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ABSTRACT 

A small-size central-receiver-type solar energy collecting sys'tem 

delivering commercial. gr'ade steam is analyzed and a wind avoidance type 
, . 

heliostat designed, built, and successfully tested. The heliostat design 

' effort is described, including reflecting sbrface materials 'and measurements, 
. . 

optic considerations and .mirror ' field arrangements, mechanical analysis and 

fabrication techniques, and economics and cost .effectiveness. Measurements of ' 

. normal incident. solar energy at -Upton, N.Y., are reported and a method is 

proposed for estimating this input parameter for other locations proposed. . . 
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SECTION I 

INTRODUCTION 

For many years the "flat-plate" solar energy collector has been studied 

as the collector of choice for building heating and cooling systems. Special 

absorption-type air conditioning capable of operating with the low temperature 

thermal output of this collector is being evaluated. Many experiments are 

underway and others are planned. 

The flat-plate collector has economic drawbacks. Its high unit-area cost 

has made it uneconomical in today's market when seasonal heating is the only 

load and its low temperature output has made it a difficult energy source to 

adapt for cooling. Clearly a less expensive, higher temperature solar 

collector system is desirable. 

A concentrating type of solar energy collector has the possibility of 

fulfilling both the above requirements. Higher temperatures are easily 

obtained and reflective surfaces have the potential of being inexpensive on a 

unit area basis. What is required is the development of a concentrating 

collection system that preserves these advantages. 

The central tower collector configuration is proposed and is shown in 

Figure 1. This type of collector can become economically competitive if 

suitably developed, and has many technical and economic advantages : 

1. More energy is collected per unit area of collector. The 

projection of a unit area of mirror normal to the incoming solar ray is 

greater when averaged over the day than that of any stationary or trough-type 

collector. This advantage outweighs the loss of the diffuse solar 

radiation. 

2. The net energy collection efficiency is very high because. of the 

large concentration ratio. The area from which energy can escape by radiation 

and convection is much smaller than the area from which energy is collected. 



Figure 1. Artist concept of roof mounted 
_'bower-tower" solar energy collector. 

3 * A  



3. ' . . .Cooling .load's can;  be handled: wi th '  good e f f i c i e n c y  arid 'wi thout  

and f e d  "to e x i s t f n g )  one- ,.or-'.t&-stkge abso rp t ion - type  c h i l l e r s . .  
:> , 

4 .  I f  t h e  c o l l e c t o r  system is  s i z e d  t o  a c t  a s  an energy  supplement t o  

t h e  b u i l d i n g  r a t h e r  t han  t o  assume t h e  whole l o a d ,  t h e  c o s t  of energy  s t o r a g e  

can  be avoided.  

, 5.  The p roduc t ion  .cost '  pe r  u n i t  a r e a  of t h i s  type. of c o l l e c t , o r  ..should 

be l e s s  t han  t h a t  of o t h e r  c o l l e c t o r s .  Less m a t e r i a l  i s  r e q u i r e d  pe r  uni , t  

a r e a  of r e f l e c t o r  than  is  needed f o r ,  t h e  f l a t - p l a t e  c o l l e c t o r .  The c o s t  of 

the ,  motion mechanism .can be minimized. by p rope r  use  of modern p roduc t ion  

methods and of t h e  newly d e ~ e l o p e d  microprocessor - type  computer c o n t r o l .  

. .: , .  > '  

, S o l a r  energy  has  to .  d a t e  made l i t t l e  impact a s  an  ene rgy  sou rce  i n  t h e  . . 

world because  i t .  has. been unab le  t o  ?omPete f a v o r a b l y  w i t h  t h e  c o s t s  of ocher 

ene rgy  sources, .  I f  t h i s  compe t i t i ve  b a r r i e r  is  . pene t r a t ed  i n  a form t h a t  
. . 

y i e l d s  opera t . iona1  . . . c o s t  ' sav ings  , fo r  t h e  u s e r  and .  prof  i t .  f o r .  . . t h e  s o l a r  

equipment . manufac turer , .  . .energy d e r i v e d ,  from t h e  sun ,would t a k e  i t s  p lace ,  a s  a  

v i a b l e  energy. source . .  . . . .  . 

The s o l a r  s team supplement concept  is s p e c i f i c a l l y  . . des igned  t o  p e n e t r a t e  

t h i s  compe t i t i ve  b a r r i e r  i n  t h e  h igh  ene rgy  c o s t  a r e a s  of t h e  Nor theas te , rn  , 

p a r t s  of t h e  U.S. S o l a r  energy  is captured,  w i th  a  minimum of hardware which 
. . 

is  mass p r o d u c i b l e  and i n  a  form compat ib le  w i t h  the' @ x i s t i n g  h e a t i n g  and 

c o o l i n g  technology of t h e  a r e a .  Steam has  l ong  bee,n a. mode'of d i s t r i b u t i n g  

thermal  energy  i n  t h e  N o r t h e a s t ,  t h u s  t h e  r e t r o f i t  market  a s  w e l l  a s  t h e  new 

c o n s t r u c t i o n  market Is opened t o  s o l a r  energy.  

S o l a r  energy  c o l l e c t i n g  systems w i l l  f i r s t '  becbme economica l ly  f e a s i b l e  

i n  p a r t s  of t h e  coun t ry  where the.pr:oduc.t  of s o l a r  i n s o l a t i o n  and f u e l  c o s t s  

a r e  a t  a maximum. A t  t h e  p r e s e n t  t ime,  t h i s  maximum occu r s  a long  t h e  
. *  , ' ... . , 

m e t r o p o l i t a n    or the astern seaboard .  of  the"^.^. 'where f u e l '  c o s t s  have r i s e n  

d r a m a t i c a l l y .  



~ u c h  of t h e  o i l  imported i n t o  t h e  U .S. i s  consumed in.. the ,  Nor theas t .  I f  

s o l a r  energy were a g g r e s s i v e l y  and c o m p e t i t i v e l y  in t roduced  . i n  t h i s  r eg ion  of 

t h e  country, ,  p a r t l y  d i s p l a c i n g  the  consumption of o i l ,  i t  would f a v o r a b l y  

i n f l u e n c e  ou r  ba lance  of t r a d e  w i t h  f o r e i g n  n a t i o n s  and c r e a t e  an improved, 

independent  atmosphere f o r  i n t e r n a t i o n a l  r e l a t i o n s .  

S o l a r  energy i s  more abundant i n  t h e  summer months when b u i l d i n g  ene rgy  

l o a d s  a r e  dominantly f o r  coo l ing .  I f  a  s o l a r  energy c o l l e c t o r  system is  t o  be 

compe t i t i ve  w i t h  o t h e r  energy  s o u r c e s ,  i t  must hand le  t h i s  coo l ing  load  e f f i c -  

i e n t l y .  Here is where t h e  "power-tower" c o l l e c t o r  is  most e f f e c t i v e .  The 

'high ene rgy-concen t r a t ion  r a t i o  eas ' i ly  ob ta ined  by t h i s  c o n f i g u r a t i o n  gen- 

e r a t e s  h igh  tempera tLre  (350°F) steam. Th i s  h igh  tgmpera tu re ' s t eam can be fed  

t o  e x i s t i n g  one- o r  two-stage a b s o r p t i o n  c h i l l e r ' s  of conven t iona l  des ign  which 

d e l i v e r  a i r  r.nnrli t i rm!:.ng w i t h  a n .  c ~ c e c l l e n t  c o e f f l c l e n t  of p ~ r t n r m a n c e .  

 he powei.' tower t y p e  cb l l ' e c to r  c o n f i g u r a t i o n  has  been ';Jidely s t u d i e d  w i t h  
. . 

most of t he  e f f o r t  . d i r e c t e d  toward t h e '  g e n e r a t i o n  Q£ e lec t r i c  Dowe? on a 

u t i l i t y  s c a l e .  But t h i s  e f f i c i e n t  c o l l e c t o r  c o n i i g u r a t i b n  has  many 'o the r  

a p p l i c a t i o n s ,  of which some a r e  . e a s i e ~ r  t o  e n g i n e e r  and sonic may. 'be inore' . 

r e a d i l y . i c b e p t e d  o r  accep ted  it an e a r l i e r ' . d a t e '  i n  a  cos t -compet i t ive  inarket.  

A l l  a p p l i c a t i o n s  must be c a r e f u l l y  i n v e s t i g a t e d .  The fo l lowing  is  = ' b r i e f  

l i s t  of sdme 06 t h e s e  ' a d d i t i o n a l  a p p l i c a t i o n s  f o r  t he  pbwer-toGer cb l l e ' k to r  
J .  . . .  . . 

c o n f i g u r a t i o n .  
. . . . .  

APPLICATIONS 
+ .  

1'. Bui ld ing  h e a t i n g  and c o o l i n g  

a. C 1 . 1 1 d t ~ r  r e s i d e n t i a l  i 

b. . Commercial . I :  

c . .  I n s t i t u t i o n a l  

. . 
2. p r o c e s s  h e a t  (300"'. t o  1 0 0 O 0 ~ )  . .  

. . . .  ' . . .  .. , 

. . 
3. Generati.on of e l e c t r i c  power , . , . . .  

. .  . 

a. Comuiunity s i z e  , . .  . 

b. ~ k t i t u t i o n a l  s i z e  

c. Energy f eed  t o  p h o t o v o l t a i c  a r r a y s  



What a r e  t h e  dominant c o s t  f a c t o r s  i n  t h e  power-tower-type c o l l e c t o r ?  

The c o s t  'of t h e  f ' i e ld  of h e l i o s t a t s  r e p r e s e n t s  app rox ima te ly  70% of t h e  t o t a l  

sys tem c o s t .  It i s  t h i s  c o s t  t h a t  must be c a r e f u l l y  c o n t r o l l e d  and reduced, t o  

an  a c c e p t a b l e  va lue .  Wind, loore t han  any o t h e r  c o n s i d e r a t i o n ,  i n f l u e n c e s  t h e  

h e l i o s t a t  c o s t .  Without t h e  wind t h e  h e l i o s t a t  could be no th ing  more t han  a  

wire-suppor ted  r e f l e c t i n g  f o i l .  

a To minimize h e l i o s t a t  c o s t s ,  Brookhaven has  chosen a  wind-avoidance 

concept  w i t h  a  fold-down d e s i g n  which a l l ows  t h e  h e l i o s t a t  t o  be exposed t o  

t h e  wind on ly  under f a v o r a b l e  c o n d i t i o n s .  Energy is l o s t  by f o l d i n g  t h e  

h e l i o s t a t s  down du r ing  sunny, windy hour s ,  bu t  a n a l y s i s  w i l l  show t h a t  t h i s  

l o s s  is  a c c e p t a b l e .  I f  t h e  h e l i o s t a t s  were fo lded  down du r ing  a l l  hours  when 

wind speeds  a r e  . . above 15 mph, o n l y  5% of t h e  a v a i l a b l e  s o l a r  energy  a t  .Upton 

would be l o s t .  However, t h e  w ind - in so l a t i on  h i s t o r y  f o r  o t h e r  l o c a t i o n s  i s  

more demanding. H e l i o s t a t s  marketed i n  t h e  p l a i n s  s t a t e s  must be des igned  f o r  

h i g h e r  wind speeds .  The h e l i o s t a t  p r o t o t y p e  b u i l t  a t  Brookhaven has a 20-mph 

d e s i g n  c r i t e r i o n .  , . 
To permi t  a  l i g h t w e i g h t  suppor t  s t r u c t u r e  t h e  r e f l e c t i n g  s k i n  of t h e  

h e l i o s t a t  must f l e x ,  o t h e r w i s e  a r i g i d  and c .os t ly  back s t r u c t u r e  i s  r e q u i r e d .  

G l a s s  which can be 'made t o  f l e x ,  i f  l amina ted  from t h i n  s h e e t s ,  does  no t  

n a t u r a l l y  l end  i t s e l f  t o  t h i g  requi rement .  A good r e f l e c t i n g  p l a s t i c  f i l m  

would be i d e a l  i n  t h i s  a p p l i c a t i o n ,  i f  i t  can  be developed.  

There a r e  two problems i n  u s i n g . r e f l e c t i n g  p l a s t i c  f i l m s ;  s p e c u l a r i t y  and 

w e a t h e r a b i l i t y .  F i lms  when bonded t o  s u p p o r t i n g  s t r u c t u r e s  o f t e n  l o s e  

c l a r i t y  and show waves and o t h e r  sma l l  d e f e c t s .  These d e f e c t s  a l l  work t o  

r educe  t h e  s p e c u l a r  q u a l i t y  of t h e  s u r f a c e .  The 'development of a c c e p t a b l e  

r e f l e c t i n g  f i l m  was a  major  sub ta sk  of t h i s  p m j e c t .  



SECTION I1 . . 

.. HELIOSTAT PARAMETER LIST 

The fol lowing is a  summary l i s t  of inpu t  parameters used i n  th$s 

development project"and output parameters r e s u l t i n g  .from t h i s  work. 

1I.A. Parameter L i s t  

Ul t imate  o b j e c t i v e  

He1iosta.t , ,  . . 

Dish diameter.  - . > t . . - ~ n t e r f e r e n c e  c i r c l e ,  - .  

- ad.jacent un i t .  .,.. . ; , 

Fold down time 10 'minutes ,  
S t a r 1  prote 'c t ion '  ~ t . a l l a b l e  withoiit 

. . . ,dam,agc . 
S t a r t  up i n  'sr;oi load . Not spec i f  fed 
Dish weight-; no s k f n  ' ' ' '  '200 l'bs. ' 

Skin weight . . .  ! . .  . .. 50 l b s .  
. Mechanism weight 8'50 l b s .  

T o t a l  weight 1100 l b s .  

Wind 
. . .  . 

Ima'ge .on t a r g e t  ' . . . 25 mph' 
Wind. damage., . . , . .  : . 5.0.mph 

. . .  
Re.f igc t.ivi y' : : ' 

C o e f f i c i e n t  of re- . 88% . . 
f l e c t i v i t y ,  . . s o l a r  

.. I . . 
spectrum 

Specula , r i ty  . 0.75 m.rad 
Wea therab i l i ty  20 yea r s  

P r e s e n t .  des ign 

1 6 ' f t .  . 

19 f t ' .  
. .; . , .. . 

15 minutes 
i i ' t ~ l l u b l c  w i ~ i l u u t  

..damage . 
6  inches 
220 lbs: ' 

7.5 : lbs .  
1200 l b s .  
150Cl' l b s .  . . 

' ' 20 mph . . 

50 mph 

F ie ld  neSign 
shadowing: 

Worst h e l i o s t a t  
F i e l d  average,  yea r ly  

Of f -ax i s  o p t i c s :  
F i e l d  average,  yearly 

Combined shadowing/off-axio and o p ~ l c s  
e f f i c i e n c y :  

Worst h e l i o s t a t  
F i e l d  average,  yea r ly  

Current  h e l i o s t a t  f i e l d  design:  
H e l i o s t a t s  
Area / l l e l ios ta t  
T o t a l  r e f l e c t i n g  a r e a  
F i e l d  a r e a  

Packing f a c t o r :  

0.75 mrad 
6 yearo 

83% annual 
92% annual 

88% annual 



1 I . B .  Design E r r o r  Budget 

. . . . .  ~ o r t h  'corner . Mean 

Dis tance  t o  t a r g e t  1 6 5 f t . .  . . . - ,  85 f t .  
Target  s i z e  . . 5  f t .  d i a .  5  , f t .  ilia': .. 
Aiming p r e c i s i o n ,  t o t a l  15.1 mrad . . 35.0 mrad , .  

( h a l f  -angie) 
. . 

. . 

Ult imate  o b j e c t i v e  Present  des ign 
( h a l f  ang le )  ( h a l f  ang le )  

R e f l e c t i n g  s u r f  ace  ' 

s p e c u l a r i t y  
Skin  support  f l e x u r e  

wi th  wind 
Dish f l e x u r e  
Mechanical support  

f  i exuse  
T o t a l  f l e x u r e  
Rms f l e x u r e  
Angle t ransducer  e r r o r  
D i g i t a l  s t e p  
T o t a l  e r r o r s .  
So la r  width 

.'. T o t a l  ' (rms-sum) 

Avail'able f o r  af  f  -'axis 
. d i s t o r t i o n :  . 

