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. .  

FORM1 NG ALUM1 NUM FOR SOLAR ENERGY CONCENTRATORS 
QUARTERLY PROGRESS REPORT NO. 2 

FOR THE PERIOD 
1 JANUARY THROUGH 31 MARCH 1964 

1.0 SUMMARY OF WORK 

Fourteen aluminum electroforming runs were completed during the W n A  
quarter. The immediate purpose of these was: a) the refinement of tbpara- 
metric and design data bescribed in the previous quarterly report; b) 
tion of the contractually required test specimens; c> check-out of the full 
process as designed for the scaled-up (30" mirror) equipment;[as well as d) 
gain more operating experience. 

prepara- 

to 

The basic soundness of the process was visibly demonstrated by the buccess- 
ful forming of a 5" aluminum paraboloidal mirrordon first try, in our laboratory 
cell, using conditions closely approximating those anticipated in the scaled-up 
equipment. Subsequently, a 7-inch aluminum parabolic mirror and two 2%'' hemi- 
spherical mirrqrs were electroformed. 
in each case. The excellent surface replication and lack of visible distortion 
not already present on the masters are evident in the photographs contained 
within this report. The separation of the electroforms from the masters pro- 
ceeded smoothly, without applying mechanical force. 

Electroformed nickel masters were used 

Physical property measurements of electroformed aluminum specimens were 
completed and appear within this report. 
to the structural equations given in the previous report. 

The mechanical property data was applied 

To date, approximately 44% of the initial aluminum content of the laboratory 
plating solution has been deposited out. This percentage represents sufficient 
aluminum to electroform over thirty 30dinch mirrors from the large size plating 
bath. Close control and strict bath maintenance made this extended plating life 
possible. 
operating procedures. 

These procedures have been made part of the equipment design and 

All equipment and appurtenances required to electroform the 30-inch mirrors 
were defined, work statement and specifications were prepared and sent to three 
potential vendors for quotation on its fabrication. Bart Manufacturing Company 
was selected to fabricate the 30-inch mirror electroforming equipment from our 
design and with our close direction. Detailed blueprints are nearly completed. 
The materials of conStruction, valves, piping, components, etc., have already been 
ordered to avoid delay. 

Component support structures have been designed,and drawings were issued. 
A sample epoxy spincasting was made to re-test this process equipment. 

All program efforts are on schedule and within their allotted budget. 
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2 .0  MAJOR PROBLEMS 

No major  problems a f f e c t i n g  the  a n t i c i p a t e d  schedu le ,  cost  o r  r e s u l t s  are 
f o r e s e e n  a t  t h i s  t i m e .  A minor problem i s  t h e  l a c k  of  s u i t a b l e  procedure  f o r  t h e  
removal of  t h e  t h i n  s i l v e r  f i l m  ( p a r t i n g  l a y e r )  from t h e  aluminum. 
f i l m  i s  h i g h l y  r e f l e c t i v e  and s p o t l e s s ,  i t  i s  l i k e l y  to t a r n i s h  i n  t i m e .  Commonly 
used s i l ve r  removers are not  a p p l i c a b l e ,  because  they  a f f e c t  t h e  under ly ing  alumi-  
num. 

Though t h i s  

3.0 WORK CONTENPLA~D FOR THE NEXT MONTH 

During t h e  coming r e p o r t  p e r i o d , ' t h e  s p i n c a s t  suppor t  s t r u c t u r e  w i l l  be  
b u i l t .  A l l  d e t a i l e d  drawings f o r  t h e  aluminum e l e c t r o f o r m i n g  equipment w i l l  be  
cample ted ,  and i t s  f a b r i c a t i o n  w i l l  begin.  Addi t iona l  runs  are planned i n  t h e  
l a b o r a t o r y  ce l l  t o  de t e rmine  t h e  b a t h  exhaus t ion  p o i n t  and f u r t h e r  r e f i n e  t h e  
t echn iques  employed. 

4.0 TECHNICAL STATUS 

4.1 P r e p a r a t i o n  of t h e  Aluminum P l a t i n g  S o l u t i o n  

Aluminum p l a t i n g  s o l u t i o n s  were pa repa red  by t h e  procedure  r e p o r t e d  by 
Beach and  Faus t  (Ref 1) - t h e  a d d i t i o n  of  aluminum c h l o r i d e  and t h e  hydr ide  to  
d i e t h y l  e t h e r .  The p r a c t i c a l  advantages of  t h i s  procedure ,  as compared t o  t h e  
a d d i t i o n  of  e t h e r  to A l C 1 3  qnd LiAlH4, d e s c r i b e d  p r e v i o u s l y  (Ref 21, are t h e  i m -  
proved c o o l i n g  and a g i t a t i o n  c h a r a c t e r i s t i c s  of a s o l u t i Q n  vs. a s l u r r y .  A l s o  by 
c o n t r o l l i n g  t h e  A1C13 a d d i t i o n s  t o  t h e  b a t h ,  t h i s  h i g h l y  exothermic  r e a c t i o n  ( h e a t  
of s o l u t i o n  580 c a l o r i e s  pe r  gram) i s  more e a s i l y  k e p t  under  f u l l  c o n t r o l .  Data, 
o b s e r v a t i o n s  and handl ing  t echn iques  developed by t h e  l a b o r a t o r y  p r e p a r a t i o n  o f  
t h i s  s o l u t i o n  w i l l  be  u s e f u l  i n  prepar ing  t h e  200-ga l lon  p l a t i n g  b a t h  f o r  electro- 
forming t h e  two 30-inch mirrors. 

-te 1. L ,-I E f f e c t i v e  L i f e  of t h e  Alumiiiuiii P l a t i n g  Solution 

The 3.5 l i t e r  p l a t i n g  s o l u t i o n ,  prepared  p r i o r  t o  1 Janua ry ,  w a s  used 
t o  e l e c t r o f o r m  t h e  mechanical and o p t i c a l  test  specimens c o n t r a c t u a l l y  r e q u i r e d  
d u r i n g  t h i s  r e p o r t  pe r iod .  Subsequent ly ,  a n  a d d i t i o n a l  2 l i t e rs  of  p l a t i n g  so lu -  
t i o n  was prepared  s e p a r a t e l y  and combined w i t h  t h e  above ba th .  T h i s  5.5 l i t e r  
(approx  1% g a l l o n )  p l a t i n g  s o l u t i o n  was used to  e l e c t r o f o r m  some p r o t o t y p e  geo- 
metries and f o r  runs  to  f u r t h e r  r e f i n e  some o f  t h e  p rocess  parameters .  A t  t h i s  
p o i n t ,  46.7% of  t h e  i n i t i a l  aluminum c o n t e n t  of t h e  p l a t i n g  s o l u t i o n  had been de-  
p o s i t e d ,  ahd t h e  aluminum d e p o s i t  i s  s t i l l  l o w  s t r e s s e d  and d u c t i l e .  It should  
be remembered t h a t  t h e  f i r s t  1.6 l i t e r  p l a t i n g  b a t h  y i e l d e d  h i g h l y  s t r e s s e d ,  un- 
s u i t a b l e  e l e c t r o f o r m s  a f t e r  22.2% o f  t he  i n i t i a l  aluminum c o n t e n t  had been removed. 
The extended p l a t i n g  l i f e  o f  t h e  p re sen t  s o l u t i o n  i s  a t t r i b u t e d  t o  t h e  c l o s e  con- 
t ro l  and maintenance of  t h e  e l e c t r o l y t e  d u r i n g  t h e s e  runs.  These t echn iques  have 
been i n c o r p o r a t e d  i n t o  t h e  30- inch  e l ec t ro fo rming  equipment d e s i g n  and o p e r a t i n g  
s p e c i f i c a t i o n s .  

-2- 



c 
, -  

I e 

A t i m e  photograph of  t h e  e l e c t r o d e  p o t e n t i a l  ( F i g  1 1 ,  measured on an  
o s c i l l o s c o p e ,  t aken  a f t e r  power i n t e r r u p t i o n  of  t h i s  last  run ,  shows t h a t  t h e  
p l a t i n g  s o l u t i o n  moi s tu re  c o n t e n t  is s t i l l  s u f f i c i e n t l y  low ( s e e n  by t h e  i n s t a n -  
t aneous  d e p o l a r i z a t i o n  of  t h e  e l e c t r o d e s ) .  The e x c e l l e n t  r e s u l t s  conf i rm t h e  
v a l i d i t y  of  t h i s  procedure.  Addi t iona l  r u n s  are planned to measure t h e  p l a t i n g  
b a t h  l i f e  under  p r e s e n t  maintenance techniques.  ' 

4.3  Repenera t ion  of t h e  Aluminum P l a t i n g  S o l u t i o n  

The i n i t i a l  p l a t i n g  b a t h ,  a f t e r  f i v e  weeks of  i n t e r m i t t e n t  u s e ,  showed 
s i g n s  of  exhaus t ion ,  as d e s c r i b e d  p rev ious ly  (Ref 2 ) .  I n  t h e  c o u r s e  of a s tudy  
aimed a t  developing  b a t h  maintenance and c o n t r o l  t echn iques ,  t h i s  p l a t i n g  s o l u t i o n  
w a s  r e s t o r e d  by t h e  a d d i t i o n  of 0 . 1 M  L i A 1 H 4 ,  a f t e r  which t h e  aluminum d e p o s i t s  
resumed t h e i r  p rev ious  l o w  s t r e s s - d u c t i l e  c h a r a c t e r i s t i c s .  O s c i l l o s c o p e  photo- 
g r a p h s ,  t aken  a t  c u r r e n t  i n t e r r u p t i o n ,  show t h e  d e p o l a r i z a t i o n  t i m e  b e f o r e  and 
a f t e r  t h e  hydr ide  a d d i t i o n  ( F i g u r e s  2A and 28 ,  r e s p e c t i v e l y ) .  The d e p o l a r i z a t i o n  
t i m e  was r e s t o r e d  to  z e r o ,  i l l u s t r a t i n g  t h e  merits of  t h i s  procedure  f o r  b a t h  c o n t r o l .  

Th i s  i n i t i a l  p l a t i n g  s o l u t i o n  w a s  subsequent ly  s e a l e d  and r e t u r n e d  to  
s t o r a g e ,  and t h e  runs  proceeded w i t h  the  new, l a r g e r  volume ba th .  

