h a s  been c o n s t r u c t e d  t o  g e n e r a t e  t h c  p a r a b o l i c  
c o n t o u r s .  Also  shown arc. t lit. c a r l y  stngcs of t l w  o u t t B r  gore scKmtJnt m a s t c r  
p a t  t e r n  f a h r i c a t  ion. 

Presclnt sctwclu1c.s c a l l  f o r  s i te i n s t a l  l n t  i o n ,  cammclncing w i t h  thch f o u n d a t  i o n s ,  
n c c u r r i n ~  in  t h e  f i r s t  q u a r t e r  of 1981,  w i t h  t e s t i n g  e a r l y  i n  thc' t h i r d  
quar tc . r  . ) f  1981. Tht. r e s u l t a n t  d e s i g n  a l t e r a t i o n s  w i l l  d e t e r m i n r  t h e  r c ~ a d i -  
ncss ~f t l ic  conc twt  r a t o r  f o r  s v s t e m  a p p l  i c a t i o n s .  
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