. I 

Mean h e l i o s t a t  
North corner  . 

h e l i o s  t a t  

0.75 mrad' ' ' 0.75' mrad 
. . . .  ... 

- .  . . . . 
1.5 , . 2.0, 

. . 

7.25. mrad 10.75 mrad . 

4 .O 6.3 
1.5 ': 3  .O. 

.5 ' .. 1.5 . , 

6  .O 10.8 
5.2 - 

10.8 mrad , a  

5.2 . - 
. 116 .,l mrad . . .- . 



SECTION I11 

HELIOSTAT DESIGN CONSIDERATION ' 

The . des ign  and parameter  c h o i c e s  used i n  t h i s  development were i n f luenced  

.by v a r i o u s  de'sign c o n s i d e r a t i o n s .  The follo'wing is a ' d e s c r i p t i o n  of t h a t  

d e s i g n  p roces s .  
. . 

, 1 1 1 . A .  Wind 

The ac t ' i on  of t h e  wind on t h e  h e l i o s t a t  and i t s  e f f e c t  on t h e  h e l i o s t a t  

d e s i g n  a r e  t h e  major  f a c t o r s  govern ing  h e l i o s t a t  c o s t s .  I f  t h e r e  were no 

wind,  a  h e l i o s t a t  c2uld  be a  s imple  w i r e  s t r u c t u r e  covered wi th  r e f l e c t i n g  

p l a s t i c  f i lm .  Wind l o a d s  cause  t h e  h e l i o s t a t  d i s k  and suppor t  st r u c t u r e  t o  

f l e x ,  moving t h e  image o f f  t a ~ g e c .  ' to hold t h e  r equ i r ed  aiming accu racy ,  t h e  

h e l i o s t a t  must be des igned  t o  have t h e  n e c e s s a r y  s t r u c t u r a l  s t r e n g t h  t o  

w i t h s t a n d  s p e c i f i e d  wind loads .  M a t e r i a l  added t o  t h e  d i s k  and upper p a r t s  t o  

accommodate i n c r e a s e d  wind f o r c e s  i n  t u r n  i n c r e a s e s  t h e  l oad  t o  be c a r r j e d  by 

t h e  lower suppor t s .  T h i s  i s  an ampl i fy ing  p roces s  i n c r e a s i n g  t h e  m a t e r i a l  

. w6fght 'a-nd: u l t i m a t e l y  t h e  p rdduc t ion  c o s t .  

To produce a  l i g h t w e i g h t  d e s i g n ,  i t  was dec ided  t o  employ a  wind- 

avo idance  concept  i n  which t h e  h e l i o s t a t  was t o  be fo lded  facedown ou t  of t h e  

wind d u r i n g  hours  of h igh  wind speed.  By so  do ing ,  a  low wind-speed 

d e f l e c t i o n  c r i t e r i o n  could  be used which would r e s u l t  i n  m a t e r i a l  and c o s t  

s a v i n g s .  

To. test  t h i s  concept  and develop  ,the appra.ti.onal and J s ~ i g u  reqiilrement 

t h e  Meterology Group a t  Brookllaven was asked t o  a d d r e s s  Wind-Solar I r l s o l a t i o n  
, r e c o r d s .  The r e s u l t s  of t h i s  a n a l y s i s  wer6 t o  de te rmine  t h e  h e l i o s t a t  w i n d .  

speed  d e s i g n  c r i t e r i a  and i t s  o p e r a t i o n  s c e n a r i o .  Favorable  r e s u l t s  were 

o b t a i n e d  and a r e  reporCed i n  S e c t i o n  V I .  

111, B. Loading 

The wind - in so l a t i on  a n a l y s i s  , r e p o r t e d  i n  S e c t i o n  V I  shows t h a t  t h e  

h e l i o s t a t  need be ope ra t ed  o a l y  d u r i n g  t ime p e r i o d s  w i th  winds below modera te  

v e l o c i t i e s .  T h i s  p r e s e n t e d  an o p p o r t u n i t y  t o  c u t  c o s t s  by d e s i g n i n g  a  

l i g h t w e i g h t  suppor t  s t r u c t u r e .  



A motion  s tudy  of t h e  concept  was conducted.  The purpose of t h i s  s t u d y  

was t o  p r o p o r t i o n  t h e  l i n k a g e  mechanism, l o c a t e  t h e  p i v o t  p o i n t s ,  e t c .  

Three c o n d i s i t i o n s  were coqs ide red ,  a s  fo l l ows  : 

1. Loading produced by m i r r o r s  o n l y  ( i .  e . ,  no wind and no snow). 

2 .  Loading produced by m i r r o r  c a r r y i n g  6 i n c h e s  of snow up t o  t h e  

v e r t i c a l  p o s i t i o n  (no  wind). 

3. Loading produced by m i r r o r  w i t h  no snow r e s i s t i n g  a  50-mph wind 

f o r c e .  t 

Figu re  2 shows. t h e  ' p i v o t  p o i n t  l o c a t i o n  opt imized '  a s  a  r e s u l t  of t h i s  

motion s tudy .  ' T a b l e s  111.1 t o  111.3 summarize t h e  f o r c e s  , t h a t  r e su l t .  i n  t h e  
. . 

op t imized  c o n f i g u r a t i o n .  ' 



* 
IJigure 2 .  Heliostat design used in mption i i t i ~ d g ~  



' Table  111.1 

Condi t ion  of  ~ o ~ d i n g :  Mi r rp r  weight  Only 

. Mir ro r  Link 
P 0 4 i t i 9 n s  . t .. L,oa d , 

'1 b' ' degree's " ' 

. O .  1280 T 
. 8 

10 .,; ,.: . . 1399 T 

20' . . . . 11:416 T 
3 0 1372 T 

330-10' 1339 T 

3 5 . '  1317 T 

40 ,1244 T 

45 . 1158 T 

60. - 846 T 

90 " 228 T 

1 

. . 0 .  

i i 5 '  .. 83 c 
" 1'35. 456 C 

160 529 C . 

, l70.. . 1587 C 

' , 180 2268 C 

Mi r ro r  
. . Load, ., 

. l b  

Rider  

. . 
C = Compression. 

. T = Tension.  

+ = Force  t o  t he  r i g l ~ t :  

- = Force t o  t h e  . l e f t .  . 



Table 111.2 

c o n d i t i o n  of Loading: Mi r ro r  + Link + 6-in.-Thick 'snow* 
. . 

Mirror  
p o s i t i o n ,  

degrees ,  

Link Mirror  
l o a d ,  l oad ,  

l b  - l b  

3 0 1 0 T  . 2455 C 

3287 T 2938 C 

3328 T 3188 C 

3226 T 3289 C 

Kider ' 

l o a d ,  
l b  

+ 2353 

+ 2919 

.I .  3152 

+ 3200 

* Snow d e n s i t y  = 6 1 b / f t 3 . '  

C = Compressinn. 

T = Tension.  

+ = Force  t o  the  r i g h t .  . 
- = Force  t o  t h e  l e f t .  



Table  111.3 

Condi t ion  of Loading: Mi r ro r  Weight + Link + Wind* 

Mi r ro r  
p o s i t  i o n ,  

deg rees  

0 

10 

20 

30 . ,  

33"lO' 

T o t a l  
p r e s s u r e  
on m i r r o r ,  

l b  

Link 
l o a d ,  

l b  

Mi r ro r  
l o a d ,  

l b  

Rider  . 

l o a d ,  
l b  - 

+ . l o o 1  

+ 2005 

+ 2787 

+ 3138 

+ 3156 

+ 3144 

+ 3029 

+ 2867 
. . . I ;. + . I 1 3 6  . .. 

- 80 .. . ... 

0 

- 33 

960 1158 C 774 C - 368 .. , 
623 1316 C 1333 C - 1070 

0 See Cond. I See Cond. I . , 

* C a l c u l a t i o n s  assume wind a t  50 mi l e s /hour  blowing .above the  mi r ro r .  For t h e  
c o n d i t i o n  i n  which wind a t  t he  same v e l o c i t y  blows below. t he  m i r r o r ;  t h e  
maximum normal p r e s s u r e  i s  1.70 t imes  t h e  p r e s s u r e  on the  m i r r o r  a t  90" 'and 
a c t s  t o  r a i s e  t h e  m i r r o r  r a t h e r  t han  dep res s  i t .  

C = Compression, 

T = Tension.  ' 

+ = Force  t o  t h e  r i g h t .  

- = Force t o  the l e f t .  



Using the  wors t  c a s e  l o a d s  t aken  from t h e s e  t a b l e s  and t h e  a l lowab le  

d e f l e c t i o n  a s s igned  v i a  t h e  Design E r r o r  Budget ( s e e  I I .B) ,  an eng inee r ing  

d e s i g n  was developed.  The r e s u l t i n g  suppor t  s t r u c t u r e  des ign  is  shown. i n  

F i g u r e s  3 ,  4,  and 5. 

To a i d  t h e  des ign  a c t i v i t y ,  a t a b l e  model of t h e  h e l i o s t a t  was b u i l t  and 

s t u d i e d .  Views. of t h i s -  model a r e  shown i n  F igu res  6 ,  :7 ,  and 8'. 

1 I I . C .  M i r r o r  P a n e l  D e f l e c t i o n  

The d i s h  sup,p'ort ' s t r u c t u r e  ' g ives  edge suppor t  t o  t h e  r e f l e c t i n g  -. . . . 

m i r r o r  f a c e t s .  Wind f o r c e s  on t h e s e  m i r r o r  . . f a c e t s -  wci.11. c ause .  t he .  i n d i v i d u a l  

f a c e t  t o  a i t e = ' i t s  f o c a l  ler igth and t h e  ,mechanical  s t r e n g t h  of t h e  m i r r o r  

f a c e t  must be s u f f i c i e n t  t o  .hold th2S fo 'cal  l e n g t h  change w i t h i n  l i m i t s .  
. . .  . . 

The l a r g e s t  ~ ~ n s ~ j p p o r t e d  a r e a  i n  . t E e  r e f l e c t i n g '  d i s h  s t r u c t u r e  is 'a s e t  of 
,. . 

I ' 

t r apezo ida l - shaped  r eg ions  near  t he  o u t e r  edge. FOP d'ef lecc ir~r~  c u ~ u p u t a t i o n ,  

t h e  shape  of t h i s  r e g i o n  y i l l  be appr,o~im.ated by a  r e c t a n g l e  measuring 32 x 42 . , . . . . ,  . . 
i n c h e s .  , . , .. 

Using , t he  2-mrad a l lowab le  a n g u l a r  d e f l e c t i o n  ' a s s igned  i n  the Erzur 

Budget '( 1.1. B) f o r  ' the  r e f l e c t i n g  s k i n , .  . the  c e n t r a l  d isp lacement  (ym) ,can be 
, /. : ' comput ed  .' 

where 
1 ,  

y, = c e n t r a l  dispPaceo~euL, 

d = maximum .angular  d e f l e c t i o n  a l lowed,  2  m i l l i r a d i a n s ,  . 

d - m a l l  3 idc  of r o c t a n g l e  = 1 7  inr.hes. ' 

, . .. .,. 
Theref  ore, y, * 16 x 10-3 i nches .  

  he & q u a t i i n  ' f o r  ' d e f l e c t i o n  of .an edge-supported r e ~ t a r i g u l a r  s&t is '  
.:. . .  . , . , ;. . .,.. . , 

g i v e n  i'n.:Maclils Mechanical  : ~ n g i n e e r i n g  Handbook, pp. 5-67, 69, a s :  . . >  
. . , . 

where / .. 

ki - 0.0705 - Mark1 a handhook, r e f e r e n c e  ahove, 

w = uniform p r e s s u r e ,  p s i ,  , 



r = smal le r  s i d e  of r e c t a n g l e ,  

t = th ickness ,  . . . . 

, E = Young's modulus. 

Imposing the  fo l lowing s e t  of parameters ,  the  s t i f f n e s s  q u a n t i t y  ~t~ 
.. . . . 

can be computed: , ' . . -, . . . . .  . 
. . 

s .  . . 
kl = 0;0705,. . . . 

w = 1.11 l b / f t 2  = 7'.7 x 10-3 p s i  ( p r e s s u r e  of. wind a t  20 ' 
, . . .  

mph)', ' 

r = .32 inches ,  

ym = 16 x 10-3 inches .  
' 

There,f o r e ,  
. . 

, ~ .  

. . ~t~ = 3.5 x 104. . . ' . j  . . 

This  q u a n t i t y  i s  a measure of panel . s t i f f n e s s  a g a i n s t  wh'ich t e s t  samples 

can be measured in '  a  ' s imple  point  loaded beam t e s t .  ~ e f  l e c t i o n  of t h i s  s imple  

beam i s  given by , . 

where . . 

W = p o i n t  load,  l b ,  

-g' =. l eng th  between suppor'ts , 
E = Young's modulus, 

f  '= d e f l e c t i o n ;  

and 

where 

b = width of t e s t  p iece ,  

t =' th ickness .  . , 

From t h e  above we d e r i v e  . 



:E D O W N )  

Figure 3. Heliostat prototype design, side 
and plan view. 
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Figure 4. Heliostat dish design. 



Figure 5 .  Drive platform assembly. 



Figure 7. Heliostat model - folding action. 



Figure 8. Heliostat model - stowed position. 



S e t t i n g  s t a n d a r d  t e s t  c o n d i t i o n s  a s  f o l l o w s ,  

2 = 62 i n c h e s ,  

b  = 12 i n c h e s ,  

. t h e  d e f l e c t  iorr/f o r c e  r e l a t i o n s h i p  becomes 

I n s e r t i n g  t h e  p r e v i o u s l y  determined va lue  of ~t~ of  3.5 x l o 4 ,  we g e t  

f o r  t h e  e l a s t i c  d e f l e c t i o n '  of t h e  chosen t e s t  samples.  
, .  , 

A s e r i e s  of t e s t  suppor t  'packages .  were assembled and d e f l e c t i o n  t e s t s  

made. The i n t e r e s t i n g  c a n d i d a t e s  from t h i s  s e t  a r e  shown i n  F i g u r e s  9 t h rough  

12. 

These samples were s u b j e c t e d  t o  a  s imple  beam d e f l e c t i o n  t e s t  d e s c r i b e d  

above and shown i n  F i g u r e  13. The d e f l e c t i o n  was measured wi th  a d i a l  gauge 

and weights  were used t o  supply  t h e  t e s t  f o r c e .  The f o r c e  was cyc l ed  s e v e r a l  

t imes  and a  mean d e f l e c t i o n  determined.  

A f o r c e  d e f l e c t i o n  curve  was p l o t t e d  and r e s u l t s  were smoothed. Typ ica l  

r e s u l t s  a r e  shown i n  F i g u r e  14. 

A l i s t i n g  of a l l  samples t e s t e d  and a  b r i e f  s t a t e m e n t  of r e s u l t s . .  

f o l l ow.  

1. Sample "A" 

Weight is  222.5 grams,  ' s i z e  is  12-718 x  12-718-in. Cons t ruc t ed  of 0.013 
. . 

aluminum on bo th  s i d e s  of  112-in. Styrofoam. Epoxy mix tu re  was Epon 815 r e s i n  

and V40 c u r i n g  agen t  213 t o  113,  r e s p e c t i v e l y .  Average d e f l e c t i o n  a t  500 

grams is  0.016 inches .  



.010 ALUMINUM 
ION GRADE STYROFOAM 

,002' ALUMINIZED POLYESTER FlLM 

Figure 9 .  Lightweight p l a s t i c  mirror anscmbly 
symmetrical package. 

REFLECTING 
SURFACE vL.005 .002 ALUMINIZED KRMTpApER . 