4 .4  Deposi ted Aluminum Elec t roforms 

4.4.1 F l a t  P l a t e s  

F l a t  aluminum p l a t e s  were e lec t roformed o v e r  e l ec t ro fo rmed  n i c k e l  t o o l s  
which had been p l a t e d  on  s t a t i c - p o u r e d  GE epoxy ( s p i n c a s t  f o r m u l a t i o n ) .  F l a t  
p l a t e s  produced ranged i n  s i z e  from 2 squa re  inches  t o  24 s q u a r e  i n c h e s ,  and i n  
t h i c k n e s s  from s e v e r a l  thousandths  to 0.029-inch.  The p l a t i n g  s o l u t i o n  w a s  con- 
t a i n e d  e i t h e r  w i t h i n  a c i r c u l a r  g l a s s  t a n k  o r  t w o  d i f f e r e n t - s i z e d  r e c t a n g u l a r  
g l a s s  t a n k s  du r ing  t h e s e  runs .  
were h i g h l y  r e f l e c t i v e  and e x h i b i t e d  e x c e l l e n t  r e p l i c a t i o n  of t h e  master s u r f a c e .  

The e lec t roformed p l a t e s  l acked  v i s i b l e  d i s t o r t i o n ,  

4 .4 .2  5- Inch  P a r a b o l i c  Mi r ro r  

A l l  aluminum specimens e lec t roformed t o  t h i s  p o i n t  were f l a t  p l a t e s .  
An e l ec t ro fo rmed  n i c k e l  master w a s  secured t o  a t t e m p t  e l e c t r o f o r m i n g  a p a r a b o l i c  
aluminum m i r r o r  by b r i n g i n g  i t  through t h e  e n t i r e  planned p r o c e s s  ( p r e t r e a t m e n t s ,  
r e s i d e n c e  t i m e s ,  geometry,  e tc . ) .  The d a t a  from t h i s  run  w a s  regarded  as a n  
e s s e n t i a l  f e a t u r e  of  o u r  l a b o r a t o r y  study. 
w a s  h i g h l y  p l e a s i n g ,  and i s  presented  p i c t o r i a l l y  i n  F igu res  3 A  and 3 B .  L The r e s u l t  (a  5 - inch  p a r a b o l i c  mirror) 

The s u r f a c e  r e p l i c a t i o n  was e x c e l l e n t .  The r e f l e c t e d  images ( i .e .  f l o -  
r e s c e n t  l i g h t s ,  camera, c e i l i n g  beams, e t c . )  i n d i c a t e  a d i s t o r t i o n - f r e e  s u r f a c e  
r e s u l t i n g  from t h e  p rocess .  A conforming anode w a s  n o t  used,  t h e r e f o r e ,  t h e  
throwing power appea r s  s u r p r i s i n g l y  high (uni form t h i c k n e s s !  1.  
w i l l  b e  used f o r  t h e  l a r g e  mirrors. A f t e r  about  a month 's  s t o r a g e  i n  a desk  
drawer ,  t h e  s i l v e r e d  s u r f a c e  shows some t a r n i s h .  

A conforming anode 
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4 . 4 . 3  2S-Inch Diameter Hemispherical Mirrors 

A 2k- inch  d i ame te r  hemispher ica l  e l ec t ro fo rmed  n i c k e l  master w a s  used 
t o  e l e c t r o f o r m  two 24-inch d i ame te r  mirrors. The r e s u l t s  were comparable to  
t h a t  f o r  t h e  5 - inch  p a r a b o l i c  mirror and i s  p resen ted  p i c t o r i a l l y  i n  F igu res  
4A and 4B. The r e f l e c t e d  images i n d i c a t e  a very  good r e p l i c a t i o n .  

I n  F i g u r e  4 A ,  t h e  l e f t  mi r ro r  w a s  made wi thou t  p e r i o d i c  reverse c y c l i n g ,  
t h e r e f o r e ,  i n c r e a s e d  n o d u l a t i o n  occurs  on  t h e  back s u r f a c e .  On one  of t h e s e  
mirrors t h e  s i l v e r  was removed by g e n t l e  mechanical p o l i s h i n g  ( impregnated c o t t o n ) ,  
bu t  t h i s  ru ined  t h e  s p e c u l a r i t y .  

4 . 4 . 4  7-Inch P a r a b o l i c  Mirror 

The 1%-ga l lon  p l a t i n g  s o l u t i o n  w a s  brought  up t o  2 g a l l o n s  t o  accommodate 
a - / - inch  male e l ec t ro fo rmed  copper  master ,  coa ted  w i t h  n i c k e l .  The q u a l i t y  of  t h e  
n i c k e l  s u r f a c e  w a s  r a t h e r  poor  w i t h  some s c r a t c h e s ,  n i c k s ,  p i t s ,  and show-thru 
of  copper  l e a k  v i s i b l e ;  however t h e  geometry w a s  a c c e p t a b l e .  The master was se- 
cured  a t  no c o s t  to  t h e  program from Bart Manufac tur ing ' s  s c r a p  p i e c e s .  D e s p i t e  
t h e s e  shor tcomings ,  t h e  s c a l e - u p  d a t a  ga ined  j u s t i f i e d  t h i s  run. These d e f e c t s  
are less n o t i c e a b l e  on  a convex su r face  and are not  w e l l  v i s i b l e  i n  t h e  photo- 
g reph  ( F i g  5 B )  * 

The r e s u l t s  were, once  more, h i g h l y  p l e a s i n g ,  a l though  f a i t h f u l  r e p l i -  
c a t i o n  o f  t h e  d e f e c t s  marred t h e  a e s t h e t i c  appea l .  The 7- inch  p a r a b o l i c  mirror 
i s  shown p i c t o r i a l l y  i n  F ig .  SA. The r e f l e c t e d  images ( f l o r e s c e n t  l i g h t s ,  camera, 
c e i l i n g  beams, t h e  a u t h o r s  o f  t h i s  r e p o r t ,  s t r i p e s  i n  t i e ,  misce l l aneous  o b j e c t s )  
i n d i c a t e  s u r f a c e  f ree  from v i s i b l e  d i s t o r t i o n s .  A conforming anode was n o t  used,  
b u t  t h e  un i fo rmi ty  of d e p o s i t  w a s  good. 

The t h i c k n e s s  of  t h e  d e p o s i t  exceeded 0 .030  inch .  

One impor tan t  l e s s o n  l ea rned  from a l l  t h e s e  mirror runs  w a s  t h a t  t h e  
l a r g e r  nodules  on t h e  rear s u r f a c e  show through t o  t h e  f r o n t .  R o t a t i o n ,  a g i t a t i o n  
and conforming anodes w i l l  p r even t  the  fo rma t ion  of  nodules  on  t h e  30" mirrors. 

4 . 5  Materials Compa t ib i l i t y  

I n  a n  e f f o r t  to  reduce  f a b r i c a t i o n  c o s t s  i n  t h e  30- inch  e l e c t r o f o r m i n g  
equipment ,  t h e  c o m p a t i b i l i t y  of  s e l e c t e d  s t a n d a r d  materials w a s  i n v e s t i g a t e d .  
High c o s t  o f  g l a s s - l i n e d  equipment recommended t h i s  s tudy .  The f i r s t  phase w a s  
r e p o r t e d  p r e v i o u s l y  (Ref ,  2 ,  4 ) .  The r e s u l t s  o f  t h i s  concluding  s t u d y  appea r  i n  
Table  1. 

The d a t a  c i t e d  i n  Tab le  1 ,  i n  c o n j u n c t i o n  w i t h  p rev ious  d a t a  ( R e f  21, 
enabled  t h e  materials of  c o n s t r u c t i o n  s p e c i f i c a t i o n s  t o  be drawn up. 

- 4 -  



5.0 PHYSICAL PROPERTIES OF ELECTROFORMED ALUMINUM 

Electroformed aluminum s h e e t s  were d e p o s i t e d  from t h e  p l a t i n g  ba th  on  
a n  e l ec t ro fo rmed  n i c k e l  s u b s t r a t e  under c o n d i t i o n s  which w i l l  be  employed i n  f ab -  
r i c a t i n g  t h e  t w o  30- inch  m i r r o r s .  A l l  t h e  test specimens were machined from 
t h e s e  s h e e t s ,  as d e s c r i b e d  below. 

5.1 Mechanical P r o p e r t i e s  

5.1.1 Data f r o m  S t r e s s - S t r a i n  Curves 

5.1.1.1 T e s t  Specimens 

Four s t anda rd  t e n s i l e  specimens,  w i t h  a reduced c r o s s - s e c t i o n  of 0.406 
i n c h  x 0.026 i n c h ,  w e r e  machined from 0.028 i n c h  e l ec t ro fo rmed  aluminum p l a t e .  
One specimen was used to  de termine  t h e  p r o p e r  stress and s t r a i n  m a g n i f i c a t i o n  
scales. Data from t h e  remaining t h r e e  are r e p o r t e d  below. 

5.1.1.2 T e s t  Equipment and Procedure 

S t r e s s - s t r a i n  cu rves  (Ref 3 )  were ob ta ined  from tests conducted on a 
F l o o r  Model TT I n s t r o n  T e s t i n g  Machine, u s ing  a n  F - c e l l  f o r  l oad  pick-up.  The 
cell was a d j u s t e d  to  200 po-ugds-full c h a r t  reading .  S t r a i n  w a s  measured wi th  a 
Tin ius-Olsen  S-3 extensometer  w i t h  a one-inch gauge l e n g t h ,  a d j u s t e d  t o  produce 
a 125x magni f i ca t ion .  
w i t h  a v e r n i e r  c a l i p e r s .  
p e r  i n c h  p e r  minute  a t  t h e  s ta r t  of the  test .  

The t o t a l  e l o n g a t i o n  was measured o v e r  one- inch  gauge marks 
The s t r a i n  rate o f  each  test w a s  approximate ly  0.05 i n c h  

5.1.1.3 T e s t  R e s u l t s  

Data r e d u c t i o n  of  t h e  s t r e s s - s t r a i n  cu rves  y i e l d e d  t h e  fo l lowing  ave rage  
6 va lues :  Modulus of  E l a s t i c i t y  - 7.98 x 10 p s i ;  T e n s i l e  Yie ld  S t r e n g t h  @ 2% 

O f f s e t  - 7810 p s i ;  E l t i m a t e  T e n s i l o  S t r e n g t h  - 11050 p s i ;  and Elongat ion  - 26%. 
A l l  mechanical  p rope r ty  d a t a  are t a b u l a t e d  and compared w i t h  handbook v a l u e s  o f  
2 s  aluminum i n  Table  2. A t y p i c a l  t e n s i l e  stress vs. e l o n g a t i o n  cu rve  f o r  elec- 
t roformed aluminum a p p e a r s  i n  F igu re  6. 
r e p l o t t e d  f o r  one  specimen t o  provide  a r e p r o d u c i b l e  copy and appea r s  i n  F i g u r e  7.  
The d a t a ,  as run  on  t h e  o r i g i n a l  c h a r t  pape r ,  i s  on f i l e  a t  RSD and i s  a v a i l a b l e  
on r eques t .  

The a c t u a l  I n s t r o n  run  d a t a  has  been 

5.1.2' Thermal Expansion 

5.1.2.1 T e s t  Specimens 

Four 3k- inch  long ,  \ - i nch  wide specimens w e r e  machined from 0 .28- inch  
e l ec t ro fo rmed  aluminum p l a t e .  One specimen w a s  used f o r  s e t - u p ,  t h e r e f o r e ,  d a t a  
f o r  t h e  remaining t h r e e  specimens a r e  r e p o r t e d .  
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5.1.2.2 Test Equipment and Procedure 

The more common dilatometer method of measuring thermal expansion was 
impractical for the soft, thin, 0.026-inch electroformed aluminum specimens. 
Therefore, an alternate method was devised. A model KE-2 Keuffel and Esser 
Theodolite was mounted at a known distance from the specimen to measure the angle 
subtended by a 3-inch gauge length of the electroformed aluminum specimen. The 
change in gauge length was calculated from the measured change in the subtended 
angle which resulted from the temperature variation. The accuracy of the theo- 
dolite is within one-half second of arc. 

The test specimens were taped to an aluminum block to prevent buckling. 
However, the adhesive side of the tape was covered where it could exert any re- 
straink on the specimen. The specimens were placed in a Missimer High-Low 
Temperature Chamber and sighted during test through a 10-inch x 10-inch viewing port. 

The selected temperature range of -70°F to +2000F was divided into three 
increments: -70°F to OOF; O°F to +lOO°F; and +lOO°F to +200°F. 

Measurements were made 30 minutes after the specimen temperature had 
stabilized for each temperature cited above. A shielded thermocouple mounted on 
the gauge length surface of the specimen monitored the temperature during these 
tests. 

5.1.2.3 Test Results 

An average value of 13.6 in/in/OF over the -70°F to +200°F temperature 
range was measured for the linear coefficient of thermal expansion of electro- 
formed aluminum. These data are tabulated in Table 2. 

5.1.3 Density 

5.1.3.1 Test Specimens 

Two specimens were deemed sufficient because of the routine and simple 
character of the density determination. 

5.1.3.2 Test Equipment and Procedures 

The density of the electroformed aluminum specimens was determined by the 
standard ASTM method. All weighings were done with an analytical balance accurate 
to within 0.1 milligram. 
water displacement weight of the sample. 

The specimen volume was determined by measuring the 

5.1.3.3 Test Results 

Values of 97.4 and 98.9 percent of theoretical density were measured for 
the two electroformed aluminum specimens. These data appear in Table 2. 
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5.2 Optical Properties 

5.2.1 Specular Reflectivity 

5.2.1.1 Test Specimens 

Flat aluminum plates, approximatelr 2 3/8-inch x 2 3/8-inch x 0.016-inch 
thick, were electroformed over an electroformed nickel tool. Deposition of the 
aluminum was by our optimized operating conditions which are part of our large 
equipment design. 
This electroform, a second specimen in the as-removed condition, and the nickel 
master from which these replications were made, were sent to Libbey-Owens-Ford 
for vacuum coating with aluminum and silicon monoxide, successively. These 
specimens were required to re-test previous samples, which were vacuum coated 
with an excessive (pink) thickness of Si0 in-house. The specular reflectivity 
data of the latter specimens have been reported previously (Ref 4 )  and will not 
appear in this report. 

One electroformed aluminum specimen was mechanically polished. 

5.?.1.2 Test Equipment and Procedures 

The specular reflectivity of the three repeat optical test specimens 
is measured at 100°F over the spectrum of 0.3 to 7.0 microns. 
DKZL Reflectometer is used to determine the specular reflectivity in the 0.3 to 
2.7 micron spectral range. For the 2.0 to 7 . 0  micron spectral range, the optical 
test specimen is measured in a Perkin-Elmer Model 205 Reflectometer. Reflecti- 
vity of an aluminum mirror standard is simultaneously determined to enable cal- 
culation of absolute values for each specimen. 

A Beckman Model 

5.2.1.3 Test Results 

The specular reflectivity of the electroformed aluminum specimens and 
nickel mirror appears in Table 3. These data indicate that mechanical polishing 
of the optical surface prior to vacuum coating markedly reduced che specular 

(0.3 to 0.4 microns) the reflectivity of the non-polished electroformed aluminum 
specimen was 14-16% lower than the nickel master. For the remaining spectral 
range, the reflectivity for electroformed aluminum was comparable to that of the 
nickel master. 

reflectivity in the 0.3 to 1.5 micron wave length range. At the low wave lengths 

Liberty Mirror indicated that the silver film is not a desirable sub- 
strate for their coating process. 

6.0 ANALYSIS OF RESULTS 

6.1 Storage of the Plating Solution 

Anticipating that the plating solution will have to be prepared 1-2  weeks 
prior to actual deposition and stored while various components and systems are 
checked out, one prepared solution was sealed and stored in the laboratory for one 
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month p r i o r  t o  use.  Aluminum e lec t ro fo rms ,  which were d e p o s i t e d  from t h i s  s t o r e d  
p l a t i n g  b a t h ,  d i d  n o t  d i f f e r  from specimens d e p o s i t e d  from f r e s h l y - p r e p a r e d  so lu -  
t i o n s .  The re fo re ,  t h e  a n t i c i p a t e d  1-2 weeks b a t h  s t o r a g e  t i m e  should  p r e s e n t  no 
problems.  

6.2 Adhesion of  t h e  Elec t roform to  t h e  Cathode 

Success fu l  e l e c t r o f o r m i n g  requires t h a t  t h e  d e p o s i t  e x h i b i t  s u f f i c i e n t  
adhes ion  t o  p reven t  premature p a r t i n g  d u r i n g  d e p o s i t i o n ,  and s t i l l  permi t  ea sy  
s e p a r a t i o n  a t  t h e  conc lus ion  of  t h e  run so t h a t  t h e  e l e c t r o f o r m  need no t  be 
p r i e d  o f f  and t h u s  d i s t o r t e d .  
t r e a t m e n t  procedure ,  which c o n s i s t s  of a n  o le ic  a c i d - i s o p r o p y l  a l coho l  s o l u t i o n  
immersion o f  t h e  ca thode  s u b s t r a t e  p r i o r  t o  d e p o s i t i o n .  
t i v e l y  c o n t r o l s  t h e  adhes ion  of  t h e  e l ec t ro fo rm to  t h e  ca thode  and can be v a r i e d  
from poor  t o  i n s e p a r a b l e  by u t i l i z i n g  different c o n c e n t r a t i o n s  of  o l e i c  a c i d .  
T h i s  c o n t r a s t s  t h e  complex, c o s t l y  techniques  found i n  t h e  l i t e r a t u r e .  Details 
have been d e s c r i b e d  i n  Reference  2. 

A breakthrough was achieved  by developing  a s imple  

Th i s  procedure  e f f e c -  

I n  a f u r t h e r  development,  t h i s  procedure  w a s  somewhat modif ied to  make 
i t  more r e p r o d u c i b l e  and a p p l i c a b l e  t o  t h e  30- inch  mirror e l ec t ro fo rms .  T h i s  
m o d i f i c a t i o n  c o n s i s t s  of  app ly ing  t o  t h e  s u b s t r a t e  a chemical ly-reduced s i l v e r  
f i l m  (approx .  4 m i l l i o n t h s  of a n  i n c h  t h i c k )  f o r  easy  p a r t i n g  and,  subsequen t ly ,  
an ole ic  a c i d  s o l u t i o n  d i p  formula ted  f o r  maximum adhes ion .  The p a r a b o l i c  and 
Hemispherical  mirrors were prepared  i n  t h i s  manner. The drawback o f  t h i s  method 
i s  t h e  adherence  of  t h e  s i l v e r  f i l m  t o  t h e  e l ec t ro fo rmed  aluminum; however, i t  
p e r m i t s  d i s t o r t i o n - f r e e  s e p a r a t i o n  of  t h e  s o f t  aluminum d e p o s i t ,  which i s  q u i t e  
s i g n i f i c a n t  when c o n s i d e r i n g  t h e  problems g e n e r a l l y  encountered  i n  p u l l i n g  o f f  
t h e  much more rugged n i c k e l  e l ec t ro fo rms  from t h e i r  masters. 

6 . 3  Cur ren t  Dens i ty  

The c h a r a c t e r  of  d e p o s i t  f o r  a range  o f  c u r r e n t  d e n s i t y  (0 t o  140 a s f )  
was i n v e s t i g a t e d  i i t i l i z i n g  G e m r s l  E l e c t r i c ' s  9 r o p r i e t a r y  Schmidt S t r e s s  C e l l .  
The d e p o s i t  from one run  pe rmi t s  e v a l u a t i o n  of t h e  e n t i r e  c u r r e n t  d e n s i t y  range 
c i t e d  above. A r e l a t i v e l y  wide cu r ren t  d e n s i t y  range (15  to  35 a s f )  w a s  found 
to  be s u i t a b l e  f o r  o u r  requi rements .  Depps i t i on  of  t h e  30-inch mirror w i l l  be 
a t  20 a s f .  

6.4 Cur ren t  Reversal 

The smooth d e p o s i t s  which can be achieved  w i t h  c u r r e n t  reversal have 
been r e p o r t e d  by Couch and Brenner  (Ref 6 ) .  Our i n v e s t i g a t i o n  came t o  t h e  same 
conclus ion .  A 294cseconds p l a t i n g  - 6-seconds d e p l a t i n g  t i m e  c y c l e  produced 
e x c e l l e n t  r e s u l t s  f o r  o u r  p rocess  cond i t ipns .  S h o r t  d e p l a t i n g  c y c l e s  w e r e  no t  
e f f e c t i v e .  The 2% ( 6  seconds)  d e p l a t i n g  c y c l e  proved optimum i n  p r e v e n t i n g  nodular  
growths ,  w h i l e  n o t  g r e a t l y  reducing  the  o v e r a l l  p l a t i n g  e f f i c i e n c y .  

The e f f e c t  o f  n o t  u s i n g  c u r r e n t  reversal i n  e l e c t r o f o r m i n g  " th i ck"  de-  
p o s i t s  can  be  s e e n  p i c t o r i a l l y  i n  F igures  4 A  and B.  
w a s  des igned  and assembled f o r  t h e  l a b o r a t o r y  r u n s ,  and t h i s  same u n i t  w i l l  be  
used i n  t h e  l a r g e  scale equipment. 