POLYESTER FlLM 

\ . 0 2 0  ALUMINUM 
3/4" CONSTRUCTION GRADE 

ED POLYESTER FlLM 

Figure 10. Lightweight p l a s t i c  mirror assembly 
symmetrical package. with kraft paper. 



3,4.. ,STRUcTl, 

. 020  ALUMINUM 606116 
.032 MICARTA 

606116.  

GRADE 'STYROFOAM 

\.002 ALUMINIZED POLYESTER FILM 

Figure '11. Lightweight plastic mirror, assembly ' 

with .Micarta. 
. . 

REFLECTING 
SURFACE 

." C . 
% > 

I . >  . 
Figure 12. Lightweight plastic mirror a%$5m$ly 

asymmetrical package. , 
, . I  

. . 
... ... . . . .. ." ., 

CE~TROID 
. LOADING 

4 - _--- 
. . 

LINE t -------fy-- LINE 
SUPPORT' SUPPORT . 

Figure 13. Deflection test. 



POUND* 

Figure 14.  De f l ec t i on  t e s t '  r e s u l t s .  



. . 2. Sample "B" 
. . 

. . 
Weight is 115.grams.,  s i z e ' '  is 14 x 10 . i n .  Cons t ruc t ed  . o f  1-112-in. 

f i b e r  g l a s s  s t r i p s  burlded to both s i d e s  o f  112-in. s tyrofoam w i t h  815 r e s i n  

and V40 c u r i n g  a g e a t  inixed 60 p a r t s  t o  40 p a r t s ,  r e s p e c t i v e l y .  Average 

d e f l e c t i o n  a t  500 ,  grams is, 0.0037 i n c h e s .  

3. Sample "C" 
. . 

Weight.  i s  141 grams,  s i z e  i s  8 x 12' i n .  c o n s t r u c t e d  of 0.005 s t a i n l e s s  

s t e e l  on both  s i d e s  of  112-in. ~ t ~ r o f o a m .  Epoxy was Epon 815 r e s i n  and Epon f' 

V40 c u r i n g  agen t .  ~ i x t u r e  was 213 t o  1.13, . r e s p e c t i v e l y .  ~ v e r a g e  d e f l e c t i o n  

a t  500 grams is  0.0027 - i n c h e s .  

4. . Sample "D" 

Weight is 74 grams,  s i z e  i s  6 x 14 i n .  Cons t ruc t ed  of 0.013 aluminum on 

bo th  s i d e s  of c o n s t r u c t i o n  t y p e  Styrofoam. Bonded w i t h  Epon 815 r e s i n  and V40 

c u r i n g  agen t  w i th  a mixture.  of 3 p a r t s  t o  1 p a r t ,  . r e spec t ive ly . -  Average . 

d e f l e c t i o n  a t  500 grams is 0.0045 i n c h e s .  
. . 

5. Sample "F" 
. , . , 

Weight ' i s  286.7 grams,  s i z e  is  14 x 12 i n .  c o n s t r u c t e d  'of 0.010 
. . 

aluminuni on both  s i d e s  of"..3/4-in. ~ t ~ r o f o a m .  Borided .w i th  Epon 815 res'in and 

Epon V40 c u r i n g  agen t  mix tu re  of 50150 w i t h ' 3 0 %  amorphous s i l i c a  f i 1 l e - i  added. . 
. , . . 

Average d e f l e c t i o n  a t  '500  is 0.001'8 i nches .  
. .  . 

6. Sample "G" . . .. . 

. . 
Weight is 354 s i z e  is 12 k 12 i n .  Cons t ruc ted  of 314-in. Styro-  

. . - 1 .  : 

foam w i t h  0.010 aluminum on one s i d e  and 0.062 Mica r t a  on t h e  o t h e r  s i d e .  

Bonded 'wi th  Epon 815 ' r e s i n  and E ~ O *  ~ 4 0 '  mixed 50150 ' p a r t s ,  ' no " f i l l e r  added. . . . .  

Average d e f l e c t i o n  a t  500 grams i s  0.0009' i nches  aluminum s i d e  up . and  0.0011 

i n c h e s  Micar ta -s ide  up. 

Weight i s ' 4 1 9  grams,  s i z e  is 12  x 12 i n .  Cons t ruc ted  of '112-in. Styro-  

foam, w i t h  0.010 aluminum on one s i d e  and 0.062 Mica r t a  on t h e  o t h e r  s i d e .  



Bonded'with Epon 815 r e s i n  and V40 c u r i n g  agent 50150 p a r t s ,  30% amorphous 

s i l i c a .  added t o  mixture.  ~ v e r a ~ e  d e f l e c t i o n  a t  500 grams is'-0.001 2 inches  
. . . . .  . . "  . . . . 

t . . . . .  
aluminum-side up and 0.001 inches  M i c a r t i  s ide ,  up. 

. 

.. z 
I .  . , . . . : I .  .. ; . 

8. sample .'~.:i" :-. Heat Tes t  Sample . . . 

Weight is 410 grams, s i z e  12 x 12 iri .  .Const ructed of .0.01@ aluminum, . . 

112:i.n. Styrofoam, and 0.062 Micarta.  Epoxy mixture was Epon 8 2 8 , r e s i n  and . . 
V40 'curing agent  mixed 50150. Average d e f l e c t i o n  a t  500 grams is 0.0019 

. . . . . . 

inches  aluminum s i d e  up ?nd 0.0013 inches  Micarta s i d e  up. ' 
: . . . . . .  . . .  . . . . 

. ~ 

, 9 .  ,Sample "J". - B e a t  ~ e s t :  isampie (Same a s  Sample. " G ' : )  

Weight is 376.5, s i z e  i s  12 x 12 i n .  Const ructed.  of '0.610 alumindm, , 

314-in. Styrofoam,' and 0.062 Micarta.  .Bonded wi th  Epon 828 r e s i n  and V40 

c u r i n g  agent mixed 50150. Average d e f l e c t i o n  a t  500 grams is 0'.0013 inches  
. . 

aluminum ' s ide  4 and '0.00b8 'inchef . . . .  Micarta ... h i h e  up. 
' 

.. ..i . . .  . .. . . ... . ,  ' .  . . _. ' . .  . 3 , s .  . . 

1 0  , .<Sample .,':K",.,-. D e s t r u c t i o n  Test  Sample (Same. a s ,  Sample " J" ). ,, , 

weight'  is 372.5 grams,'. s i z e  is 1 2  ~'1'2. in: Construdted of 0.010. ' . 

aluminum, 314-in. Styrofoam, and 0.062 Micarta.  Bonded wi th  Epon, 828 r e s i n  

and V40 c u r i n g .  agent mixed 50150. Average d e f l e c t i o n  a t  500 grams is. 0.0011 . . . . . . . .  
f 1. . ., .,. , . . . . . .  

i n c h e s  . . alumi&@ s i d e  up , and . . 0 . 0 0 1 ! i n c h e ~  Miearta s i d e  up. . 
: . :  : . .  

Sample K 'was . ,subjected t o  very l a r g e  f o r c e s  i n  a* a t tempt  t o  f ind  its . t . . .  \ I . .  '. . . . . . . . .  -. . . . , : ,  ' . I .  :. . _  . . .  . A .  ,. ( . . ., . . : I 

. 

d e s t r u c t i o n  l i m i t .   able 111.4 ' i s  a record of t h a t  t e s t .  
S . ' ,  ' . . .  . . .  . ,  . . ' . - 

: :.I 

. . : ,  . .  . . . . . .  , . '  
11. Sample "L" - Des t ruc t ion  Tes t  Sample (Same a s  Sample "I") 

Weight is 407 grams, s i z e  is 12 x 1>2 i n .  Corlgtructed of 0,010 aluuiil~luui, . , . . .  . . . ? r :  . . .  . . . . i  ; , . " 

112-in. Styrofoam,  "and 0.062 ~ i c a r t a .  , ~ o n d e d  ' w i t h  ~ ~ 6 n '  828 r e s i ?  +nd' V40 
3 ;  . ' , . . . .  .. -:. . :.ji . . , ,  ,. . . . .  n .. , 

c u r i n g  agent !ixed 50150.' Avgrage def l e i l i o n '  a t  500 grams :"as 0.0014 inches  
. . .  . - . . .  . . . : . . .  . . . ' I !  " 

: 
Y 

. > 

aluminum s i d e  up and 0.0016 , inches  Micar ta , . s ide  up. . . . .  , > .  , . . . .. , ,  * ' :  1 ;  . :, . . . ,  

12. ' Sample "M" 

Same as  "F" except  0.020 aluminum was used. Average de f l ec t i ,on  at  500 

grams i s  0.0005 inches.  . .  . . . . .  . . . . . .  . , . . . .  ; , . . . . . .  . . 
, .  . .> 8 . . . . . . ' . . . .  , '/ . '. . ;; .. ':, 



.. . 
Table  111.4 

. Sample ~ " ( ~ e s t r u c t i o n  T e s t )  . .  . 

Sample was edge suppor ted  a long .  two opposing s i d e s  spanning a.'lO-112-in. 

gap.  d po in t  load  was a p p l i e d  t o  , t h e  . c e n t e r .  of sample.. 

Load ( l b ) .  "Def l ec t ion  

2 5  . ' ,  0.009 

50 0.015 

.. . .  . . : .  , . 
Note: A t  425 l b ,  sample d i d  not  show any signs of d e s t r u c t i n g .  T e s t  was 

.~ : 
s topped f o r  S a f e t y  reasons .  ' 

. . .  C j  . . . a 



1 I I . D .  M i r r o r  C o n s t r u c t i o n  

I I I . D . l .  F a b r i c a t i o n  Method 

A model shop type  p roduc t ion  method f o r  manufac tur ing  r e f l e c t i n g  panel's 
. . . . 

evo lved  through a  t r i a l  and e r r o r  p r o c e s s .  Th i s  p roces s  was developed t o  . . 

produce t h e  l i m i t e d  q u a n t i t y  of pane l s  n e c e s s a r y  t o  equ ip  t h e  p ro to type  
. . 

h e l i o s t a t  (28 p a n e l s )  and f o r  a s s o c i a t e d  t e , s t  and e v a l u a t i m .  A h i s t o r y  of 
. . 

" e a c h  pane l  manufac tured  is p re sen ted  . . i n  S e c t i o n  III.D.3. The manufac tur ing  

method d e s c r i b e d  is . s imple  .and r e a d i l y .  a d a p t a b l e  t o  automation.  

The f i r s t ,  s t e p ,  i n  t h e  manufac ture  of a  r e f l e c t i n g  'pane l  is accomplished . 

i n  a nominal ly  d u s t - f r e e  environment  s i n c e  d u s t  p a r t i c l e s  on. t h e  o u t e r  s u r f a c e  
. . 

of  t h e  p l a s t i c .  f i l m  cause  sma l l  bu t  n o t i c e a b l e  i m p e r f e c t i o n s  i n  t h e  r e f l e c t i n g  
. . 

s u r f a c e .  The amount .of energy  s c a t t e r e d  by t h e s e  blemishes i s  small, and i.n 

g e n e r a l  no t  measu rab le ,  b u t  t h e  a e s t h e t i c  appearance  of t h e  r e f l e c t i n g  s u r f a c e  

is u n d e s i r a b l e .  . T h i s  d u s t  f r e e  room is air cond i t i oned  f o r  h e a t  removal and 

i s  s e p a r a t e d  from t h e  o t h e r  work a r e a s  by a  s e t  of double doors .  
. .  . .  

The f i l m  a s  it a r r i v e s  from t h e  manufac tu re r ,  Dunmore Corp., is  r e l a -  
. - 

t i v e l y  d u s t  f r e e  and ,most of t h e  d u s t  accumulated on t h e  f i l m  du r ing  hand l ing  

a t  Brookhaven is ,  probably  due t o  e l e c t r o s t a t i c  a t t r a c t i o n .  Minimizing the, 

e x p o s u r e  t i m e  of t h e  f i l m .  s u r f a c e  t o  t h e  environment  i s  e f f e c t i v e  i n  reducing  

dust-caused b lemishes .  For  t -h i s  r ea son  t h e  r o l l  of r e f l e c t i n g  f i l m  is l o c a t e d  

a d j a c e n t  t o  t h e  f i r s t  t o o l  where i t  can be r o l l e d  o u t . a n d  put  down r a p i d l y .  
. - 

The f i r s t  t o o l ,  work s t a t i o n  1, is .a s h e e t  of f l o a t  . g l a s s  r e s t i n g  on a  

f l a t  t a b l e .  T h i s  g l a s s  p l a t e '  forms a  s u r f a c e  of o p t i c a l  q u a l i t y  a g a i n s t  which 

t h e  r e f l e c t i n g  p l a s t i c  f i l m  is he ld  d u r i n g  the bonding and c u r i n g  p roces s .  I n  
I 

. , 

p r e p a r a t i o n  f o r  hanuf a c t u r e  t h i s  g l a s s  s u r f  a c e  is c a r e f u l l y  c l eaned  and wet ted  

w i t h  a  l i q u i d ' s o a p  s o l u t i o n ,  9 p a r t s  wa te r  t o  1  p a r t  l i q u i d  spap.' 

The o u t e r  o r  ove rcoa t ed  s i d e  -of t h e  . .  f i l m ,  . which w i l l  become t h e  r e f l e c t -  

i n g  s u r f a c e  of t h e  f i n i s h e d  p roduc t ,  i s  p l aced  facedown again.s,t , t he  g l a s s  . 
. . 

t o o l .  The f i l m '  is t h e n ,  c a r e f u l l y  squeegeed t o  remove t h e  exces s  soap 

s o l u t i o n .  Care must be e x e r c i s e d  i n  t h i s .  s t e p  t o .  remove a l l  exces s  soap  

s o l u t i o n  , s i n c e  any remain ing  unremoved e x c e s s  will.c.ai.ise . a  wavy appearance  i n  

t h e  f i n i s h e d  product .  



The l i q u i d  soap and water  s o l u t i o n  s e r v e s  t o  hold t h e  f i l m  f i r m l y  and 

o p t i c a l l y  f l a t  a g a i n s t  t h e  g l a s s  s u r f a c e  d u r i n g  t h e  manufac tur ing  p roces s .  

A f t e r  comple t ion  of t h e  squeegee o p e r a t i o n ,  t h e  f i l m  is  triuiued t o  s i z e .  The 

f i l m  and g l a s s  p l a t e  a r e  l i f t e d  from work s t a t i o n  1 and moved t o  a n o t h e r  f l a t  

t a b l e  which forms work s t a t i o n  2. A dam made of Styrofoam s t r i p s .  is p laced  

around t h e  p e r i m e t e r  o f  t h e  mirrdr t o  con' tain any e x c e s s  over f low of t h e  

l i q u i d  epoxy bonding agen t .  The remaining exposed j i g  s u r f a c e s  a r e  now coa t ed  

w i t h  an epoxy r e l e a s e  , a g e n t  t o  f a c i l i t a t e  c l e a n i n g  and . r e u s e .  . 

) .  

An epoxy ba t ch  compounded of ' t h e  fo l l owing  m a t e r i a l  is  prepared .  
. . 

6.8 p a r t s  of number 815 S h e l l  Epon r e s i n  : 375 grams 

2.3 p a r t s  of number 871 S h e l l  Epon f l e x e r i z e r .  125 grams, 

0.9 p a r t s  of . d i e t h y l e n e - t r i a m i n e  ha rdene r .  50 grams 

T o t a l  550 grams 

Th i s  epoxy w i l l  be used t o  bond t h e  nex t  l a y e r  of t h e  suppor t  pane l ,  a  

. M i c a r t a  s h e e t ,  t o .  t h e .  r e f l e c t i n g  f i lm .  Care must be. e x e r c i s e d  t o  p reven t  a i r  

pocke t s  i n  t h i s  bond, s i n c e  such pocke t s  w i l l  produce s i z a b l e  d e f e c t s  i n  t h e  

m i r r o r  p roduc t .  The a i r  pockets  a r e  e l i m i n a t e d  by c a r e f u l l y  r o l l i n g  t h e  

Mica r t a  s h e e t  i n t o  t h e  bonding m a t e r i a l .  A c o a t  of t h e  epoxy prepa . ra t ion : i s  

brushed on to  t he -  f i l m  s u r f  a c e  s t i l i  .being he ld  .facedown . aga ins . t  t h e  g l a s s  . t o o l  

by t h e  l i q u i d  soap s o l d t i o n .  Th i s  c o a t  is i n s p e c t e d  t o  i n s u r e ,  complete  

we t t i ng .  Excess  epoxy mix is poured ove r  t h e  . " s t a r t  edge" of t h e  . r e f l e c t i n g  

f i l m  and a p rec l eaned  .and sanded .Micar ta  s h e e t  brought  i n t o  . c o n t a c t .  w i th  t h e  

r e f l e c t i n g  f i l m .  a long  t h i s  . edge. The remainder  of t h e  s h e e t  is t e m p o r a r i l y  , 

he ld  above t h e  work t a b l e  cu rv ing  upward. The e x c e s s  *e3oxy should  form a v o i d  

f r e e  wedge between t h e  r e f l e c t i n g  f i l m  and t h e  Mica r t a  s h e e t ,  i f  n o t ,  addi-  

. t i o n a l  epoxy is added t o  produce t h i s  wedge. Once t h e  epoxy wedge is formed, 

t h e  remainder  of t h e  Mica r t a  s h e e t  is  r o l l e d  down s lowly  advancing and squeez- 

i n g . t h e  epoxy wedge. Again, c a r e  is e x e r c i s e d ,  t o ~ a v o i d  t r a p p i n g  a i r  i n t o  t h e  
? 

wedge. P roduc t ion  t o o l i n g  wi th . .  c o n t r o l s  on t h e  r o l l i n g .  speed should  re- 

p e a t e d l y  produce a  good p roduc t .  . A t  Brookhaven-some :p roduc t .  was l o s t  because  

of en t rapped  a i r  pockets  . r e s u l t i n g  f.rom use  of t h e  .hand-cont ro l led  procedure .  
. . 

With t h e  Mica r t a  s h e e t  f i r m l y  i n  p l a c e ,  t h e  assembly i n c l u d i n g  t h e  g l a s s  t o o l  

i s  moved t o  work s t a t i o n  3.  



Work' .stat ion 3  i s  a heavy wooden tableI i ,ke  s t r u c t u r e  wi th  a  114-inch- 

t h i c k  aluminum top t h a t  has been. shimmed t o  have. a  convexed 300 foo t  r ad ius  of 

c u t v a t u r e  .- The g l a s s  p l a t e  .carry.ing the  ref  lec t - ing f i l m  and Micart,a #shee t  is  

placed on t h i s  curved j ig '  g l a s s s i d e  down. ..The yei.ght of the  g l a s s  .and , . . 
assembly is no t  ye t  s u f f i c i e n t  t o  f o r c e  . the g l a s s .  t o  con.form . t d ,  the  ji.g , . . 

L. 
. , 

c u r v a t u r e  but w i l l  be forced t o  do so- i n  a  l a t e r  s t e p .  .The- g l a s s  is  . -  

s u f f i c i e n t l y  . . e l a s t i c  . in  t h i s  th ickness  (1.14 , inch)  - t o  conform. .. . . . 

The remaining l a y e r s ,  of t h e .  support  package which have been ,cleaned and. 

sanded a r e  -epoxyed .and s tacked i n t o  . The remdval of . a i r  pockets is no 

longer  v i t a l ,  but  r e a s o n a b l e . c a r e  i n  workmanship should be exerc i sed .  The 

bonding agent used' i n  assembling these  l a s t  l a y e r s  con ta ins  i n  a d d i t i o n  t o  the 

p rev ious ly  l i s t e d  i n g r e d i e n t s  500 grams of aluminum oxide f i l l e r  t o  inc rease  

t h e  epuxy s t r e n g t h .  

A f t e r  a l l  elements of t h i s  sandwich a r e  i n  pl,ace, an epoxy par.ting -.sheet 

(Tef lon)  and the  j ig .  top p l a t e  a r e  l a i d  i n  p lace .  On t h i s  t0.p p l a t e ,  l.ead 

weights  a t e .  placed i n  a  predetermined partern., - Tllis weight and p a t t e r n  . :. . 
. . 

arrangement is engineered t o  f o r c e  the  e n t i r e  assembly, g l a s s ,  sandwich, top  

p l a t e ,  'e tc.  t o  conform to. t h e  convexed j i g  surface.., The assembly is allowed . . 
t o  c u r e  f o r  24 hours a f t e r .  which the  mi r ro r  assembly. is removed and the  

. . 
t o o l i n g  recycled.  

Dur'ing the  course  of development, cons t ruc t  i o n  d e t a i l s  were v a r i e d , .  

sometimes. i n  response t o  observed d i f f i c u l t y  and a t .  o t h e r  t imes.  to. t e s t  .. ' 

dxf f  e r e n t  procedures.  A d e t a i l e d  h i s t o r y  of t h i s  development process i s  ;, 

presented in !br.tl.on lll.U,?, . ' , , 1 .  

Brnm t h i ~  . tr ial  and e r r o r  two. success~fu l .  product. des igns  evolved.. 'The 

pi 'ocesi  descr ibed above and . i l l u s t r a t e d  i n  F igure  .11: y i e l d s  a  mi'rror with . . 

b e t t e r  spe 'culari ty.  ~ h b  mi r ro r  i l l u s t r a t e d  i n  ' ~ i g u r e  10 i s  l h s s  cost-  

l y  t o  manufacture and has adequate s p e c u l a r i t y  ( (1  m i l l i r a d i a n )  f o r  athe smal l  

tower a p p l i c a t i o n  s tud ied  by a brook haven. To produce t h i s  package,t LIIV Mi,carta 

s . h e e t  is removed and .replaced'  by an cpoxj.-paper. l a y e r .  The func t ion  of : th is  

l a y e r  is t p  b u f f e r  .the . r e f  letting f51m from the  aluminum :sheet .  Without 

. . 



t h e  b u f f e r i n g  l a y e r  i m p e r f e c t i o n s  on t h e  aluminum d i s t o r t  t h e  . r e f l e c t i n g  . ' . 

s u r f a c e  and impa i r  t h e  - s p e ' c u l a r i t y .  , . . . . .. . . . . . . . 
T h i s  epoxy-paper. l a y e r  is formed by c a r e f u l l y  w e t t i n g - , a l l  s u r f a c e s  w i th  

' 

. ... . . 

epoxy and p lac ing .  t h e  paper  ,.on t h s  r k f i e c t i n g  f i l m  ' s u r f a c e  a t  work s t a t i o n  2. 
: ' , '  . , : . o  . . -  

The nex t  p a c k a g e e l a y e r ,  , the  0.02.0-inch aluminum s h e e t ,  must be assembled w i t h  
: I +  . .  . . , 

t h e  same ro l l -on  t echn ique  a s ,  p r e v i o u s l y  d e s c r i b e d  f o r  t h e  Mica?ta s h e e t ,  A l l  

o t h e r  manufac tur ing  s t e p s  are. unchanged. . , , 

The f i n a l  manufac tur ing  o p e r a t i o n  is t h e  s e a l i n g  of a l l  m i r r o r  p a n e l  

edges .  T h i s  i s  a,ccomp,lished by r o u t i n g  a  sma l l  groove a long  t h e  edge of t h e .  
. . . . . , ,  

Styrofoam a d j a c e n t  .to both  . .of t h e  aluminum l a y e r s  ( f r o n t  and back) and f i l l i n g  . . . , 

t h i s  groove w i t h  a  c a u l k i n g  component..' The fo l lowing  two compounds have . - : 
I .  

.. . . . ' Z  

s u c c e s s f u l l y  u n d e r g o n e . a , b r i e f  l i f e  t e s t  c o n s i s t i n g  pf 50 f r eez ing - thawing  
. . , . . .  

c y c l e s .  . . . .. ., 
. - 

1.  S i l i c o n  Seal. manufactured by t h e  Gene ra l  E l e c t r i c  Corpo ra t ion .  

2.. Bu ty l e  rubbe r  . -  cau lk ing  , . compound made by ,DAP' Inc .  An e i g h t  ho,ur 
. I ;  ' \ . .  . . 

c u r i n g  t ime is  r e q u i r e d  i n  both  ca ses .  , 
. . , . . . . . 

. ' I . .  . . . . i . _  . . 
III,.D.2. Problems and S o l u t i o n s  

a.. Orange P e e l  E f f e c t  

. . , . . . 
. . 

O c c a s i o n a l l y  a r e f l e c t i n g  s u r f a c e  would appea r  pock-marked, s i m i l a r  .i,n . 

appearance;  t o  t h e  s u r f p c e  of an  orange.  Two causes  of t h i s  appearance  were  
3 .  . 

i d e n t i f i e d  though, t h e r e  may be o thers , .  I f  exces s  soap s o l u t i o n  was, a l lowed t o  
.. < ; . 

remain between t h e  - p l a s t i c  f i l m  and t h e  g l a s s  t o o l ,  s u r f a c e ,  i t  'would f o p  i n t o  
. : . :  . _ 

s m a l l  po.ckets and make .a pe,rma,n,ent i m p r i n t  on t h e  finishes product .  
, -  . . . .,, . " .. . , . . . . .  

. The second cause  was , t r aced  t o  t empera tu re  changes d u r i n g  t h e  epoxy 
' . _  ., . . . . . 

c u r i n g  p roces s .  T h i s  mechanism is not  comple te ly  unders tood  bu t  t h e  . . . . .. . 

observa t . ion : . i s  . c l ea r .  When m i r r o r  p a n e l s  were a l lowed . t o  c u r e  w i t h  , . # ,  , 
.. . . .. - . >  - 

t empera tu re  ,var ia t i ,ons  of l e s s :  than ,  3"FI a s  was t h e  . .case . .  dur ing  t h e  w i n t e r  . . . 
months when . . t h e  heat ' ihg syste,! was; on. c o n t i n u o u s l y , .  no orange pee l  e f f e c t  was 

. . , . ... . . . . .  . .. . . . .  . 

observed .  with. . . t h e  a r r i y a l  .. . . .  .of summer the.: work. a r e a  h e a t i n g  s y s t e q  .was,,-shut . , 
. . 

down. Th i s  . . : .  a l l o w s  . . temperature v a r i a t i o n  of from 10" t o  20°F 'and s e r i o u s  . ,  . 
.. . . . I  . 

orange  p e e l  e f f e c t s  were pf t e n  observed.,. : The h e a t i n g  system was r eac t iv . a t ed  

and t h e  problem so lved .  



b. .Package. Asymmetry . . 
. .  . .. . 

. . 
The e a r l i e s t  p roduc t iod  run made m i r r o r  which were mechani=al  . ' 

. . > 
asymmetric  i n  t h a t  t h e  mechanica l  s t r e n i t h  on-.one s i d e  ~ a s " ~ r o v i d e d  by an 

a luminum. l aye r  and on t h e  . o t h e r  s i d e  by a  M i c a r t a  l a y e r .  Warping or changes ' 

i n  t h e  c u r v a t u r e  w i l i  o ccu r  i f  these '  two s t r u c t u r a l  members change d imens ion  
. . .  . . . . 

, , 
r e l a t i v e  t o  each  o t h e r . '  ~ a m p ' l e s ' w e r e  cyc l ed  i n  an  oven over  a ' l a r g e  

. . 
t empera tu re  range  and the.  d imens iona l  changes t h a t  re 'sul ' ted we r e  found ' t o  b'e 

. .~ . . 
a c c e p t a b l e .  

. , . . 

'   ow ever , changes i n  c t i r v a t u r e ' k e r e  observed wi th*  age. The MiCarta ' ' '- 

s h o r t e n e d  r e l a t i v e  t o  . t h e  aluminmi p i e c e .  ' ~ h i s  appears '  t o  be t h e  ; e s u l t  of a  
. . .. 

i n t e r a c t i o n  be'cween t h e  e p o x y , ' o r  i ts '  s o l \ i e n t s ,  a*d ' t he  ~ i c ' a r t a . .  ,The . ' 

c u r v a t u r e  change occu r s  g r a d h a l l y  - i n  t h e  f i r s t  .few weeks and then  s t a b i l i z e s .  

The magnitude og c u r v a t u r e  change was not  r e p r o d u c i b l e , .  bu t  was l a r g e r  than 
; .  

cou ld  be accep ted .  
'. , 

~ h k  s o l l i t i o n  b a s  t o  i n s e r t  an aluminum s h e e t  be tweei  thg Mica r t a  sht iet  
. . 

and t h e  s t y r o f  oah body. Th i s  aluminum p i e c e  became t h e  s trorig element  on t h i s '  

s i d e  of , t h e  package and s topped  t h e  d i u e n s i o n a l  change t h a t  was o c c t ~ r r i n g  . . 

c .  Bonding F a i l u r e s  

Two types  of epoxy bonding f a i l u r e s  have been observed and t h e i r  causes  

i d e n t i f i e d .  

' The f i r s t ,  r e su l ' t ed  from a manufac tur ing  s h o r t c u t  i n t ended  t o  r e l i e v e  a  

s h o r t  supp ly  'of '=he'  epuxy 1 l e s + r i z & r l  ' Thio i t em w a s  n m i t t e d '  i n  the epoxy 

m i x t u r e  used LO' bo'nd t h e  back s i d e  of ' t he  supl ioft  package. When t h i s  m a t e r i a l  

. i s  o m i t t e d ,  t h e  r e s u l t i n g  cured  epoxy is v e r y  hard  .and a l a r g e r  ' f o r c e '  is '  ' 

r e q u i r e d ,  t o  s ' t r e t c h  t h i s  n i a t e r i a l  to.,conform ' t o  t h e  t empera tu re  expans ion  of 

t h e  a d j a c e n t  aluminum s h e k t .  When rhe  f o r &  reqt i i red  f o r  t h i k  s t r e t c h  cxc?ads 
. .  . 

t h e  bonding ' s t r e n g t h ,  f a i l u r e  occu r s .  ~ l l . ' ~ a n e l s  from which t h e  f l e x e r i z e r  

was omi t t ed  f a i l e d  i n  s e r v i c e  from d a i l y  t empera tu re  cyc l ing .  

The second type  of bonding f a i l u r e  is  s i m i l a r  bu t  caused by a  d i f f e r e n t  

p r o c e d u r a l  change. The s p e c u l a r i t y  of t h e  k ra f t -pape r - type  suppor t  package,  

F i g u r e  1 0 ,  i s  improved i f  t h e  epoxy l a y e r  c o n t a i n i n g  t h i s  paper  is  made 

t h i c k e r .  T h i s  l a y e r  was made v e r y  t h i c k ,  1 /16  in .  i n  some c a s e s ,  t o  y i e l d  



e x c e l l e n t  s p e c u l a r i t y .  These p a n e l s  were put  i n t o  s e r v i c e  w i thou t  environ-  ' 

menta l  t e s t i n g  where they  f a i l e d .  

Th i s  f a i l u r e  was r e l a t e d  t o  t h e  i n c r e a s e d  epoxy th i ckness .  A s  the 

t h i c k n e s s  i n c r e a s e d ,  s o  d i d  t h e  f o r c e  n e c e s s a r y  t o  s t r e t c h  t h i s  l a y e r  t o  

conform t o  tempexature-induced d imens ional  changes i n  t h e  . a d j a c e n t  alumimm 
, . . . . .. 

shee t . .  Again, i f  t h i s  f o r c e  exceeded t h e  bonding s t r e n g t h ,  f a i l u r e  occu r r ed .  