A s p e c i a l  c u r r e n t  reverser 
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6.5 Depos i t i on  Temperature 

The p l a t i n g  c u r r e n t  hea ted  the p l a t i n g  s o l u t i o n  d u r i n g  d e p o s i t i o n .  I t  
was found t h a t  t h e  c h a r a c t e r  o f  t h e  aluminum d e p o s i t  w a s  n o t  p a r t i c u l a r l y  tempera- 
t u r e  dependent .  However, c o o l i n g  of t h e  p l a t i n g  b a t h  i s  d e s i r a b l e  t o  reduce 
e t h e r  v o l a t i l i z a t i o n  losses and w a s ,  t h e r e f o r e ,  inc luded  i n  t h e  equipment d e s i g n .  

h . 6 E l e c t r o d e  S p a c i n g  

An e l e c t r o d e  spac ing  o f  23, inches w a s  e s t a b l i s h e d  f o r  e l e c t r o i a r v i n q  t h e  
30- inch  mirror.  The p l a t i n g  s o l u t i o n  r e s i s t i v i t y ,  c u r r e n t  d i s t r i b u t i o n ,  a g i t a t i o n ,  
minimum volume of s o l u t i o n ,  e t c . ,  were t a k e n - i n t o  account  i n  d e r i v i n g  t h i s  s e p a r a -  
t i a n .  The p a r a b o l i c  and hemispher ica l  mir rors  were e lec t roformed w i t h  t h i s  spac ing .  

6 . 7  A g i t a t i o n  of  t h e  P l a t i n p  S o l u t i o n  

Mechanical a g i t a t i o n  was observed t o  s t i r  up anode sed iment ,  making f i l -  
t r a t i o n  more d i f f i c u l t  and r e s u l t i n g  i n  a roughened d e p o s i t .  However, a g i t a t i o n ,  
p a r t i c u l a r l y  du r ing  d e p o s i t i o n  of  a large s i z e  electroform, i s  mandatory. There- 
fore ,  t h e  f i l t e r  r e t u r n  l i n e  t o  the large p l a t i n g  tank  w i l l  be  l o c a t e d  so t h a t  
t h e  f i l t e r e d  s o l u t i o n  w i l l  impinge o n  the male n i c k e l  master. 

A s l o w  r o t a t i o n a l  motion of t h e  male n i c k e l  master w i l l  p rov ide  a d d i t i o n a l  
a g i t a t i o n  and s e r v e  t o  make the depos i ted  t h i c k n e s s  more uniform. T h i s  h a s  been 
inc luded  i n  t h e  equipment des ign .  

6 . 8  F i l t r a t i o n  

F i l t r a t i o n  i s  mandatory dur ing  t h e  d e p o s i t i o n  of t h e  aluminum m i r r o r s ,  
as i n d i c a t e d  by comparat ive runs  i n  our  ce l l .  T h i s  c o n t r a d i c t s  t h e  conc lus ions  
o f  Conner and Brenner  (Ref 5 ) .  With a l l  o t h e r  parameters  h e l d  c o n s t a n t ,  f a i l u r e  
t o  f i l t e r  t h e  p l a t i n g  s o l u t i o n  dur ing  d e p o s i t i o n  r e s u l t s  i n  a rough nodular  de-  
p o s i t  when t h e  aluminum d e p o s i t  exceeds 0.008 t o  0.010-inch wi thou t  c u r r e n t  re- 
v e r s a l ,  o r  exceeds 0.012 t o  0.014-inch w i t h  c u r r e n t  reversal. With repea ted  
f i l t r a t i o n  d u r i n g  d e p o s i t i o n ,  t h e  number and s ize  of nodules  s h a r p l y  decreased  when 
t h e  p r o p e r  c u r r e n t  reversal c y c l e  was employed, even a t  d e p o s i t  t h i c k n e s s  i n  ex- 
cess of 0.30 inch.  Continuous f i l t r a t i o n  w i l l  be used i n  t h e  l a r g e  equipment.  

During a r e c e n t  v i s i t  t o  Metal Hydrides I n c o r p o r a t e d ,  Beve r ly ,  Mass., a 
s e l f - b u i l t  f i l t r a t i o n  u n i t ,  i d e n t i c a l  i n  p r i n c i p l e  to o u r  own home-made l a b o r a t o r y  
f i l t e r  and o u r  sca led-up  f i l t e r  u n i t  d e s i g n ,  w a s  observed.  Metal Hydrides f i l t e r s  
a n  e t h e r e a l  s o l u t i o n  similar t o  o u r  p l a t i n g  b a t h  wi thou t  d i f f i c u l t y .  
no m o d i f i c a t i o n s  i n  o u r  o r i g i n a l  des ign  were n e c e s s a r y ,  i t  was encouraging  to  kno5.J 
t h a t  t h e  sca l ed -up  f i l t r a t i o n  u n i t  would not  p rov ide  any d i f f i c u l t i e s ,  and t h a t  
Cjthers have a r r i v e d  a t  t h e  saiile conclus ions  and d e s i g n  as  we d i d .  

Although 

Tki ckness  

TO d a t e ,  n u r  aluminum e i c c t r o f o r i j  h have k e n  C’C ,.,si tcc’ t o  tli;  CkilF’SsC5 L>L 
0.029-inch f o r  a f l a t  p l a t e  and i n  excess  of O.OSO-inch 101- .? :-inch p a r z b o l i c  
mirror. Brenner  (Ref 5) recommended t h e  a d d i t i o n  of‘ iiletLyl b o r a t e  t o  t h e  o l a t i n : :  
s o l u t i o n  t o  a t t a i n  such  t h i c k  d e p o s i t s ;  Iwwever, b a t h  a d d i t i v e s ,  l i k e  most b a t h  
contarninat ion,  i n c r e a s e  t h e  stress l e v e l s  i n  t h e  aluminum d e p o s i t s ,  and w e  ; , i lL 
not  u s e  any. 
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6.10 P l a t i n g  Bath Cont ro l  

A small secondary p l a t i n g  ce l l ,  independent  of t h e  30-inch m i r r o r ,  
has  been inc luded  i n  t h e  d e s i g n  and w i l l  be  u t i l i z e d  f o r  p e r i o d i c  stress checks 
d u r i n g  t h e  d e p o s i t i o n  per iod .  

6.11 . Simulated Power F a i l u r e  

I n  e l ec t ro fo rming  t h e  n i c k e l  master f o r  a 9%-foot  n i c k e l  mirror, a 
power f a i l u r e  occur red  d u r i n g  depos i t i on .  
c u l a r l y  cr i t ical  i n  aluminum e lec t ro fo rming ,  and i t  i n v a r i a b l y  causes  l amina t ions  
i n  t h e  d e p o s i t .  Power i n t e r r u p t i o n s  of v a r i e d  d u r a t i o n  w e r e  e v a l u a t e d  i n  con- 
j u n c t i o n  w i t h  several c o r r e c t i v e  procedures .  Long power shut-downs and removal 
of  t h e  e l e c t r o f o r m  from t h e  b a t h  proved p a r t i c u l a r l y  d e t r i m e n t a l .  To p reven t  such 
mishaps,  a n  a u x i l i a r y  power sou rce  i s  now i n c o r p o r a t e d  i n t o  t h e  d e s i g n ,  which 
w i l l  m a i n t a i n  a small n e g a t i v e  p o t e n t i a l  on t h e  master i n  case of  power f a i l u r e .  
Th i s  t echn ique  w a s  demonstrated i n  a run ,  when t h e  c u r r e n t  d e n s i t y  w a s  reduced t o  
a t r i c k l e  f o r  8 hours .  The d e p o s i t i o n  r u n  w a s  later resumed, and t h e  r e s u l t a n t  
e l e c t r o f o r m  w a s  devoid o f  l amina t ions .  

The i n t e r r u p t i o n  o f  c u r r e n t  i s  p a r t i -  

6.12 C e l l  Voltage Balance 

The p o l a r i z a t i o n  voltage, t h e  p l a t i n g  s o l u t i o n  conductance,  e tc . ,  were 
de termined  as p a r t s  of a n  overall  cell v o l t a g e  ba lance  ( R e i  2 )  to  e n a b l e  t h e  
d e t e r m i n a t i o n  of e l e c t r o d e  spac ing ,  c e l l  geometry,  and t h e  s e l e c t i o n  of a s u i t a b l e  
power supply.  The v a l u e s  found d i d  not s i g n i f i c a n t l y  d i f f e r  from t h o s e  i n  t h e  
l i t e r a t u r e .  

6.13 C e l l  Volume 

To d a t e ,  o u r  i n i t i a l  p l a t i n g  s o l u t i o n  volume of  1% l i te rs  has  been 
sca l ed -up  to  7% l i ters  (approx  2 g a l l o n s ) .  The e l e c t r o f o r m i n g  o p e r a t i n g  condi -  
t i o n s  have  remained p r e d i c t a b l e  dur ing  t h e  ce l l  volume and specimen s ize  sca i e -ups .  

6 .14 Mechanical P r o p e r t i e s  of  Electroformed Aluminum 

The l a b o r a t o r y  test d a t a  from t h e  mechanical p r o p e r t y  tests w e r e  a p p l i e d  
t o  t h e  s t r u c t u r a l  a n a l y s i s  f o r  t h e  e lec t roformed aluminum mirror. The c a l c u l a -  
t i o n s  i n d i c a t e  t h a t  t h e  stress and d e f l e c t i o n  are so s m a l l  i n  t h e  mirror under  
a l o g  t h r u s t  l o a d ,  t h a t  a n  even t h i n n e r  mirror s k i n  than  w a s  e s t i m a t e d  o r i g i n a l l y  
would be s t r u c t u r a l l y  s u f f i c i e n t .  The c a l c u l a t i o n s  appea r  i n  the appendix of t h e  
r e p o r t .  

7.0 DEFINITION OF THE 3 0 - I N C H  MIRROR ELECTROFORMING EQUIPMENT 

A f low diagram, showing a l l  equipment and p rocess  l i n e  requi rements  f o r  
e l e c t r o f o r m i n g  t h e  30-inch m i r r o r ,  was prepared ,  - .This  w a s  based on  lab r e s u l t s , ,  
and c o n s i d e r i n g  a l l  a v a i l a b l e  informat ion  ( expe r imen ta l ly  re-checked,  where dca.bt- 
f u l l  i n  t h e  pub l i shed  l i t e r a t u r e ,  and af ter  d i s c u s s i o n s  w i t h  vendors  and peon:.: 
expe r i enced  i n  t h i s  o r  l i k e  processes .  
a p p e a r s  i n  F igu re  8. 

A s chemat i c  o f  t h e  e l e c t r o f o r m i n g  eqs pment 
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7 . 1  Requirements from Vendor 

The vendor's responsibility is the fabrication and installation (at 
a site provided by the vendor) of the aluminum electroforming pilot plant equip- 
merit and appurtenances, shown in Figure 8 ,  with the additions described below. 
Two carbon steel tanks, to be utilized for the pre-treatment of the male nickel 
master, are required. Required utilities (water, drains, electrical connections, 
etc.) were specified. A leak-tight specification (an initial 2.5 psi pressure 
should not drop below 2.0 psi in 30 minutes) was established. A time schedule was 
specified (not to exceed 3% months for fabrication and checkout of t:.c. equipment). 
Manpower will be supplied by the vendor for the duration of the alumirium elec- 
troforming operation (2  mirrors). This manpower will be operating under GE's 
di rec t ion. 

7.2 Selected Vendor 

A work statement with equipment specifications was sent to three vendors 
requesting a quotation for the fabrication and installation of the 30-inch mirror 
electroforming equipment as designed by RSD. 

A quotation was requested from Battelle Memorial Institute, Columbus, 
Ohio, even prior to the start of this program. Battelle, which has engaged . 
laboratory investigation of this process (aimed at cladding metals), declined 
to bid citing the high risk involved. The Advanced Technologies Laboratory OL 
the General Electric Company, Schenectady, New York, had submitted a bid a year 
ago, but rescinded ic-because of-an increased work load from outside agencies 
(primarily NASA). (A number of other plating and electroforming companies de- 
clined to bid, because they did not consider aluminum electroforming feasible.) 
3art Manufacturing Co. and General Technologies Corp. submitted bids, and Bart 
was the low bidder. 

Bart Manufacturing, which has no aluminum electroforming experience, has consi- 
derable experience in general electroforming.' 
partment, and their own equipment fabrication facility, in addition to a con- 
siderable pool of useful equipment from which they can draw, if necessary. 
Bart will be executing RSD's design and work under RSD's direction, their lack 
of direct aluminum electroforming experience is not objectionable. Therefore, 
Bart Manufacturing was selected on a technical and cost basis. 

Bart has a good engineering de- 

Since 

7.3 Process Description 

Figure 8 ,  a schematic of the aluminum electroforming equipment, should 
be referred to for the discussion of the planned operation. 

7.3.1 Preparation of Platinp Solution 

Anhydrous diethyl ether will be pumped by pressurized dry nitrogen into 
the argon-purged solution storage tank. Additions of solids are made from the 
glove box while a gas-driven stirrer agitates the solution. 
the solution temperature during the exothermic reaction of solution. 
will be recirculated into the storage tank through the filter before being pumped 
to the plating tank. 

Cooling coils control 
The solution 

, 
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A condenser  i n  t h e  gas v e n t  l i n e  w a s  i n s e r t e d  t o  minimize e t h e r  v o l a t i l i -  
z a t i o n  losses, A p r e s s u r e  r e l i e f  va lve  n la in ta ins  t h e  p rope r  t ank  p res su re .  A 
r u p t u r e  d i s c  ( s i l v e r  f o i l )  w a s  included i n  a v e n t  by-pass l i n e  as a n  emergency 
p recau  t ion .  

7 . 3 . 2  . S t a r t - u p  of t h e  P l a t i n a  C e l l .  

The conforming aluminum anode, p r o p e r l y  shrouded w i t h  g l a s s  c l o t h  t o  re- 
t a i n  t h e  anode s l i m e  and minimize contaminat ion  of  t h e  p l a t i n g  s o l u t i o n ,  w i l l  be 
mounted i n  t h e  empty p l a t i n g  tank. 
th rough a c e n t r a l l y  l o c a t e d  h o l e  i n  t h e  anode. 
w i t h  a rgon  p r i o r  t o  s t a r t - u p .  The p l a t i n g  s o l u t i o n  can now be  pumped through t h e  
f i l t r a t i o n  system from t h e  s o l u t i o n  s t o r a g e  t ank  i n t o  t h e  p l a t i n g  tank. The 
f i l t r a t i o n  system to  t h e  p l a t i n g  tank  w i l l  be t h u s  checked o u t  b e f o r e  d e p o s i t i o n .  
A p l a t i n g  t ank  cover  w i l l  seal t h e  tank ,  and a p o s i t i v e  p r e s s u r e  w i l l  be  main- 
t a i  ned t h e r e i n .  

The s o l u t i o n  r e t u r n  l i n e  from t h e  f i l t e r  p a s s e s  
The p l a t i n g  t ank  w i l l  be purged 

The g love  box w i l l  t h e n  be  unclamped and removed so t h a t  t h e  m a l e  n i c k e l  
master ( ca thode )  can be a t t a c h e d  to  the  h o i s t  mechanism w i t h i n  t h e  g love  box. 
The e n t i r e  assembly (male master wi th in  t h e  g l o v e  box) is  t h e n  p laced  i n  p o s i t i o n  
o v e r  t h e  p l a t i n g  t ank ,  clamped down and purged thoroughly  w i t h  argon.  Sparkproof 
electrical  connec t ion  is made to  t h e  ca thode  and anode, and t h e  male n i c k e l  master 
i s  q u i c k l y  lowered i n t o  t h e  p l a t i n g  s o l u t i o n  wh i l e  t h e  p l a t i n g  c u r r e n t  i s  on. 
Cur ren t  d e n s i t y  i s  then  a d j u s t e d  to  20 a s f ,  and t h e  p l a t i n g  s o l u t i o n  w i l l  s tar t  
c i r c u l a t i o n  through t h e  f i l t e r  u n i t .  

The o p e r a t i o n  o f  t h e  f i l t r a t i o n  a p p a r a t u s  h a s  been d e s c r i b e d  i n  p rev ious  
p r o g r e s s  r e p o r t s .  I n  t h i s  d e s i g n ,  a p r e s s u r e  relief v a l v e  w i l l  be  Q t i l i z e d  to  
reduce  t h e  i n t e r n a l  f i l t e r  p re s su re .  A vacuum pump w a s  used d u r i n g  l a b o r a t o r y  
o p e r a t i o n ,  bu t  w a s  d i f f i c u l t  t o  con t ro l  because of t h e  b o i l i n g  of  e t h e r  i n  t h e  
vacuum cyc le .  The m o d i f i c a t i o n  h a s  proven b e t t e r  workable  by test. 

7 . 3 . 3  Opera t ing  Condi t ions  During Depos i t io i i  

The fo l lowing  p l a t i n g  parameters  w i l l  be used d u r i n g  t h e  aluminum elec- 
t r o f  o r m i  ng ope rat i o n  : 

Anode-cathode 

So 1 u t  i o n  

P a r a l l e l ,  a t  a d i s t a n c e  of  2%", t h e  anode 
t o  remain s ta t i0nhr .y .  

Aluminum c h l o r i d e  ( 3 . 4 M ) ,  l i t h i u m  a luminu ,  
h y d r i d e  (0 .4M) i n  d i e t h y l  e t h e r .  

Temperature  

F i l t r a t i o n  50 g a l / h r ,  cont inuous .  

A g i t a t i o n  

20-30°C ( h e a t i n g  by t h e  p l a t i n g  c u r r e n t )  

Provided by f i l t r a t i o n  and ca thode  r o t a t i o n .  

C e l l  Vol tage  10-16 vo l t s  

C e l l  Curren t  110 to  160 amps 

D i r e c t i o n ,  c o n t r o l  tests and a d d i t i o n s  t o  be provided by RSD. 
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A g i t a t i o n  w i l l  be provided by t h e  f i l t e r i n g  sys tem,  which w i l l  impinge 
t h e  s o l u t i o n  on t h e  ca thode  through a h o l e  a t  t h e  c e n t e r  of  t h e  anode. 

I n  a d d i t i o n ,  a s l o w  r o t a t i o n a l  motion w i l l  be imparted t o  t h e  male 
master t o  p rov ide  a d d i t i o n a l  a g i t a t i o n  and o b t a i n  a more uniform t h i c k n e s s  i n  t h e  
30- inch  aluminum electroform. 

P e r i o d i c  c u r r e n t  r e v e r s a l  w i l l  be  u t i l i z e d .  The planned c y c l e  w i l l  be: 
P l a t i n g  - 494 sec.; Dep la t ing  - 6 sec.  RSD w i l l  supply  t h e  c u r r e n t  r e v e r s e r  u n i t .  
Removal o f  a f i l t e r  u n i t  from t h e  process  l i n e  f o r  c l e a n i n g  i n c l u d e s  a blow-off 
l i n e ,  which w i l l  be used t o  purge t h e  u n i t .  Addi t ions  d u r i n g  o p e r a t i o n  w i l l  be  
made through t h e  s o l u t i o n  p r e p a r a t i o n  tank .  

7.3.4 Termina t ion  of  t h e  Depos i t ion  Run 

A t  t h e  conc lus ion  of t h e  d e p o s i t i o n  p e r i o d ,  t h e  p l a t i n g  c u r r e n t  and 
f i l t e r  o p e r a t i o n  w i l l  be  h a l t e d .  The male master w i t h  t h e  adhe r ing  30-inch mirror 
w i l l  be  h o i s t e d  up i n t o  t h e  g love  box and pe rmi t t ed  to  d r a i n  i n t o  t h e  p l a t i n g  tank .  
The p l a t i n g  t ank  cover  i s  now replaced ,  and t h e  s o l u t i o n  i s  s t o r e d  t h e r e i n .  ( I n  
a n  emergency s i t u a t i o n ,  r a p i d  removal of t h e  p l a t i n g  s o l u t i o n  from t h e  p l a t i n g  
t a n k  can  be made to  e i t h e r  t h e  storage t ank  o r  o u t s i d e  t h e  p l a n t  ( i . e . ,  dumped 
i n t o  a deep  d i t c h ) .  Return to  t h e  s t o r a g e  t ank  could  also be made through t h e  
f i l t r a t i o n  u n i t .  1 

The g love  box assembly is now unclamped and h o i s t e d  away from t h e  c l o s e d  
p l a t i n g  tank.  The male master w i t h  aluminum e l e c t r o f o r m  w i l l  be  removed and set 
down n e a r  a water d r a i n .  The assembly w i l l  be  washed w i t h  a heavy stream of  
water t o  react t h e  adhe r ing  p l a t i n g  s o l u t i o n .  A f t e r  s e p a r a t i o n  o f  t h e  f i r s t  30- 
i n c h  aluminum m i r r o r ,  t h e  m a l e  master s u r f a c e  w i l l  be prepared  f o r  e l e c t r o f o r m i n g  
t h e  second mirror. Run s t a r t - u p  procedures  w i l l  be  as i n d i c a t e d  preirfously.  