Labora to ry  t e s t s  , i n v o l v i n g  l a r g e  t empera tu re  c y c l i n g  determined t h a t '  t h e  

epoxy t h i c k n e s s  r e s u l t i n g  when two l a y e r s  of k r a f t  paper  were used was 

m a r g i n a l ,  and, o c c a s i o n a l l y  , f a i l u r e  occu r r ed ,  bu t  no f a i l u r e s  were observed i n  

s i n g l e - l a y e r  paper  c a s e s .  L imi t ing  t h e  epoxy l a y e r  , t o  t h a t  produced by a  

s i n g l e  l a y e r  of paper  became a  s o l u t i o n  f o r  t h i s  f a i l u r e  mode. 

d. Bonding S t r e n g t h  

I t  is c l e a r  t h a t  improvement of t h e  .bonding s t r e n g t h  of t h e  epoxy 

i n c r e a s e s  p roduc t  r e l i a b i l i t y .  The epoxy-to-metal i n t e r f a c e  i s  t h e  weaker 

bond. Two pr imers  f o r  t h e  me ta l  s u r f a c e  were found t h a t  g r e a t l y  i n c r e a s e d  

t h i s  s u r f a c e  bond: 

1. A two- th i rds  by volume mix tu re  of Durof lex  25-30-9125 

po lyu re thane  made by N a t i o n a l  Adhesive Corpo ra t ion ,  a  d i v i s i o n  of N a t i o n a l  

S t a r c h  and Chemical C o r p o r a t i o n ,  w i th  one- th i rd  Methyl E t h y l  Ketone. 

2. A one t o  one mix tu re  ofAtprime, , lOOA w i t h  Atprime 100B. 

M a t e r i a l s  a r e  made by, t h e  I C I  United S t a t e s '  I nc . ,  Wilmington, Delaware. 

e .  E l e c t r o l y s i s  

'To e x p e d i t e  t h e  i n s t a l l a t i o n  of r e f l e c t i n g  pane l s  on ' the  h e l i o s t a t  

b r a s s  and sometimes s t a i n l e s s  s t e e l  hardware were used because aluminum 

hardware &s not  a v a i l a b l e .  Th i s  e r r o r  produced an  i n t e r e s t i n g  e f f e c t .  Small  

da rk  i r r e g u l a r  l i n e s  i n  t h e  alumin? r e f l e c t i n g  s u r f a c e  r a d i a t i n g  from t h e  

p a n e l  mounting p o i n t s  appeared and grew wi th  time. ~ a t e r  ,' s m a l l  (pir ihole-  

s i z e )  d o t s  a l s o  appeared i n  'the r e f l e c t i n g  s u r f a c e ;  t h e i r  d e n s i t y  was g r e a t e s t  

nea r '  t h e  mounting hardware but  t hey  extended ove r  t h e  e n t i r e  panel'. These 

d o t s  and l i n e s  were de termined  by' m ic roscop ic  examinat ion  t o  be mi s s ing  

aluminum p l a t i n g  from t h e  r e f l e c t i n g  f i l m  which was r ep l aced  wi th  f o r e i g n  

m a t e r i a l .  The p a t t e r n  sugges ted  e l e c t r o l y s i s .  



: A l l  .nonaluminum-hardware was...removed and , rep laced  wi th  aluminum .pieces.  

The growth of t h e  b lack '  l i n e  and dot  p a t t e r n s  :stopped,  .'., A l l  panels :  i .nst .al led : 
. . 

l a t e r  "ere,  exposed only .  t o ,  aluminum. hardware and.. nine-'.of: them show any s igns  
. . . . 

. . .  of t h i s  e f f e c t .  , -  . .  . . ,. . . . .  . . 
.. The, <.frame. is. a l so .  .aluminum :and th'us. a£  t e r  the  hardware. change. the  .: .. > .  

r e f  letting m a t e r i a l  : w a s  &posed"qnly t o  aluminum m a t e r i a l .  ~ h i i . .  like-ma:teriql 

condi.t.ion i s '  ' e s s e n t i a l  f o r  the  p.reservat.ion ! of the  . r e f l e c t i n g  aluminized 

surface. . :  The. d o t s  a r e  be l i eved . :  t o  ' be . t h e  resu l t . , o f  ' e l . e c t r a l ~ s i s  over t h e  . , ' 

. s u r f  ace  when., wet, a t  t ack ing  t h e .  aluminum. p la t ing . ' t h rough  pinhole.. d e f e c t s .  . . ini  

. . .  t h e  p l a s t i c ,  p r o t e c t i o n  overcoat .  . . . .  . . . . 



. . 
III .D3.  H i s to ry  of Re f l ec t i ng  Pane l  Manufacture 

. . 

Desc r ip t i on  of manufacture Cola1 lien t s - d i s p o s i t i o n  -- 
* 

Dunmore 393;.f i rs t  s u r f a c e  m i r r o r  
36 i n . ' x  42 i n .  Cons t ruc t ion  s t a r t e d '  
a s  fo l lows:  . - . . 

1. Cleaned. f i r s t  s u r f a c e  of Micar ta  
4 f t .  x  8 f t .  on t ~ b l e  wi thout  . ! 

wet t i ng  t h e o t h e r s i d e .  . . 

a)Kashed w i th  soap s b l u t i o n  and 
Kleenex. 

b)Einsed with, d i s t i l l e d  wa t e r ,  and 
- .wiped w i th  Kleenex. 
c)F.fter dryi i .g ,  ,brushed w i th  s t a t i c -  

master  brush.  

d)Washed g l a s s  wi th  soap,  iul luwed 
by ammonium s o l u t i o n ,  then  d i s -  
t i l l e d  water; then  d e l i n t e d  a s  
above. . ' 

2 .  ~ G p l i e d  a  . l ibei-a1 amount of soap 
' s o lu t i on  to, , the  : g l a s s  and r o l l e d  
ou t  bubb l e s 'w i th  a  r o l l e r .  

3. Applied f i l m  t o  g l a s s .  ' Squeezed 
ou t  excess  s o l u t i o n  w i th  a  r o l l e r  
then  w i th  a  p l a s t i c  squeegee,  a f t e r  
f i r s t  apply ing  a l i b e r a l  amount .of 

, . water . ' ,  This  p rocess  repea ted  a s  
needed. ' 

. . 

4. ~ a b r i c a t i o n  of  suppor t  package: I 
a j ~ p o i j  a i 5  & V40 50/50, w a s  . 

appSied a s  a  h e a j r  c o a t  and al lowe 
t o  s t a n d  f o r  approximately 15 min. 
Bubbles,  and su r f ace '  unwetting. were 
brushed out .  . '  - 

b)Micar ta  s h e e t  was clamped a t  one 
end and r o l l e d  i n t o  p lace .  Addi- 
t i o n a l  r o l l i n g  was done w i th  a  
l a r g e  hand r o l l e r .  . . 

c)The Styrofoam and aluminum p i ece s  
.were' then  assembled, a s  descr ibed  
i n  Sec t i on  1 I I . D .  

I 

32 i n .  x  38 'in., m i r r o r .  . . . 

Prepa ra t i on  - Procedure 56. 

Contact  on g l a s s  and' v i s u a l  q u a l i t y  
were .at l e a s t  a s  .go.od.as any pre-  
v ious ly  ob t a ined  w i th  sma l l  t e s t  
samples. Dust and l i n t  p a r t i c l e s  
were min,imal . . " 



H i s t o r y  o f  R e f l e c t i n g  Pane l  Manufacture ~ o n t ' d .  

Comxents - d i s p o s i t i o n  

. . 

.Sample s e p a r a t e d  f r o m , t h e  g l a s s  
' .form easi1.y. The epoxy unwet t ing  ' 

air  void seemed rrn he responding ' 

t o  t h e  two-part 828 - one-part- ', 

V40 s o l u t i o n  used i n  t h i s  sample. 
Few unwet t ing  s p o t s  were no ted .  
Orange-peel-type c r a t e r s  appeared 
a l l  over  t h e . f i l m  s u r f a c e ,  because  
a l l  t h e  soap s o l u t i o n  was n o t  
worked' o u t  from between t h e  f i l m  
and t h e  g l a s s  form. . 

. . 

' . ' 

The f i r s t  s u r f a c e  of  t h e  f i l m  was , 
n o t  c leaned  b e f o r e  a d h e r i n g  i t  to '  
t h e  g l a s s .  

. . ,  

A ten-min t te  epoxy c u r i n g  p e r i o d  . 

was a l l o w e d  f o r  a i r  bubbles  t o  ,: . 
clear. . .  . . .  

'Epoxy was d i f f i c u l t  t o  s p r e a d ,  
p robably  because  of  t h e  ten-minute 
c u r e  per iod .  , . . 
Glass  .base cracked. 

Sample s i p n r a t 6 d  f rom. the  g l a s s  form 
e a s i l y .  sakple' appeared a s  f o l l o w s  : 

a) A. l o n g  d i s , t i n c t  i i n e  caused by 
t h e  c racked  g l a s s . b a s e  was seen.  

b) Numerous v o i d s  because of,. a i r  
bubbles  .' 

' . 
c )  ' Very few d u s t  imper fec t ions .  

> 

. . t - -- 

. . . . 

D e s c , r i p t i o n  of manufacturing 
. . 

The second s u r f a c e  of t h e  f i l m  
r e c e i v e d  a  t h i n  c o a t i n g  o f  t h e  epoxy 

. s o l u t i o n .  

An a i r  hose ,  held '  18  i n .  away from the '  
s u r f a c e ,  was used t o  even o u t  t h e  
epoxy. 

' 

Procedure 56, modif ied:  . . . 
F e l s ,  s o a p  s o l u t i o n  a p p l i e d  t o  g l a s s .  
Fi lm r o l l e d  o n t o  g l a s s .  This  was 
done w i t h  a Kodak r o l l e r .  R o l l i n g  
was fo l lowed up w i t h . a  p l a s t i c  
squeegee and' Kleenex rubdown; An 
epoxy mix of  150  p a r t s  of  EPON No. 808 
' r e s i n  and 210 p a r t s  of  V40 c u r i n g  
a g e n t  was used. 

. - 

No. 

5 7  

.58 

, ~ a t s  mfg. 

c o n t ' d  
8-27-77, 

' 

completed 
8-29-77 . 

s t a r t e d  
9-1-77 - 

. 

completed 
9-6-77 



History  of Re f l ec t ing  Panel  Manufacture ~ o n t ' d .  . 

0 .  

67 

68 

Descr ip t ion  of  manufacture I Com?:-nts - d i s p o s i t i o n  Dstz mfg. 

s t a r t e d  
10-4-77 

completed 
10-5-77 

s t a r t e d  
10-6-77 

omple t ed  
0-7-77 

An epoxy mixture of 75 p a r t s  EPON 815, 
25 p a r t s  EPON 871, and 10 p a r t s  
d ie thylenet r iamine  cur ing  agent  was 
used. 

Dunmore 393 f i r s t  su r f ace  mi r ro r  
18-112 i n .  x 52 i n .  

, . 

Procedure 56, modified . 

6% 

An aluminum angle  ba r  was secured t o  
the  j i g  p l a t e .  I 

The purpose of t h i s  sample was t o  
dev i se  a way t o  prevent  a i r  pocket 
'voids between t h e  f i l m  and t h e  
Micarta.  

t a r t ed ,  
0-8-77 , 

omple ted  
0-10-77 

Two men he ld  Micarta shee t  i n  "ready 
t o  r o l l "  posit.ion while one man poured 
epoxy j u s t  ahead of the  shee t  so  a s  t o  
form an epoxy wave which moved wi th  
t he  r o l l i n g  ac t ion .  

The 0.060 Micarta was r o l l e d  onto  t h e -  
assembly. I 

No a i r  pocket voids apparent  i n  
. s u r f a c e .  Some smal l  i nden ta t ions  

appeared,  because a l l  of  t h e  soap 
s o l u t i o n  was no t  removed from t h e  
c e n t e r  a r ea  of t he  f i l m  surface .  

Dur-more 393 f i r s t  su r f ace  mi r ro r ,  
18-112 in .  x 52 in .  

Prepara t ion  - same - as' sample 67. 

Dunmore 393 sample, 
3 7 - i n .  x 52 in.' 

Procedure 56. 

The purpose of t h i s  sample was to' 
r epea t  t h e  method used wi th  sample 
number 67. 

.Sample.had no voids. Specu la r i t y  
was f a i r .  

The mi r ro r  su r f ace  was, e x c e l l e n t ,  
only  t h r e e  smal l  epoxy unwetting 
a i r  voids  appeared. These voids 
were a l l  w i th in  a 3-in.' 



H i s t o r y  o f  R e f l e c t i n g  Pane.1 ~ a n u f a c t u r e  ~ o n t ' d .  . 

. . . . . . .  . - . ,  . .., . .  . . . . .  ' > .  
~ ~ ~ ~ r i ~ t i ~ ~  of manufac ture  ' I * Ccrrz?:-! t s  - d i s p o s i t i o n  

, . .  / , . . .  . . L ., 
. . . . . .  

Dunmore 393 sample, i .  . . .  $ .  37 i n .  x 52 i n .  . * .  

Procedure  67. . . 

D u p l i c a t e  o f .  No. 75 e x k e p t  f b r " a  ', 

48 hour  c u r i n g  t ime . 

a )  Procedure  67 was used t o  asseulble 
the film, epoxy bond and Micarta 
i n t o  a  sandwich. . 

b )  An epoxy mix ture  was u s e d e f o r  t h i s  
s e e p ,  composed o t :  , 

375 grams ui E p u ~  015 
1 2 5  gram6 o f  Fpnn 871 

50 grams of d i e t h y l e n e t r  iamine ,' 

c )  sample .cured  f o r  '4.8 hours .  

Thus t h e  m i r r o r  s u r f a c e  was . . 
a lmos t  c o ~ p l e t e l y  f r e e  o f  voids:  ., 

This  m i r r o r  was. c u t  and subsequent ly  
. hung, up o u t d o o r s ' t o  t e s t  . i t s  . weather-  
a b i l i t y .  

. . 

. . . .  I . . . .  1 . 
T h i s . m i r r q r w a s . a l s o  hung up out-. 

.doors  t o  t e s t ,  w e a t h e r a b i l i t y .  
. . . .  

I 
8 .  

No d e f e c t s  were s e e n  i n  t h i s  
. ;, 

s amp Le . . .  , 

No d e f e c t s .  
. . . . ,  . 

Note: A l l  slmples :with t h e  l e t t e r  
CU i n  t h e i r  i d e n r i f i c a c i o n  are ; 
concavc. Prcv iauo  oarnplco wcrc - 
made f l a t .  

S t e p  No. 2 

a )  S tandard  procedures  lwei-e used t o  
bond t h e  Styrofoam and aluminum t o  
each o t h e r  and t o  th'e s t e p 1  

. ' a $ s ~ m h l , y .  , . . 

b) epoxy i n i x t ~ r e  .of E P ~ N  815 r e s i n  . 
and c u r i n g  a g e n t  V4O i n  e q u a l  'par t ' s  . 
was used. f o r  t h i s .  s t e p .  

. . . . . . . .  .......... .."."- . .  . . 



Date mfg. 

con t 'd .  

completed 
12-5-77 

s t a r t e d  
10-31-77 

completed 
11-2-77 . . .. 

s t a r t e d ,  
11-30-77. 

completed 
12-2-77 

s t a r t e d  
12-5-77 

completed 
12-5-77 

s t a r t e d  
12-7-77 

completed 
12-8-77 . 

H i s t o r y ,  o f  R e f l e c t i n g  Panel  Manufacture. ~ o n t , ' d .  
. 

. - 
.. . . . 

D e s c r i p t f o n  of  manufacture . . .  

. . .  . . .  . . .  
. . ~ i r s  t curved p a n e l  removed. from j i g ;  ' 

. .  . 

Dunmore '393 sample, 
37 i n .  x  52 i n .  

p r e p a r a t i o n  f o r  s t e p  No. 1 

a )  ~ r o h e d u r e s  6 7  were used t o  assembll 
t h e  f i l m ,  epoxy bond and Micar ta  
i n t o  a  sandwich.: 

b )  An epoxy mix ture ,was  used f o r  t h i s  
s t e p ,  composed,of:  

. .. 
375.grams of ~ G o n  815 

,125  grains of ,Epon 871  
50 grams of  d i e f h y l e n e t r i a m i n e .  