7.3.5 P1 a t i n g  Electrical  System 

Current  i n t e r r u p t i o n s  dur ing  d e p o s i t i o n  w i l l  c ause  l a m i n a t i o n s  i n  t h e  
aluminum electroform. To p r o t e c t  the  system a g a i n s t  i n a d v e r t e n t  c u r r e n t  i n t e r -  
r u p t i o n s  because of  power f a i l u r e ,  s l u g g i s h  c o n t a c t o r s ,  e t c . ,  a n  a u x i l i a r y  power 
system w i l l  be  i n s t a l l e d .  T h i s  c o n s i s t s  of  a DC b a t t e r y  connected t o  t h e  elec- 
t rodes .  
t h e  b a t t e r y .  A series resistor l i m i t s  t h e  b a t t e r y  d i s c h a r g e  to 2 amperes. I n  t h e  
absence  of  p l a t i n g  c u r r e n t ,  t h e  b a t t e r y  a u t o m a t i c a l l y  and i n s t a n t a n e o u s l y  s u p p l i e s  
a low c u r r e n t  ( 2  amperes) t o  main ta in  t h e  p l a t i n g  s u r f a c e  c a t h o d i c  and p reven t  
l amina t ions  f r o m  o c c u r r i n g  when t h e  primary c u r r e n t  i s  r e s t o r e d .  T h i s  t echn ique  
w a s  e v a l u a t e d  i n  t h e  l a b o r a t o r y  ce l l ,  and t h e  r e s u l t i n g  e l e c t r o f o r m  w a s  n o t  l a m i -  
n a t e d ,  p roving  t h e  a d v i s a b i l i t y  i f  i nc lud ing  t h i s  d e v i c e  i n  o u r  des ign .  

A p a i r  of  d i o d e s  p reven t  the  pr imary p l a t i n g  power supply  from d i s c h a r g i n g  

A schemat ic  of  t h e  p l a t i n g  e lectr ical  systems appea r s  i n  F i g u r e  9.  
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7.4  RSD Responsi b i  1 i t ies  

RSD w i l l  ma in ta in  o v e r - a l l  charge and r e s p o n s i b i l i t y  f o r  t h e  electro- 
chemical  a s p e c t s  and f o r  t h e  o p e r a t i o n  of  t h e  equipment. Design c o n s u l t a t i o n  
w i l l  be  f u r n i s h e d  by RSD throughout  t h e  e n t i r e  f a b r i c a t i o n  pe r iod .  During t h e  
e l e c t r o f o r m i n g  o p e r a t i o n ,  a l l  c o n t r o l  tests and r equ i r ed  a d d i t i o n s  ( i f  any)  t o  
t h e  p l a t i n g  s o l u t i o n  w i l l  be  handled by RSD. 

I n  a d d i t i o n ,  RSD w i l l  p rovide  t h e  c u r r e n t  reversal u n i t  t o  be connected 
t o  t h e  p l a t i n g  power supp ly ,  t h e  necessary  p l a t i n g  s o l u t i o n  chemica ls  and add i -  
t i o n s  f o r  same, t h e  e l ec t ro fo rmed  n icke l  master, anodes ,  anode bags ,  e l e c t r o d e  
connec t ions ,  s u r f a c e  t r ea tmen t  chemicals and s o l u t i o n s ,  as r equ i r ed .  

Any changes o r  m o d i f i c a t i o n s  by t h e  vendor  can  be  made o n l y  wi th  t h e  
p r i o r  consen t  of  RSD. 

7.5 P r e s e n t  S t a t u s  

RSD pe r sonne l ,  working c l o s e l y  w i t h  t h e  vendor ,  B a r t  Manufactur ing,  
have o u t l i n e d  i n  d e t a i l  a l l  a s p e c t s  of the-equipment  des ign .  
are n e a r l y  completed; t h e  materials of c o n s t r u c t i o n  and component items have al-  
ready been ordered .  

D e t a i l e d  b l u e p r i n t s  

8.0 MALE NICKEL MASTER 

RSD proposed u s i n g  one of  s e v e r a l  e x i s t i n g  30-inch m a l e  n i c k e l  masters, 
which would be loaned to  t h i s  program. These male masters had r i m  a n g l e s  h i g h e r  
(70-75O) t han  s p e c i f i e d  i n  t h e  con t r ac t .  A f t e r  d i s c u s s i o n s  w i t h  NASAlLangley 
t e c h n i c a l  r e p r e s e n t a t i v e s ,  i t  w a s  concluded t h a t  c o n t i n u a t i o n  o f  t h e  o r i g i n a l  p l a n  
would be  more d e s i r a b l e .  

8,1 Spincas  t Support  S t r u c t u r e  

The suppor t  s t r u c t u r e  f o r  t h e  s p i n c a s t  mold i s  f u l l y  d e s c r i b e d  i n  F i g u r e  
10 (GE Drawing 243R306). A l l  component p a r t s  have been ordered,  and t h e  s t r u c t u r e  
w i l l  be  f a b r i c a t e d  d u r i n g  t h e  coming month, on. schedule .  

8.2 Epoxy S p i n c a s t i n g  

The s p i n c a s t  equipment was checked o u t  i n  p r e p a r a t i o n  f o r  t h e  30-inch 
epoxy s p i n c a s t i n g .  A sample s p i n c a s t  mold, 10 i n c h e s  d i a m e t e r ,  w a s  made. N o  de-  
f e c t s ,  excep t  f o r  one v i s i b l e  bubble ,  were -no t i ced .  Re fu rb i sh ing  of t h e  epoxy 
meter ing  and mixing equipment has  been s t a r t e d .  
assembled and c leaned .  

The system has  been e n t i r e l y  d i s -  

8.3 Male Master Suppor t  S t r u c t u r e  

The suppor t  s t r u c t u r e  f o r  t he  male n i c k e l  master i s  f u l l y  d e s c r i b e d  i n  
F i g u r e s  1 1 A ,  B and C (GE Drawing SKS 0250).  Component p a r t s  have been o rde red .  
The p rocedure  f o r  a t tachment  t o  t h e  male master i s  d e s c r i b e d  i n  t h e  a t t a c h e d  work 
s t a t emen t .  
a t t a c k  t h e  p l a s t i c  of  f u l l  back-up s t r u c t u r e s  used i n  p r e v i o u s  n i c k e l - m i r r o r  programs. 

T h i s  grown-in p e r i p h e r a l  suppor t  w a s  chosen because o u r  s o l u t i o n  would 
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F I G U R E  1 

Time photograph of oscilloscope 
voltage measurement at the end 
of the 7-inch parabolic mirror 
electroforming run. At this 
point, 44.2% of the initial 
aluminum content of the plating 
bath had been depleted. Power 
interruption dropped the voltage 
to zero instantaneously. 
Vertical scale: 2 volts/major div. 
Horizontal scale: 115 second/ 

major div. 

F I G U R E  2A 

Time photograph of oscilloscope 
voltage measurement at the in- 
terruption of a psuedo-deposition 
run in the "exhausted" initial 
plating bath. Vertical scale: 
2 volts/major division. Hori- 
zontal scale: 1 second/major 
division. Power interruption 
dropped voltage to 0 . 6  volt 
(polarization voltage). NOTE: 
Voltage did not return to zero 
within the 4% seconds recorded 
in the photograph. 

F I G U R E  2B 

Time photograph of oscilloscope 
voltage measurement at the in- 
terruption of a psuedo-deposition 
run after 0.1M LiA1H4 was added 
to the initial plating bath 
shown above. Vertical scale: 
2 volts/major div. Horizontal 
scale: 1 second/major div. Power 
interruption dropped voltage to 
zero. Deposits from this bath 
were again low stressed and ductile. 



FfGURE 3 A  

F i r s t  e lec t roformed aluminum 
p a r a b o l i c  mirror (5 - inch )  o n  
l e f t ;  n i c k e l  master from which 
mirror w a s  r e p l i c a t e d  on  r i g h t  
Note t h e  u n d i s t o r t e d  r e f l e c -  
t i o n s  i n  t h e  mirror (i.e. came 
f l o r e s c e n t  l i g h t s ,  f l a t  rod 
he ld  i n  hand, f i n g e r s ,  e tc ) .  
Mirror s u r f a c e  i s  as removed 
from n i c k e l  s u b s t r a t e  - unwash 
unpol i shed ,  etc. 

FIGURE 3B 

Five- inch e 1 PC t ro f ormed a1 urn i - 
num mirror (see Fig .  3 A )  p r i o r  
t o  removal from n i c k e l  s u b s t r a t e .  
Note t h e  smooth d e p o s i t  and 
l a c k  of nodu la r  growths o v e r  t h e  
mirror p o r t i o n  of t h e  d e p o s i t .  
Edge growths ("trees") are re- 
l a t i v e l y  minor as compared t o  
n i c k e l  o r  copper  e l ec t ro fo rming .  
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FIGURE 4 A . -  

First electroformed aluminum hemi- 
spherical mirrors (24 inch dial. 
Bottom left mirror is as removed 
from electroformed nickel master 
above. Bottom right mirror was 
mechanically polished. Note un- 
distorted images (i.e. camera, 
florescent lights, ceiling poles 
and beams, etc). Haze lines about 
incandescent lamps appear in mirror 
and master, demonstrating excellent 
rep1 ication. 

FIGURE bB. 

Brrck scrface af 
mirrors. Note 
growths on the 
Electroformed r: 
shown. 
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FIGURE 5 A  - 7- inch  e lec t roformed aluminum p a r a b o l i c  mirror re- 
p l i c a t e d  from n icke l  master shown i n  F i g u r e  5B. 
The aliiminum mirror was electreformed = s i n -  des i - -  
parameters  of t he  30-inch mirror. Note t h e  undis -  
t o r t e d  r e f l e c t i o n s  i n  t h e  m i r r o r  (i.e. camera, 
f l o r e s c e n t  l i g h t s ,  c e i l i n g  p o l e s  and beams, image 
of  D r .  F. Schmidt and I. Hess, f a c i a l  d e t a i l ,  
s t r i p e s  of t i e ,  e tc . ) .  Mi r ro r  s u r f a c e  i s  as re- 
moved from nicke l  s u b s t r a t e .  

6 6.' 
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F€GURE 5B - Male Nickel Master - Used t o  e l e c t r o f o r m  t h e  7- inch 
aluminum p a r a b o l i c  mirror  shown i n  F igu re  5 A .  C e r t a i n  
imperfections i n  t h e  master are visible a t  10 o'clock- 
p o s i t i o n  of t h i s  photograph. 
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FIGURE 5C - Back surface of the 7-inch electroformed aluminum 
parabolic mirror prior to removal from nickel master. 
Note t h e  sriia:: edge grawths  tree^"! d e r n i + e  r- - t he  
0.03O-inch thick deposit. 
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TABLE 1 

ADDITIONAL RESULTS OF MATERIALS COMPATIBILITY TESTING 

Weighed specimens were immersed i n  sealed b o t t l e s  containing t h e  hydride p l a t ing  so lu t ion  
f o r  a dura t ion  of 18 days. 
weighed and then returned t o  t h e  sealed bath fo r  an addi t iona l  18 days, a f t e r  which they 
w e r e  again weighed. 