. . 
. c )  samPl= &fed  , f o r  48 hours .  

- . i '  . . 

p r e p a r a t i o n  f o r  s t e p  No. 2  

a ) '  Stan!ard'procedures were used t o  
bond' t h e  Styrofoam and aluminum t o  
each  o t h e r  and t o  t h e  s tep-1 
assembly. 

b )  Axi epoxy m i x t u r e ' o f  EPON 8 1 5 ' r e s i n  
and c u r i n g  agent  V40 i n  e q u a l  p a r t  
was used f o r  t h i d  s t e p .  

' _ '  

Same a s  s t e p - 1  of  sample No. 78. 

This  m i r r o r  d u p l i c a t e s  sample No. 78. 
: .  . 

T h i s  m i r r o r  d u p l i c a d e s  sample No. 78. 
i 

Sample removed from ' j i g .  

Comments - d i s p o s i t i 0 . n  

76 CU is mounted on' o u t e r  
p e r i m e t e r  of  t h e  h e l i o s t a t .  

" .  

T h i s ' s a m p l e  was made i n  two st 'eps. 
On comple t ion ,  i t  was s e n t  t o  New 
Mexico f o r  wea ther  t e s t s .  . 

S u r f a c e  is  . f r e e  o f  f laws.  

. . 

Good s p e c u l a r i t y .  

T h i s  sample was p laced  ou tdoors  
f o r  w e a t h e r a b i l i t y  e v a l u a t i o n ;  ' . 

E x c e l l e n t  appearance.  
Sample p l a c e d  on i t s  back t o  complete  
t h e  c u r i n g  process .  



His to ry  of  Re f l ec t i ng  Panel  Manufacture Cont'd. 

yo. 

84CU 

' 

85 

86CU 

. . 

Data mfg. 
. . 

. 

s t a r t e d  
12-8-77 

completed 
12-9-77 . . 

12-12-77 . 

t ra r i s fe r rec  
12-9-77 

completed 
12-12-77 

s t a r t e d  
12-12-77 

completed 
12-13-77 

s t a r r e d  
12-13-77 

cnmple t ed  
12-14-77 

s t a r t e d  . 
. 

12-16-77, 

. 

. D e s c r i p t i o ; ~  of manufacture ' 

. . . . 

, 

 his mi r ro r  d u p l i c a t e s  sample No. 78, 
s t e p  No. 1, except :  

118 i n .  t h i c k  g l a s s  form 'was. used 
f o r  t h e  f i r s t .  t ime.  

. . 

Sample removed. ' 1 

, 

Step No. 2. 
This  mi r ro r  d u p l i c a c e ~  sample No. 76 
CU. . 

Sample remains.on g l a s s  and g l a s s  i s  
l a i d  on curve j i g .  ; 

.: 

. . .  

Procedure 76 CU, st'ep . 1. . .  

Removed sample from i t s  hase g l a s s .  

. # .  - 
Dupl ica te  ~ r o c e d u r e  76 CU, s t e p  1. 

' 

Step  2. . , , . , .. 

. . . . .  . " . .  . . .  

. . . . .  

Ccrr?.e.er?ts - d i s p o s i t i o n  . 
. . .  . . . .  , : . . 

. . . . . . . .  .. , . . 

T . ,  

, . / 

Good r e s u l t s  were achieved wi th  t h e  
118" t h i c k  g l a s s  f o h .  One. s m a l l .  . 
a i . r , pocke t  between t h e  f i l m  and t h e  
Micarta . ' 

. . .  

,a4 CU is..mounted t o  . t h e  o u t e r  
, 

pe r ime te r -  o f .  t h e  h e l i o s t n t .  : . 

Good . r e su l t s ,we re  achieved wi th  t h e  
118  i n .  t h i c k . g l a s s  form. 

. . .  , 

One' sma l l  a i r  pocket  between t h e  ,. 
f i l m  and t h e  Micar ta .  

. . 

84 CU was. mounted..to t h e  o u t e r '  
. . p e r ime te r  of  - t h e  h e l i o s t a t .  

. . . .  

, 8 

. . 

Mirror  s u r f a c e  is  f a i r .  
. . . . .  . . 

. . . .  

. . 

. . 
. . 
. , .. I .  

Mirror  looked good. No a i r  pocket : 

voids .  

. . . . 

' .  , . , . " ' i 



His to ry  of ~ e ~ l c c t i n g . P a n e 1  Manufacture Cont 'd .  

No. 

86CU 

87CU 

' 

93CU 

. 

94CU 

Date mfg. 

completed 
12-19-77 

s t a r t e d  
12-14-.7? 

completed 
12-15-77 

s t n r t e d  
12-20-77 

completed 
12-22-77, 

s t a r t e d  
12-15-77 

completed 

s t a r t e d  
12-22-77 

completed 
12-28-77 

s t a r t e d  
12-20-77 

-- . 

0 .  

Desc r ip t i on  of  manufacture 

This  m i r ro r  d u p l i c a t e s  sample No. 76 
CU,  s t e p  1, except:  

The normal 'washing was omit ted.  The 
v i r g i n  m a t e r i a l  i d  r e l a t i v e l y  c l e a n  
and dus t  f r e e .  Handling and w'ashing 
could be adding more dus t  than  it 
removed. 

. Step '  2. 

. 6 

, . 
. . 

. . 
~ r o c e d u r p  76 CU,. s teb  1. 

, . ,  

Step  2. 

Procedure 76 CU, s t e p ' l .  

Comnents - d i k p o s i t i o n  

. . 
. u 

86 CU was mounted t o  t h e  o u t e r '  
per imeter  o f  t h e  he l i o s t a t :  

Improve6 r e s u l t s  were achieved by 
t h i s  procedure. 

Good s p e c u l a r i t y ,  no a i r  pocke t  
vo ids .  . . 

87 CU was mounted t o  t h e  c e n t e r  of 
t h e  he1  i o s t a t .  

. ' 

No a i r  pocket  voids: Good 
s p e c u l a r i t y .  

. .  . 
. . 

93 CU is  mounted t o  t h e  o u t e r  
pe r ime t e r  of  t h e  h e l i o s t a t .  . .' , 

The f i l m  f o r  t h i k ' m i r r o r  came o f f  
a new r o l l  o f  Dunmore 393. 

. . 





'Hisc,vry o f  R e f l e c t i n g  P a n e l  Manufacture Cont 'd .  

- 

No. 

96CU 

97CU 

9 . 9 ~ ~ .  

lOOCU 

Descr l .p t ion  of manufacture 

.... . Step  2.  . . 

i 

Procedure  76 CU, s t e p  1. 
.- 

S t e p  2.  

. . ' 

.. . 

: , 
Procedure 76: CU, s f e p  1. 

. . 

S t e p  2. 
: 

. . 

' .  . .  . 

Proc'edure 76 CU, s t e i  1. . . 

S t e p  2. 
. 

. . . . " 

g a t e  mfg. 

s t a r t e d  
1-3-78 

completed 
1'5-78. 

s t a r t e d  
12-30-77 

, . .  
completed 
1-3-78 

s t a r t e d  
1-5-78 

comple ted  
1-9-78 

s t a r t e d  
1-3-78 

completed 
1-4-78 

s t a r t e d .  
1-9-78 

completed 
1-11-78 ' 

. . 
s t a r t e d  
1-4-78 

completed 
1-5-78 

s t a r t e d  
1-3.1-78 

completed 
1-13-78' 

.?- 

. . -.- 

Co-:snts - d i s p o s i t i o n  

. . .  . . 
. . . 

96 CU was mounted t o  t h e  m i d s e c t i o n  
o f  t h e  h e l i o s t a t .  On 8-31-78 i t  
was removed because lof  bond f a i l u r e . '  
(See 95 CU) . . 

F r e e  o f  a i r  pocket  v o i d s .  

. . . . 
. 

. . 
97 CU was mounted t o  t h e  cidter 
p e r i m e t e r  o f  the.  h e l i o s t a t .  On 
9-27-78, 97'CU was removed from t h c  
h e l i o s t a t  because. o f  curve  r e v e r s a l , '  
and f a i l u r e  o f  t h e  bond between t h e  , 

S t y r ~ f o a m  and t h e  back aluminum 
p l a t e .  (See 95 CU.) 

1 

. . 
. . 

No a i r  pocket '  vo ids .  

99 CU was mounted t o  t h e  m i d s e c t i o n  
o f  t h e  h e l i o s t a t .  

. . 
,.. 

. . 

No a i r  pocke t  v o i d s . .  

. ' 6  

100  CU was mounted t o  t h e  o u t e r '  
p e r i m e t e r  o f  t h e  h e l i o s t a t .  . 



H'is tory of  R e f l e c t i n g  Panel  Manufacture Cont 'd .  

. 

KO. 

1 0 1 ,  

102CU 

102.CU 

103CU . 
. , 

104CU 

105CU 

106CU 

. . 

. .  

: 

Date mfg. 

s t a r t e d  
1-5-78 ' 

completed 
1-6-78 

s t a r t e d  . 
1-6-78 

r.nmp3.eted 
1-9-78 

s t a r t e d  
1-13-78 : 

comple t'ed 
1-16-78 . . 

s , t a r t e d  
, 

1-9'-78 . ' 

completed 
1-19-78 

s t a r t e d  
1-10-78 

coup' l r tcd 
1-23-78 

i t a r t i d  
1-11-78 . . 

completed 
1-25-78 

s t a r t e d  
1-2-78 

completed 
1-i3-78 

, . . > 

> 

~ e s c r i ; t i o r l  of manufacture 
. . . . 

. . ,. . . . 

Procedure..76 CU, s t e p  1 only .  
. . ' 

, .. 

S t ~ p  .2, never  completed., 

P r e p a r a t i o n  76,CU, s t e p  1. 

, . " 

. . 

S t e p  2. 

. . 
. . " - ,  

Procedure  84 CU. 

, , 

procedure  84 CU.- 
' -. 

. - 

. . ' . . 
. . 

. -  . 

. : . . 

Procedure,76.  s t e p  I. . 

- .  . . . 
-.---.- . 

Comments - d i s p o s ' i t i o n  

. . 

No v o i d s  a p p a r e n t  i n  s u r f a c e .  

Good s p e c u l a r  appearance.  No vo ids .  

. .  . . 

102 CU was mounted t o  t h e  o u t e r  
p e r i m e t e r  o f  t h e  h e l i o s t a t .  

Good s p e c u l a r  appearance.  . . 
. . 

. . 
, . 

103  CU was' mounted. t o  t h e  o u t e r  
p e r i m e t e r  o f  t h e ' h e l i o s t a ' t ;  ' . . 

. . 
. . . . 

. , . . 

Good s p e c u l a r  appearance,  one l a r g e ,  
a i r  pocket  vo id  appeared because  
t h e  c o m e r s  o f  t h e  Micar ta  s h e e t  
had . . turned. up d u r i n g .  cons t ruc t ion . ,  - . . 

'Panel c u t  up' f o r  oamplec. . 

. . . , 

. . 

106'  cu was mounted t q  t h e  mid- 
s e c t i o n .  of  t h e  h e l l o s t a t .  .. . 

. . .  
. . . . .  . . 



His to ry  of Ref lec t ing ,  Panel Manufacture ~ o n t  'd .  

completed 
1-27-78 

108CU s t a r t e d  I 1-19-78 

completed 
1-30-78 

L09CU s t a r t e d  
1-23-78 

LlBCU 

Descr ip t ion  of manufacture 1 , C'omi;lents - d i s p o s i t i o n  

completed 
2-3-78 
s t a r t e d  
2-1-78 

L19CU 

121EX 

completed 
2-2-78 
s t a r t e d  

.2-2-78 
completed 
2-3-78 
s t a r t e d  
2-9-78 

107 cu was mounted t o  t h e  o u t e r  
per imeter  of  t h e  h e l i o s t a t .  

Procedure 84 CU. . 

Procedure 84 CU. 

. . . . .  . . .  
. . . . 

. 
~ o o d  specula= appearance. NO 'voids.  

A 3-qt epoxy mix was dsed ins tead  
,of t h e  usual  4 q t  mix. 

Procedure 84 CU. 

Procedure 84 CU. 

procedure 76 .CU;' 

Film placed on gl.ass, 
g l a s s  damuied around edge wi th  
Styrofoam. 3/4-gal of s t d .  , . . 

r a t i o  815/871/DTA poured i n t o  cav i ty  
t o  make a t h i c k  epoxy l a y e r  between 
f i l m  .and suppor t  package. 

1 ,  b o d .  s p e c u l i r  appeirance,  no voids.  . 

I Good specu la r  appearance, no voids.  

I 103 CU nounted ' to  o u t e r  per imeter  
of t h e  h e l i o s t a t .  , . 

. . 
Good specu la r  appearance, no voids.  

A few specks,  no voids ,  good 
specu la r  appearance. 

I EX i e a n s  t h a t  e x t r a  epoxy was .dded 
to.  t h e  i n t e r f a c e  between .the f i l m  , 

and , the package, a s  a bu f f e r  .... 
. . 

.) s u r f a c e  g e n e r k y  good, no voids ;  

Placed sample on curved f i x t u r e  and 
loaded i t  i n  t he  normal manner. 

Removed package from curved f i x t u r e  

Same a s  sample 121 EX except:  
assembly not  removed from g l a s s  u n t i l  
a f t e r  cu r ing  on curved j i g .  

Bad, bumpy. General ly unsa t i s -  
f a c t o r y  condit ion.  Sample was c u t  
t o  determine problems. 

Removed sample from g la s s .  I Good qua l i t y .  



History  of  Re f l ec t ing  Panel .Manufacture Contf'd. 

' Desc r ip t ion  of maAfac tu re  I Comments - d i s p o s i t i o n  

t 

No. 
. . . 

123EX 

. 

124EX 

. -... 

Date mfg. 
. 

. . -  

s t a r t e d '  
2-13-78 . 

2-14-78 

I '  

. . . .  

2-15-78 

< ,  . : 

s t a r t e d ,  
2-16-?8 

: > . . . 
. . . . .  , . .  

. > .  <. . 
. . .  . .  - 

Same a s  sample -122 EX' 
One' l a y e r  'of f i-berglass - screen  sub- 

.merge,d i n  t h e  epoxy; pool. 
. . 

Coated a sanded s h e e t  o f  0.010 alumi- 
w i th  a t h i n  l a y e r  of epoxy. 1 

. .  , . . ... . . ' . .  
. . 

. . . . . .  . . . . .. - - 
. . . .  ' .  . 

. , . , . . 
. . . .  . . 

Moved sample 'and ' g l a s s  onto  curved 
p l a t e .  

. Spread a t h i n  l a y e r , o f  8 1 5 / ~ ~ A  mix 
over  t h e  f i b e r g l a s s  mesh p a r t i a l l y  
cured 815/871/DTA epoxy. . , 

.. * .  . .  

. . ....... . -. 

- . .  

., , .; , . 
. . 

Applied heavy:, coa t  of  epoxy t o  t h e  I . :.: _ , 
Styrofoam. . $ .  

Put  aluminum down onto' t h e  f i b e r g l a s s  
me 5.h. 

Coated back of aluminum a g a i n  and lai 'd  
down 314 i h .  .S ty ro foam 

. . . . . . . . .  . . 
Put a s h e e t  of .010 aluminum onto  t h e  - ,  . . 

. . . .  
. .  . coa ted  Styr,ofoam. 

a . : . . . . . .  . . 

- .  . ., . 

. . 
. o  . . . . . .  

1 .  - ,  I .  

Removed sample from.curved f i x t u r e .  I 

: - ~ i l m  placed on g i a s s  base. 
A dam was b u i l t  around t h e  per imeterd '  
of the g i a s o l f i l m  wi th  2 i n .  Sryi.hfoam 

. . . . . . .  6 f r i p ~ .  . . .  , 

Two c o a t s  of Krylon were sprayed on t o  
' t h e  f i l m .  and allowed t o  dry. I 

A t h i n  coa t  of epoxy 8i51571. & DTA was 
a p p l i e d ,  and allowed t o  cu re  for, s i x  
hours. 

. .Fiberglass mesh sc reen  w a s p l a c e d  on 
top  of the.~epoxy. ' -  

~ ' s&or (d  &;; of  epoxy' 815/871'& DTA 
was spread over  t h e . f i b e r g l a s s  mesh, 
and allowed t o  cure  for. 21 'hours; 

On 4-21-78, 123 EX was' c u t  ' i n t o  a 
c e n t e r  panel.. On 8-31-78 i t  was . 

I removed because of bond f a i l u r e  , 
between t h e  f r o n t  aluminum s h e e t .  
and tho  epoxy. 

~ a s e  g l a s s  and assembly' moved t o  
a .  

curved jig..  . . . . . .  

. . 
- ~. 

. . . . . . .  .:.. .. - .. , . . - 

. . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . .  & " - .- 
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His.tory of Ref lecZtillg Panel Manufacture Cont ' d .  

" 

1 .  

NO. 

*. . 

124EX 

. , 

. . > 

125EX' 

. 

_ .  _ _  

. De.script ioo of manufacture 

~ i b e r a j ' c o a t  .of ,8151871 & D T A ' W ~ S  
brushed onto  .010 aluminum 

A l u m i ? ~  added t q  s e m b l y .  Brushed 
8151871 & DTA onto :exposed s i d e  of  
0.010 aluminum. I .  . * 

~ru 'khed  815/!871 & UIA onto one s i d e  
of 314 i n .  Styrqfoain. 

Added 314 i n .  Styrofoam t o  t h e  assem- 
bly.  
Brushed 8151871 L D ~ A  onto exposed 
s i d e  of S,tyrof.oam. ; 
I "  

Brushed 8151871 & DTA onto one s i d e  
of 0:OiO .aluminum.that w i l l  complete 
t h e p a n e l .  ' .  ' . 

Added 0.010' aluminum t o ,  t h e  assembly. 

Removed assembly from j i g .  

. :  
. . 

. . . 

Film t h a t  had been on g l a s s  f o r  3 ' 

weeks is  sponged wi th  wa te r . ,  
8151871 & DTA epoxy mix appl ied  t o  
f i l m  and allowed t o  cure  f o r ' 2 4  hours. 

Moved assembly t o  curved f i x t u r e .  
~dded ; :  ... 

0.. 020 aluminum sheet  
:3/'4 in'.. Styrofoam 
0.020~'aluniinum ' shee t .  

Used s tandard  packaging .mix of  " 

815/DTA epoxy. . . . . . . .. 
. . 
. . 

Reploved assembly from curved j i g .  . 
. .  . . . .  . . . 

' 

. . ,  .. . 
, . 

. . .  . . 
I 

Y 
I 

Dat.e'mf,g. 

2-17-'78 
cont 'd.  

, ' 

. . .  

. . . ' 

: 

. c .  

. . 

2-21-78 

. . 

2-24-78 

3-30-78 
. . 

. . . 

. .  . . . 
. .  

4-1-78 . 

. .  . . .  ,. ...- . 

Comrner~ts - d i spos i t , i on  
. , , . , . . . 

. . 
: 

\ '  

I 

Appearance good. Mirror cu t  t o  
s i z e . .  Adhesive q u a l i t y  is  , ,, . , . .., 
improved.. ' 

. . 
* I  

Mirror f a i l e d b e c a u ~ e  of a i r  voids.  

Destroyed. . 
. . . . . . 

Fi lm'appears .  t o ' b e  good. 

. s , . .  

. . . . 

. , 

, . .  
. - ,  

Panel f a i l e d '  -. 6rang'e pee l  e f fe 'c t .  
123 EX seemed f r e e  of voids  (March 
3C,'1978) whereas 12.4 EX and 125 EX 

:were, s u f f e r i n g  from 'void condiqions . . 
125 was t h e  worst  of; t h e  t h ree , ;  on 
t h e  b a s i s ' o f  t h i s  observa t ion .  1 

. z 



History  0.f Reflec. t ing Panel. Manufactlire ~ o n t ' d .  

.,.----- 

Con~ments - d i i p o s i t ~ o n  ' 
. . .  . .- 

. . .  

Panel f a i l e d .  ' 

' Large voids  and de4ts.  Epoxy (did 
not  bond smoothly t o  t he  aluminum - 
epoxy coa t  on film;was too  th in .  

. . 
Poor fjilm-epoxy bond. Krylon spray 
was not  used:,' - . 

. . 

. . 

After  cxaming oamplco 123. EX,  12'1 EX, 
and 125, EX i t  .was dccici.ed t o  r e t u m ,  
t o  the.  t h i c k '  epoxy techniques used 
t o  b u i l d  123 EX,.;because t h a t  p a r t i -  
c u l a r  'sample was f r e e  of voids.  

. 124 EX and 125 ~ x . b o t h  f a i l e d  a t  t h i s  
.time. . . 

, . .. . .  . . . . 

Rejected because of specu la r i t y .  

. .  
. . 

, . .. . ... . . 

, . . '  . ,  . ' . 
. . I 

Small amount, of orange p e e l  on, 
A p r i l  2L,, 1978.. ,127 EX was c ~ i t  tn  

becomp a .panel i n  t h e  midsection 
' of  .the. 1Ie l ios ta t .  Removed because . ' 

6f. :front  bond f a i l u r e .  . . . 

.. ,. 
. , . . , . . . 

. . . I 

1 .  

, '.. 

. 1  

Orange pee l ,  l a r g e  b lo t ches  (4-21-78) 

. . 
. . .  

Dzscripl:ion of  'manufacture 

.. 
.. . . - .  

' - 

.- 

: 

' : 

. . 
. . 

. 

Same 4s 123 EX 'except a s  fol lows:  ' 

. . 
.0.020 aluminum s'heets were used f o r  

. . this .  sample. 

Used 2 q t  of: epoxy m i x  8151871 
& DTA i n s t e a d  of 3/4' ga l .  Omitted 
f i b e r g l a s s  mesh ,from t h e  assembly. . 

. 
Removed assembly from curved j.ig., 

Same a s  126 EX. . . . 

. 

Film on g l a s s .  
Two c o a t s  of Krylon sprayed onto  f i l m  
back. 
Assembled package now c o n s i s t s  o f :  

. . 
f i lm 

, . .  . Krylon. spray ,  2 ' c o a t s  
one coa t  o f . . 8 1 5 / 8 7 1 / ~ ~ ~  epoxy m i x  . 

. O .  020. aluminum .. . 
. .3/4. i n .  Styrofoam . 

0.020 aluminum:: . 
The aluminum s h e e t s  and Styrofoam 
a r e  bonded wi th  ~I ,~/DTA, 10: l  m i x .  

. 

125EX 

126EX 

127EX 

. 

128EX 

. 

: 
> I  

. , 

. . 

. . .  

.. . , 
Date. mfg. 

. , " 

, ,conttd. '  

3-31-78 " 

, 

. 

4-3-78 . 

5-5-78 . 

. 

5-5-78 

. 

. L !  . . .  . 
. .  

. ,  . 
. #  

. G -  , . . . . .  . , .: . 
. 



. . History  of Ref1ectin.g Panel Manufacture ~ b n t ' d .  

. . .  .,- 

Comments - d i s p o s i t i o n  

. . 

On 4-.21-78 t h i s  mi r ro r  .was c u t  . i n t o  
a cen te r  panel and mounted t o  Ithe 

: h e l i o s t a t .  It was removed t h e  same 
day because of  a  f r o n t  bond f a i l u r e .  

, 

~ u s t  became trapped between t h e  
f i l m  and t h e  g lass .  

Poor specu la r i t y .  

B e t t e r  specu la r  appearance than  
130 EX, but  f i l m  leaked e p o y  onto  , 

: 

g l a s s ,  caus ing  tear ing .  Not usable.  

* 

. . 

B e t t e r  specu la r  appearance than  
130 EX. Some small  pock marks. 

132 EX was mounted t o  t h e  o u t e r  
per imeter  of t h e  h e l i o s t a t .  On, 
July 6; 1978 i t  was removed' because 
of bond' f a i l u r e  between t h e  aluminum 
a n d . t h e  f i lm. On J u l y  1 3  t h e  sample 
was c u t  up f o r  eva lua t ion ,  rebonded 
wi th  815/DTA znd s e n t  t o  Lawrence 
Livermore ~ a 6  a s  a sample. 

Fa i led  - a i r  voids .  . 

There was a smal l  de fec t  nea r  t he  end 
of t h e  r o l l ,  bu t  s p e c u l a r i t y  was , 

good. 

On Apr i l  21, 1.978, 134. EX was c u t  
i n t o  a midpanel. Subsequently, i t  
was removeci because of s t r o n g  
orange pee l  e f f e c t .  

Descr ip t ior :  of .&nufac ture  . 
.. . 

Same a s  126 EX 

, . . .  

. 
~ & e  a s  126 'EX, except :  

A new Krylon. spray  was used. 
Cure time was reduced 
from:. 48 hours , . 

t o :  1 8  hours 

Same a s  130 EX except:. 

Two. c o a t s  of Krylon spray were used. 
Curing time 18 hours'. 

. . 
Same a s  126 EX, except cu re , t ime  
shortened t o  18 hours . 

. . . . . . . 

Same a s  126 EX except:  
Dimensions have been reduced t o  

'37 in:x.45 in .  t o  make use  of 
scrap .  . 

Mirror removed from g la s s .  
I . .  

Same a s '  126 EX'  

K .  

129EX 

130EX 

131EX 

132EX 

133EX 

134EX 

Date mfg.: 
. - -  

4-10-78 

. 

4-13-78 

, 

4-13-78 

4-13-78 . 

4-17-78 

4-18-78 

4-20-78 



History of Ref lkcting.  Panel Manufacture ~ o n t " d .  

. . . . .  . - . , . , 
. . .  . ~ ~ m m c ~ t s  - d i spos i t ion  . .; 

. . .  . - - ., 

On Apri l  21, 135. EX (was cut  i n t o  a 
midpanel by avoid.ing the  orange . i 
peel s e c t i o n  and mounted t o  t h e  ! 
midsection of the .  h e l i o s t a t  . !On ; 
July  3; 1978, 135 EX'S f r o p t  bond '; 

. .  . .to a l h i n u m  f a i l e d .  
. . I  . , 

This w i l l '  be '  t h e ' l a s t  sample made , 
fromDunmole 393. * ' 

2C coated <=odlct w i l l  be used f o r  
futurb,camplr.s instead of 393, . ; 
because supply u f  393 is cxhauqtcd, 

. 

. . - I ; '  
I . .  : 

, . 

. . . .  . . .... 2 .:..,. ' 

-No void problcmn. : 
-.'-136 mduntrd to m i d s k t i o n  of ;; ' - ' ,  , 

h e l i o s t a t  and.subsequently removed ; 
on August 31, 1978,because of bond 
f a i l u r e .  

Specular appearance 'is good. Grid 
not  a s  good without Krylon. , 

h April  29, 1978, 137 EX; was $ut and 
mounted t o  t h e  h e l i o s t a t  midsection. 

On August 31, 137 EX: was removed 
from the  h e l i o s t a t  because of Eront 1 
bond f al.l.ure. 1 :  

. .  , I . . . . . . . . .  * . .  > 

~ p & c u i ~ i t  '$ipdarance good. i 
128 EX mouiteii t o  t h e  midsection of 1 
t he  h e l i o s t a t . .  .Oh August. 31, f978 4 
i t  was removed becaube both aluminum 5 
bonds fai led,  

. > .:. . i t .  , .  ' : .  . . - .  
'( - i 

Bond f a i l u r e  8-31-78; 
, 
i 

I 

i : 
i ! 

Specular i ty  f a i r  - small  a i r  voids '  I: 
not usahl~.. I 

! 

Front bond f a i l e d  ,8131178 . 
. .  . . . -  . . . . .  - > 

- - .. , ~. . . . . 

. ' .Descripti.on of manufacture . . 

- . -  . . 
. . . . . .  . . 
Same, 8s 126 EX. except 
e,p.oxy' mix was . . 

. . , 1125 gr&$ of '815 
'150 grams of DTA. 

18 hour cure i n  curved j ig.  
. . . .  . . . . . .  

. . 
: ,  * . . .  . s 

.s . . . . . 
, . ,  

i I . . . . . . .  
. Same a s  135 EX excep't: 
F i r s t  use of ~unmoreif i lm with 
2C overcoat. . . 

. . & ; .  . 
: 

. . . . .  ! 
. . . .  . . .  

. Same as  136EX' except: 
f i lm .was .not.,coated with Krylon 

. f o r ,  t h i s  -sample. 
- . .  

: . i . .  ' . . . . 
. . 

, . .  . 

. . .  ,, . , . I . .  

Same as '  136EX 
.-: 

.. . ,  

. ( I  

, ' . 
procedure 136 'EX -:.&ing 2C a s  2nd 
surface  mirror ,  18 hobr cure. 

.. ? . ; . ? : , ,  

: '~rocid<r& 1 3 8 ~ ~  
:.,. ' .  ' " I. . , . ' 

2 . .  : . , .  . _  I . . .  
i 

Procedure 138EX . ,  

?TO. 

1 3 5 ~ ~ .  
, . 

. . 
136EX 

137EX 

. <  . 

. 

138EX 

138EX 

.. 

1 3 8 ~ ~ .  

140EX 

Date mfg.., 

, 

4-20-78 

; . : .  
. . .  

.... 

. . ,  

. 
4.-25-78 . 

... 

' _  

. . .  
4-25-78 . 

. . 
. 

; r 

. I .  ' 

. . 

4-26-78 

. . . . .  
4-26-78 ' 

: , .,< . 
, % . ':. 

4128-78.' ' 

5-1-78 



Ris t o ry  c s l  Ref l e ~ t i n g  Panel  ~ a n u f ~ c t u r e  Contl.d. 

--.--- 

Comrnsntr, - d i s p o s i t o i n  

Front  bond f a i l e d  8/31/78. ' .. . 

Used f o r  dus t  c o l l e c t i o n  experiment. 

Herr ing  bond appearance de"elop6d 
a f t e r  5 day from removal from j i g .  

Poor s p e c u l a r i t y .  
Orange p e e l  e f f e c t .  
Destroyed. 

Poor. s p e c u l a r i t y .  
Sample des t royed .  

Used f o r  dus t  c o l l e c t i o n  experiment. 

Used f o r  dus t  c o l l e c t i o n  experiment. 

Poor s p e c u l a r i t y  

Good s p e c u l a r i t e  - s l i g h t  .orange 
pee l .  

Ai r  vo id  appeared a f t e r  a few dcys. 

Specu l a r i t y  good - s i n g l e  a i r  void - 
on h e l i o s t a t .  . 

- .  . . 

Specu la r i t y  good - shipped t o  ~ a n d i a i  

Specu l a r i t y  good - temperature c o n t r o l  
of cu r ing  process  i s  key t o  h e r r i n g  
bone and orange p e e l  e f f e c t s  i n  sam- 
p l e s  k d e  i n  June andl Ju ly .  

- 

D e s c r i p t i o n  of manufacture . ' . 
. i 

. . 

Procedure 138' Ek. . ' 

Procedure 138 EX. 

~ r d c k d u r e  138 EX. 

. .. 

Procedure 138 EX - e x t r a  t h i c k  
m a t e r i a l  DL50. 

Procedure 138 EX except  .a s i n g l e  l a y e r  
of k r a f t  paper was used t o  l i m i t  
t h i cknes s  of epoxy l aye r .  
Ma te r i a l  DL-50. ,. - ' . . .  . . . 

Procedure 173  -DL-50. 

Procedure 173 - Mate r i a l  DA2C. 

Procedure 173 -DL-50. 

Procedure 173. - doub le . l aye r  of  
k r a f t  paper.  

. . 

, Procedure 173  - . m a t e r i a l  DL-50 
second s u r f a c e  - double k r a f t  paper.  