Af t e r  t h i s  i n i t i a l  exposure, t h e  specimens w e r e  removed, 

A l l  specimens extended above the  l iqu id  l eve l  during t h e  exposure. 

1st 18-day period 2nd 18-day period 
Material Weight Change Weight Chanpe Remarks 

PVC* bo. 025% -0. OTL Excellent appearance 

Lined f iberglass"  P O .  12% -0.18% Excellent appearance 

Teflon tubing +o. 27% +O. 30% Excellent appearance 

Polyethylene tubing +2.6% +2.55% S l igh t  d i sco lora t ion  

Synthesine coat ing -0.11% 
( f i r ed ,  400OF - 20 bin)  

Excellent appearance -0.21% 

Mild steel** -0.02%** --*- 

* Specimens supplied by a p l a t ing  vendor. 
** Only one 18-day exposure t o  the  p l a t ing  bath. 

Weighed specimens w e r e  immersed 
f o r  a dura t ion  of 34 days. The 
below. 

Mater la1 

Ara ld i t e  6020 T e t a  loaded 
with MgO, Sil ica  Microballoons 
Ara ld i t e  6020 Teta heavi ly  
loaded with 6 i l i c a  Micrabaloons 
Ara ld i t e  6020 Teta heavi ly  
loaded with A1203 
Ara ld i te  6020 Teta 
RSD Ser i e s  124 Epoxy 
Product Research Corp. 
Proprietary information 

S l igh t  r u s t  i n  
local ized areas** 

i n  sealed b o t t l e s  containing the  hydride p l a t ing  so lu t ion  
specimens were removed, weighed and t h e  r e s u l t s  tabulated 

*, 

Weight Change Remarks 

+O .094% Excellent appearance 

+O. 39% Excellent appearance 

-0.0081% Excellent appearance 

+O. 076% 
+O. 83% - 

Excellent appearance 
Excellent appearance 
Port ion submerged i n  
l i qu id  dissolved 



TABLE 2 

MECHANICAL PROPERTIES OF ELECTROFORMED 

TENSILE PROPERTIES 

Specimen Modules of U l t i m a t e  Tens i le  Yield 
Number E l a s t i c i t y  Tensi le  S t r .  S t r .  @ 2% Offset  E longat ion 

(psi)  (ps i )  (psi)  (x) 

1 7.83 x 10 10,850 7,880 24 
2 8-19 x lo6 11 290 (a) 28 

Average 7.98 x 106 11,050 7,810 26 

6 

3 7.95 x 106 11,000 7,740 (b) 

2s Aluminum 10.0 x 106 13 000 5,000 35 

LINEAR COEFFICIENT OF THERMAL EXPANSION 

Averages .,$ -’:.. 2nd Run I .-a-=. - Specimen 1st Run - .  

1 13.2 x in/in/OF 14.6 x 10-6 in/in/OF 13.9 x in/ in/oF 
2 13.8 12.9 13.4 
3 14.1 12.7 13.4 
Average * - 13.6 
2s .Aluminum - - (12.2 - 13.1)10’6(C) 

DENSITY 

S pe c imen 
Number 

1 
2 
Average 
2s Aluminum 2.71 g/cc - 

2.64 g/cc (97.4% of theo re t i ca l  density) 
2.68 g/cc (98.9% of theo re t i ca l  densi ty)  
2.66 g/cc (98.2% of theo re t i ca l  densi ty)  

(a) Erractic extensometer readings i n  y ie ld  area 

(b) 

(c)  

Fa i led  through radius  area before f u l l  elongation was reached 

Alcoa Alunimum Handbook cites 12.2 x loe6 in/in/OF from -58O t o  +68”F and 

13.1 x lom6 in/in/”F from 680 t o  2 1 2 9 .  
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TABLE 3 

SPECULAR REFLECTIVITY OF ELECTROFORMED ALUMINUM 

All specimens were vacuum coated with aluminum and with silicon monoxide at Libbey-Owens-Ford. 

Wave Length, microns 

0.3" 
0.4 
0.5 
0.6 
0.9 
1.2 
1.5 
1.8 
2.1 
2.4 
2.7 

2** 
3 
4 
5 
6 
7 

Electroformed Aluminum 
As Deposited Polished Surface 

71.1 
71.2 
82.6 
84.8 
87.2 
93.7 
95.6 
95.8 
96.5 
96.3 
96.0 

95.3 
95.3 
95.9 
96.2 
95.8 
96.0 

31.4 
45.7 
56.9 
64.2 
75.1 
86.5 
90.9 
93.1 
94.3 
95.6 
96.4 

94.3 
96.0 
95.9 
96.7 
97.2 
96.4 

Nickel Master 

85.8 
87.7 
89.0 
88.3 
88.0 
94.1 
96.8 
96.7 
96.7 
96.8 
97.4 

96.2 
97.0 
96.6 
97.4 
97.7 
97.8 

* Reflectivity determined with Beckman-Model DKlL Reflectometer for spectral 
range of 0.3 to 2.7 microns. 

** Reflectivity determined with Perkin-Elmer Model 205 Reflectometer for spectral 
range of 2-7 microns. 

I 
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APPENDIX A 

STRUCTURAL ANALYSIS 

The a n a l y s i s  r e p o r t e d  upon i n  t h e  Appendix t o  t h e  F i r s t  Q u a r t e r l y  P rogres s  Report  
w a s  programmed f o r  an  IBM 7094 d i g i t a l  computer. 
C i r c u m f e r e n t i a l  stresses were c a l c u l a t e d  f o r  aluminum p a r a b o l o i d a l  c o l l e c t o r s  of 30-inch 
d iameter  and 60 degrees  rim a n g l e  having  th i cknesses  of 0.010, 0.020, 0.030 and 0.040 
inch. The c o l l e c t o r s  w e r e  assumed f u l l y  f ixed  a t  t h e i r  o u t e r  p e r i p h e r i e s ,  i.e. no 
d i sp lacemen t s  o r  s l o p e  r o t a t i o n s  were permi t ted .  
case i n  which a suppor t  t o r u s  is connected t o  t h e  o u t e r  p e r i p h e r y  of a c o l l e c t o r  wi th  
t h e  t o r u s  be ing  much s t i f f e r  t h a n  t h e  c o l l e c t o r  s h e l l .  

Slope r o t a t i o n s ,  mer id iona l  and 

T h i s  cor responds  t o  t h e  p r a c t i c a l  

The r e s u l t s  are p resen ted  i n  Tab les  A 1  and A2 and i n  F i g u r e  A l .  A s  is  apparent  
from Tab le  A 1  and F i g u r e  A l ,  t h e  s l o p e  r o t a t i o n s  are ext remely  s m a l l ,  and they  occur  ove r  
t h e  area a d j a c e n t  t o  t h e  suppor t  t o r u s  only. The t h i n n e r  t h e  c o l l e c t o r  membrane, t h e  
smaller t h e  a f f e c t e d  area, but  t h e  l a r g e r  t h e  maximum s l o p e  r o t a t i o n .  A t h i c k n e s s  of 
.020 o r  -030 i n .  appears  b e s t  from F i g u r e  A l ,  w i th  t h e  maximum s l o p e  r o t a t i o n  no t  exceeding 
.12 minutes ,  i.e. 7 seconds of  a r c .  I f  the  c o l l e c t o r  is  made t h i c k e r ,  t h e  maximum s l o p e  
r o t a t i o n  is s l i g h t l y  reduced,  but  t h e  a r e a  of s l o p e  d e v i a t i o n  is cons ide rab ly  en la rged .  
I f  t h e  c o l l e c t o r  i s  made t h i n n e r ,  t h e  m a x i m u m  s l o p e  r o t a t i o n  rises r a p i d l y ,  and t h e  area 
of s l o p e  r o t a t i o n  is decreased.  E i t h e r  of t h e s e  changes probably  r e s u l t s  i n  a decreased  
geometr ic  c o l l e c t o r  e f f i c i e n c y ,  

T a b l e  A2 shows t h a t  t h e  stresses under a log  axial  load  c o n d i t i o n  are ve ry  small. 
The maximum stresses are p r a c t i c a l l y  independent of t h e  c o l l e c t o r  t h i c k n e s s ;  d i f f e r e n c e s  
showed up i n  t h e  t h i r d  s i g n i f i c a n t  f i g u r e  only.  
a t  t h e  o u t e r  r i m ,  and is  equa l  t o  32 p s i .  The maximum c i r c u m f e r e n t i a l  stress e q u a l s  14 p s i  
and occur s  c l o s e  t o  t h e  o u t e r  r i m ;  i t  moves inward wi th  i n c r e a s i n g  c o l l e c t o r  t h i c k n e s s .  

The m a x i m u m  mer id iona l  stress occur s  

The independence of t h e  maximum stresses from t h e  c o l l e c t o r  t h i c k n e s s  can be 
exp la ined  as fo l lows .  The membrane stress is obvious ly  independent  of t h e  t h i c k n e s s  
because we igh t ,  load  and r e s i s t i n g  area a l l  v a r y  l i n e a r l y  wi th  t h e  th i ckness .  
deformat ions  i n c r e a s e  wi th  dec reas ing  th i ckness  ( s e e  F i g u r e  A l ) ,  bu t  s m a l l e r  moments 
on ly  are r e q u i r e d  t o  cause t h e s e  inc reased  deformat ions  as t h e  t h i c k n e s s  dec reases .  
S i m i l a r l y ,  t h e  s e c t i o n  modulus becomes sma l l e r  as t h e  t h i c k n e s s  dec reases .  
t h e s e  e f f e c t s  i s  an  i n s i g n i f i c a n t l y  small change i n  maximum bending stress over  t h e  
t h i c k n e s s  range  i n v e s t i g a t e d .  

The bending 

The sum of 

The expres s ion  f o r  A2, g iven  on t h e  l a s t  page of  t h e  Appendix t o  t h e  F i r s t  Q u a r t e r l y  
P rogres s  Repor t ,  i s  i n  e r r o r .  The c o r r e c t  expres s ion  should be  as fo l lows:  

I 





TABLE A-1 
SLOPE ROTATION OF PARABOLOIDAL COLLECTOR 

FULL EXTERIOR RESTRAINT 
UNDER log AXIAL LOAD 

D i a m e t e r :  30 i n  
R i m  A n g l e :  60 degrees 

Angle 0 
(degrees) 

30.0 

29.9 

29.8 

29.7 

29.6 

29.5 

29.4 

29.3 

29.2 

29 .O 

28.6 

28.0 

27.0 

25.0 

20.0 

10.0 

SLOPE ROTATION (MINUTES OF ARC) 
COLLECTOR THICKNESS (IN.) 
. u  

.Ooo 

. 075 

.125 

. 155 

.170 

.172 

. 166 

. 154 

. 139 

.lo3 

.042 

-.001 

- .005 

- .ooo 

- .OOl 
-.001 

. - -  
VLU 

.Ooo 

.040 

.070 

.092 

. 107 

.116 

.121 

.122 

.119 

. 108 

. 075 

.029 

- .003 

-. 002 

-.001 

- 0001 

U3V 

.Ooo 

.027 

-049 

.066 

-079 

,088 

.094 

,098 

0099 

,097 

-079 

.045 

9007 

-0004 

-.001 

-.001 

.Ooo 

.021 

.OB 

. 051 

. 063 

.071 

. 077 

.082 

,085 

-086 

-077 

.os2 

.016 

-0004 

- . 001 

- .OOl  

R, = 26.0 in .  
01 = 30 degrees 

Material = a l u m i n u m  
= 10 



TABLE A2 

Collector Thickness (in.) 

Maximum Meridional Stress (psi) 

Locat ion (9, degrees) 

Maximum Circumferential Stress (psi) 

Locat ion ( 0 ,  degrees) 

MAXIMUM STRESSES IN PARABOLOIDAL COLLECTOR 

FULL EIEERIOR RESTRAINT 
UNDER log AXIAL LOAD 

.OlO .020 .030 

32 32 32 

30 30 30 

14 14 14 

28 27 25 

Diameter: 30 inch. 
Rim Angle: 60 degrees 

.040 

32 

30 

14 

25 

NOTE: The stresses indicated are the maximum total stresses (membrane plus bending) 
at the concave surface of an aluminum collector. 

. 



APPENDIX B 

WORK STATEMENT FOR ELECTROFORMING OF NICKEL MALE MASTER 

The vendor  w i l l  e l e c t r o f o r m  a nominally 3/8 inch  t h i c k ,  30 inch  d i ame te r ,  n i c k e l  
master ove r  t h e  s p i n c a s t  epoxy mold, us ing  t h e  b e s t  up- to-da te  p r a c t i c e s .  
s t e p s  w i l l  b e  used ,  except  when v a r i a t i o n s  are approved i n  advance by t h e  RSD P r o j e c t  
Engineer .  
w i th  t h e  v e n d o r ' s  r e p r e s e n t a t i v e  w i l l  ag ree  on and d i r e c t  a l l  p rocess  d e t a i l s .  F i n a l  
r e s p o n s i b i l i t y  w i l l  rest w i t h  RSD's P r o j e c t  Engineer .  

The fo l lowing  

RSD'S r e p r e s e n t a t i v e  w i l l  be  present  d u r i n g  t h e  e n t i r e  sequence and j o i n t l y  

a. The s p i n c a s t  epoxy assembly w i l l  be prepared  f o r  t h e  e l e c t r o f o r m i n g  sequence 
by p r o t e c t i n g  a l l  areas which should not  be p l a t e d  w i t h  masking compounds. 

b. The working s u r f a c e  of t h e  epoxy mold w i l l  be  c leaned  by sp ray ing  w i t h  mi ld  
a l k a l i n e  c l e a n i n g  and d e t e r g e n t  s o l u t i o n s  a t  room tempera ture .  
be con t inued  u n t i l  a b r e a k f r e e  w a t e r  f i l m  is observed o v e r t h e  e n t i r e  working s u r f a c e  when 
d i s t i l l e d  water r i n s e  is s p r i n k l e d  over  t h e  working s u r f a c e .  

T h i s  c l e a n i n g  s t e p  w i l l  

c. The s u r f a c e  w i l l  be  s e n s i t i z e d  using a s l i g h t l y  a c i d i c  f i l t e r e d  s tannous  c h l o r i d e  
s e n s i t i z i n g  s o l u t i o n  no t  over  t h r e e  hour s  o ld .  

d. The s e n s i t i z i n g  s t e p  w i l l  be fol lowed by a s p r i n k l e d  d i s t i l l e d  water r i n s e .  

e. The working s u r f a c e  w i l l  now be  s i l v e r i z e d  by chemical r e d u c t i o n  of s i l v e r  from 
an  ammoniacal s i l v e r i z i n g  s o l u t i o n .  
( t empera tu re  no t  exceed 70OF) w i l l  b e  sprayed s imul t aneous ly  over  t h e  working s u r f a c e ,  and 
t h i s  s p r a y i n g  w i l l  c o n t i n u e  u n t i l  t h e  s i l v e r  d e p o s i t  w i l l  become uni formly  b r i g h t  over  t h e  
e n t i r e  working s u r f a c e .  

The ammoniacal s i l v e r  and t h e  r educe r  s o l u t i o n s  

The d i s t i l l e d  w a t e r  s p r a y  w i l l  be main ta ined  ove r  t h e  s u r f a c e  d u r i n g  s t e p s  (a) 
th rough ( e ) ,  t o  ma in ta in  t h e  b r e a k f r e e  water  f i l m  c o n d i t i o n  once e s t a b l i s h e d ,  b u t  t h e  
amount of such s p r a y  w i l l  be decreased  du r ing  t h e  s e n s i t i z i n g  and s i l v e r i z i n g  s t e p s .  
The t empera tu re  of n e i t h e r  t h e  master nor  any of t h e  s o l u t i o n s  s h a l l  exceed 75OF d u r i n g  
t h e  s t e p s  ( a )  through ( e ) .  

f .  The assembly w i l l  be  t r a n s f e r r e d  wi thout  d e l a y  i n t o  a 100°F n i c k e l  e l e c t r o f o r m i n g  

The i n i t i a l l y  low CD w i l l  be  g r a d u a l l y  r a i s e d  
b a t h ,  and t h e  e l e c t r o l y s i s  w i l l  s t a r t  as soon as it i s  p o s s i b l e  t o  e s t a b l i s h  c o r r e c t  
p o s i t i o n i n g  of t h e  e l e c t r o d e s  and c o n t a c t s .  
t o  f u l l  working v a l u e  as s p e c i f i e d  below. 

g. The n i c k e l  anode assembly w i l l  be c o n s t r u c t e d  i n  such a manner as t o  p rov ide  a 
h i g h l y  uniform c u r r e n t  d e n s i t y  d i s t r i b u t i o n  ove r  t h e  ca thode .  

h. The e l e c t r o l y t e  w i l l  c o n s i s t  of a low stress Ni-su l famate  s o l u t i o n .  

As soon a f t e r  immersion of t h e  mold assembly as e q u i l i b r i u m  c o n d i t i o n s  are 
e s t a b l i s h e d ,  t h e  fo l lowing  i n d i c a t i v e  parameters w i l l  be main ta ined .  

L 
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Temperature:  120% 1' 
Cur ren t  Densi ty:  20 a s f  
A g i t a t i o n :  Impinging s o l u t i o n  
F i l t r a t i o n :  Continuous 
E l e c t r o l y t i c  P u r i f i c a t i o n :  Continuous 
C o n t r o l s :  1. E s s e n t i a l l y  cont inuous  monLtoring of b a t h  composition and pH. 

Da i ly  check of s t r e s s e s  us ing  a Schmid t - ce l l .  
2. Continuous moni tor ing  of t empera tu re ,  c u r r e n t  and v o l t a g e ,  
3. 
4. S u r f a c e  t e n s i o n .  

i. The s p i n c a s t  mold t o  be f u r n i s h e d  by Genera l  Electr ic  is f u l l y  d e s c r i b e d  on GE 
Dwg. 243R306. A l l  m e t a l  p a r t s  on t h i s  s t r u c t u r e  are f a b r i c a t e d  from 300 series s t a i n l e s s  
s teel ,  and w i l l ,  t h e r e f o r e ,  not  contaminate  t h e  b a t h ,  

j. A l s o  f u r n i s h e d  by Genera l  E l e c t r i c  w i l l  be a s t i f f e n i n g  r i n g  s t r u c t u r e  which i s  
T h i s  r i n g  i s  t o  be  a t t a c h e d  t o  t h e  e l e c t r o f o r m  by e l e c t r o f o r m i n g  d u r i n g  t h e  p rocess .  

d e s c r i b e d  on GE Dwg. SKS 0250. 
s p i n c a s t  i s  t o  be performed by t h e  vendor ,  
f u r n i s h e d  s t i f f e n e r s  which are mounted t o  t h i s  r i n g  p r i o r  t o  removing t h e  e l e c t r o f o r m  from 
t h e  s p i n c a s t .  These  s t i f f e n e r s  are a l s o  desc r ibed  on GE Dwg. SKS 0250. 

A l l  necessa ry  c l e a n i n g  and clamping of t h i s  r i n g  t o  t h e  
GE w i l l  moni tor  t h e  a t t a c h i n g  of  t h e  GE- 

A g u i d e  r i n g ,  d e s c r i b e d  on GE h g .  SKS 0250, w i l l  be f u r n i s h e d  by GE and is t o  
be assembled t o  t h e  male master suppor t  s t r u c t u r e  under t h e  s u p e r v i s i o n  of GE e n g i n e e r i n g .  
T h i s  r i n g  c o n t a i r s  i t s  own clamps so t h a t  no e x t e r n a l  clamping i s  r e q u i r e d .  

k. A t  t h e  end of t h e  n i c k e l  e l e c t r o f o r m i n g  p r o c e s s ,  when t h e  p r o p e r  d e p o s i t  t h i c k n e s s  
is  o b t a i n e d ,  t h e  assembly w i l l  be removed from t h e  p l a t i n g  t a n k ,  and t h e  b a t h  r e s i d u e s  
w i l l  be  r i n s e d  o f f  w i t h  de - ion ized  water. 

S e p a r a t i o n  of t h e  e l e c t r o f o r m  will be e f f e c t e d  by a l t e r n a t e  expans ion  and 
c o n t r a c t i o n  of  t h e  e l e c t r o f o r m ,  o b t a i n e d  by a l t e r n a t e  h o t  and c o l d  r i n s e s  and w i l l  be 
a s s i s t e d  by f o r c i n g  5-10 p s i  compressed a i r  between t h e  e l e c t r o f o r m  and mold and by 
mechanica l  f o r c e s  a p p l i e d  t o  t h e  attachmefits.  