Procedure 173 - one l a y e r  of  k r a f t  
paper. 

.. > 

Procedure 176 CU - sample made f l a t  
f o r  shipment t o  Sandia Lab f o r  test. 

. . 

Procedure ,173 - ' s i n g l e  paper - room 
temperature was c o n t r o l l e d  dur ing  

.cur ing  f o r  f i r s t  t i m e .  

Fio. 

141EX 

142EX 

150EX 

170EX 

173s 

179 

180 ' 

181 

182 

183EX 

184EX 

185s 

187EX 

Date mfg.. 

5-2178 

5-20-78 

5-25-78 

6-29-78' 

7-10-78 

C 
. , 

7-13-78 

7-14-(78' 

'7-15118 

7-17-78 

7-19-78 

7-25-78 

. . 

7-24-78 . 

7-27-78 



, His  t o r y  of R e f l e c t i n g  Pane l .Manufac ture  ~ o n t  'd.  
, . 

I K.,. 1 Date  mfg. 1 . D e s c r i p t i o n  of manufacture 

Proc.edure 173.-  m a t e r i a l  DL-50 second 
s u r f a c e , .  s i n g l e '  l a y e r  o f  k r a f  t paper  
Temperature c o n t r o l  o f  c u r i n g  pro- 

Procedure  188 EX. 
. , 

Procedure  188 EX. 
M i c a r t a  s h e e t  i n s e r t e d  t o  r e p l a c e  
epoxy - paper  l a y e r  - temp. 
c o n t r o l l e d  c u r i n g  - made f l a t .  

Procedure 1 9 1  PS. 

Conzsnts  - d i s p o s i t i o n  
. . .  , . . - .  . . . . . . ., 

. . 
~ n s t a l l e d , '  tfien removed when orange  ., 
p e e l  e f f e c t  developed 8/26/78. :, 

. . 

S p e c u l a r i t y  degenera ted  i n  s e r v i c e  - 
exposed t o  wea ther  on h e l i o s t a t .  
Removed from s e r v i c e  w i t h  o range  . 
p e e l  e f f e c t  9/78. ' . ' 

Same a s  188 EX. 

Same a s  188  EX. 
. .. 

. . . . 

~ p e c i 1 a r i . t ~  'good. 
Held as c o n t r o l  on f.l.atness. - 

Very good, s p e c u l a r i t y  - on h e l i o s t a t .  

S p e c u l a r i t y  good b u t  i n f e r i o r  t o  
' 

192 PS on h e l i o s t a t .  

Held f o r  e v a l u a f  i o n .  ~ c c e ~ t a b l e  . '. . 
. bu t  no improvement. Bond f a i l e d  . 
i n  s e r v i c e .  

' s p e c u l a r i t y  very. good - on h e l i o s t a t  
Micarta-to-aluminum bond f a i l e d  i n  
s e r v i c e .  

Micarta-to-a1uminum:bond f a i l e d  on . 
' I , . h e l i o s t a t  . :' . . 

Micarta- to -aluminum bond f a i l e d  on , 

h e l i o s t a t .  . . 



His to ry  of Re f l ec t i ng  Panel  M a n u f a c t ~ ~ r e  Cnnt ' d .  

Procedure 194 PSN. 

A 

Yo. 

L 

199PS 

200PS 

201PS 

202PS 

203PS 

205PS 

206 

207 

208 

209 

210 

2 1 r  

212 

Procedure 191  PS - m a t e r i a l  DL-50. 

Date mfg. 

8-22-78 

8-23-78 

8-24-78 

8-28-78 

8-29-78 

8-31-78 

9-7-78 

9-12-78 

9-27-78 

10-2-78 

10-3-78 

10-6-78 

Procedure 191  PS - 'mater ia l  DA-2C. 

Procedure 191  PS - m a t e r i a l  DA--2C. 

Procedure 191  PS - m a t e r i a l  DA-2C. 

Procedure- 191  PS - m a t e r i a l  DA-2C. 

Procedure 188 EX - Klinks Epoxy 
.used  a s  primer on aluminum surface..  

Procedure 206, 

Procedure 188 E.X - F i r s t  p:anel t o  be 
edge s ea l ed  w i th  b u t y l  rubber compour 

. . .  

Procedure 191  PS - DA-2C second 
s u r f  ace. 

Procedure 209. 
I 

Procedure 209 - b e t t e r  workmanship. 
. . 

1 

Procedure 209. 

Procedure 209. -: 

-- 
? ' 

Com:2ei~ts- - d i s p o s i t i o n  . 

. . 
Bonding f a i l e d  in. temperature ' 

cyc l ing  t e s t ' -  f reez ingl thawing . 
on h e l i o s t a t .  

End of  r o l l  f i l m  vo ids  appeared 
on h e l i o s t a t .  

On h e l i o s t a t .  

On h e l i o s t a t .  

.On h e l i o s t a t .  

Spare ma te r i a l .  

Aluminum bond f a i l e d  - st i l l  on 
h e l i o s t a t  t o  be  rep laced  soon. 

Aluminum bond f a i l e d .  

On h e l i o s t a t .  

Air  vo ids  - used f o r  .small  .saniples 

Also smal l  a i r  vo ids  - 
used f o r  samples. 

No a i r  void. 
. On h e l i o s t a t .  

On h e l i o s t a t  - e x c e l l e n t  q u a l i t y .  

On h e l i o s t a t  - e x c e l l e n t  q u a l i t y .  



. . 

H i s t o r y  of ~ e ' f l e c t i n ~  p a n e l  Manufacture ~ o n t ' d .  . . . 

. . . . ----.-- 

Cnimlents - d i s p o s i t i o n  , 

,Bond ' t e s t  i n d i c a t e s  great ' imerovement .  
i n  bodding s t r e n g t h .  . : 
Edge s e a l e d  and i n s t a l l e d  on . 
h e l i o s t a t .  . . 

On h e l i o s t a t .  . 

. . 

S p a r e  mate r , i a l .  

0 i . h e l i o s t a t .  . . 

S p a r e  mate r iak .  , 

(. ; '  . . 

S p a r e  m a t e r i a l .  

. . 

D e s c r i p t i o n  of ' manufactdre. . 

. . .  ' .  . 
' Procedure  209 '- e x c e p t  polyurethane.  

use  t o ,  prime aluminum s u r f  ace. 
. .. 

Prhcedure  2.16. 

- .  

. . 
Procedure  216. '. 

. . Procedure .  216. ' 

Procedure  216. ' ' , 

, ,  . ' . . , .  . .  

Procedure  216. , 

. . 

% .  

. . . .  . 

. 
8 0 ,  

216 

217 

218 

220.  

221 

I.,.;. 
22 

' d a t e  mlg.  

10-25-78 . . . - . . 

10'-30-78 

11-2-78 

11-9-78 

11-14-78. 

. #  

1.1-24-78 

. ! 



1II.E. R e f l e c t i n g  S p e c u l a r i t y  

S p e c u l a r i t y  is  a  measure of q u a l i t y  of a  r e f l e c t i n g  s u r f a c e .  An i d e a l  

r e f l e c t i n g  s u r f a c e  w i l l  r e f l e c t  p a r a l l e l  r a y s  p e r s e v e r i n g  i n  t h e i r  p a r a l l e l  

r e l a t i o n s h i p .  S p e c u l a r i t y  is  measured i n  terms of t h e  average  a n g u l a r  e r r o r  

i n  t h i s  p a r a l l e l  r e l a t i o n s h i p  in t roduced  by t h e  r e f l e c t i n g  s u r f a c e  and is  i t  

measured i n  a n g u l a r  u n i t s ,  commonly m i l l i r a d i a n s .  

D r .  Richard  P e t t i t ,  Sandia Albuquerque, has  s t u d i e d  t h i s  p r o p e r t y  and 

b u i l t  a  p r e c i s i o n  t e s t  f a c i l i t y  t o  make s p e c u l a r i t y  measurements. T h i s  

a p p a r a t u s  and i t s  use a r e  desc r ibed  i n  a  Sandia r e p o r t ,  SAND-76-5310. L i g h t  

emerging from a  s l i t  is  focused  t o  form an  image through two p a t h s ,  one 

c o n t a i n i n g  a .  m i r r o r  s u r f a c e  and.. one wi thou t .  The. i l l u m i n a t i o n  d i s t r i b , u t i o n  of  
t .  

t h e  image , i s  measured and through a. computer-derived r e l a t i o n s h i p  .de termined 
. ... 

by D r .  ~ e t t ' i t ,  a  measure of s p e c u l a r i t y  is determined.  , . Thig .c,okputer.-derived 
. . . * 

r e l a t i o n s h i p ,  copied  from t h e  Sandia  Repor t ,  is  shown i n  F igu re  15. . Lines  of 

uniform s p e c u l a r i t y  a r e  shown r e l a t i v e  t o  t h e  f r a c t i o n  of image l i g h t  pas s ing  

t h r o u g h  an a p e r t u r e  o f '  known a n g u l a r '  s i z e .  ~ e a ' s u r e d  image i l l u m i n a t i o n  

p l o t t e d  over  t h i s  s e t  of l o=us  cu rves  pe rmi t s  specu l . a r i t y  va lves  t o  .be,.., 

determined.  . . 

Brookhaven b u i l t  a  s imple  but  s imi l a r . , a r r angemen t  f o r .  measuring specu- 

, l a r i t y ' f o l 1 0 w i . n ~ ' - t h e  p e t t i t  concept .  A t ungs t en  l i g h t  sou rce  was s u b s t i t u t e d  
. . , . .  

f o r  D r .  P e t  t i t ' s  monochromatic source.  -Using t h i s .  t e s t  ..'f.ak.ility t o  measure 
. . . >  . . , .  , . ;. 

s p e c u l a r i t y ,  prhdycti 'on.  ne thods  a n d  product  q u a l i t y  were monitored.  Specu- 

l a r i t y  v a r i e d  du r ing  t h e  cour se  of p r o d ~ c t i o n  .but  improved a s  b e t t e r  handl ing  

methods were developed. A t y p i c a l  pr?duc.t d i sp l ayed  spe ' cu l a r i t y .  b e t t e r  than  . . .  . . . . ' .  . 
0.5 m i l l i r a d i a n s .  , .  , 

\ 



. . . . ANGULAR APERTURE ' . . 

- 4 .  

. . 
Figure 1 5 .  Computer derived L ~ @ C B ~ A P P ~ Y  nsmogriph,' 

. copied from Sandia Report SAND-76-5310 by Richard 
P e t t i t .  



BNL sample No. 45 was s e t  a s i d e .  and used t o  moni tor  s p e c u l a r i t y  .changes 

w i t h  ag ing .  Over a  10  month pe r iod  s p e c u l a r i t y  .degraded from 0.5 t o  0.6 

m i l l i r a d i a n s .  Most of t h e  change occurred  i n  t h e  f i r s t  6  weeks and no 

s i g n i f i c a n t  changes could  be observed du r ing  t h e  l a t e r  months. 

. . 
1 I I . F .  Mi r ro r  Focusing - Face t  Shimming 

. a 

The h e l i o s t a t  suppor t  d i s h  t o  which t h e  r e f l e c t i n g  f a c e t s  a r e  a t t a c h e d  

was no t  b u i l t  t o  t h e  p rec i s ' i on  r e q u i r e d  t o  gua ran t ee  focus .  The p l an  was t o  
. . 

shim each  f a c e t  a f t e r  assembly to  ' o b t a i n  proGer a l ignment .  While some 

p r o d u c t i o n  e n g i n e e r s  have exp res sed  t h e  q p i n i o n  t h a t  . t h e  . lowes t  p r o d u c t i o n  

c o s t  w i l l  be achi,eved by b u i l d i n g  p r e c i s i o n  t o o l i n g  t h a t  w i l l  f a b r i c a t e  t he  

suppor t  d i s h  w i th  t h e  nec 'essary accu racy ,  t h i s  o p t i o n  is  l e f t  t o  . t h e  f u t u r e .  

'The hand-operated f a c e t  a l ignment  procedure  d e s c r i b e d  h e r e  worked 

smoothly and i s  a d a p t a b l e  t o  au tomat ion .  The s e t u p  schemat ic  i s  ve ry  s imp le  

and is  shown i n  F igu re  16. A l a s e r  gun is  l o c a t e d  on an o p t i c a l  bench over  a  

r e f e r e n c e  p o i n t  and aimed t o  h i t  t h e  c e n t e r  of t h e  f a c e t ,  be ing  a l i g n e d .  

These r e f e r e n c e  p o i n t s  a r e  prede termined  marks on a  h o r i z o n t a l  r i g i d  ba r  and 

l i e  on a  l i n e  connect ing  t h e  f a c e t  c e n t e r  t o  t h e  d e s i r e d  c e n t e r  of c u r v a t u r e .  

When t h e  f a c e t  a l ignment  ' is ' c o r r e c t  t h e '  l a s e r ,  l i g h t  r e f l e c t e d  from t h e  

f a c e t  w i l l  r e t u r n  r . ; . ~  s t r i k e  t h e  c e n t e r  of t he  l a s e r  gun. For  a l l ' o t h e r  f a c e t  
1 - 

a l ignmen t s  t h i s  r e t u r n i n g  l i g h t  beam w i l l  . f a l l  on a  s c r e e n  p laced  i n  f r o n t  of 

t h e  l a s e r  gun. Th i s  s c r e e n  c o n t a i n s  a  c a l i b r a t i o n  p a t t e r n  from 'which ' 

c o r r e c t i n g  shim t h i c k n e s s  v a l u e s  can  be read .  (se: F i g u r e  1 7 ) .  When t h e s e  

shims a r e .  i n s e r t e d  under  t h e  r e f l e c t i n g  f a c e t ,  c o r r e c t  a l ignment  occu r s .  I n  

g e n e r a l ,  a  one-step shimming produces c o r r e c t .  a l ignment  but  o c c a s i o n a l l y  , 

* 
o p e r a t o r  e r r o r  makes. an a l ignment  i t e r a t i o n  . neces sa ry .  . 

A f t e r  a  h o r i z o n t a l  row of f a c e t s  is  a l i g n e d ,  t h e  h e l i o s t a t  d i s h  is  ro-. 

t a t e d  about  i t s  o p t i c a l  a x i s  t o  b r i n g  t h e  next  row of f a c e t s  t o  t h e  h o r i -  

z o n t a l ,  .and then  t h a t  row can be a l i g n e d .  Th i s  i s  r epea t ed  u n t i l  a l l  

f a c e t s  a r e  a l i g n e d .  The o p t i c a l  a x i s  is d e f i n e d  a s  t h e  normal t o  a  c e n t r a l  ' 

r e f l e c t i n g  f a c e t  which is  r i g i d l y  f a s t e n e d . t o  t h e  h e l i o s t a t  d i s h .  O r i e n t a t i o n  
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Figure 16. Laser alignment scheme. 



I1 ' 
of the h e l i o s t a t  frame is adjusted u n t i l  the  l a s e r  beam re f l ec t ed  from t h i s  

c e n t r a l  f a c e t  s t r i k e s  the l a s e r  t a rge t  cen te r  when the l a s e r  is operated from 

the  c e n t r a l  reference point. 

Alignment r e s u l t s  can be repeated; including removal and returning the 

whole d i sh  assembly to  the op t i ca l  bench. Frame o r i en t a t i on  is o f t en  

rechecked during the  alignment procedure a s  a precaution. An o p t i c a l  s i gh t  

was erected t o  f a c i l i t a t e  t h i s  check. Figure 18 shows an operator viewing 

through t h i s  s igh t .  Also v i s i b l e  i n  Figure 18 i s  the l a s e r  gun on the op t i ca l  

bench with the t a r g e t  screen removed and placed faceup on the t ab l e  i n  f ron t  

of the op t i ca l  bench. Figure 19 i s  a view looking a t  the h e l i o s t a t  over the 

l a s e r  gun. Only one row of r e f l ec t i ng  f a c e t s  was i n  place on the  h e l i o s t a t  

frame when t h i s  photograph was taken. Figure 20 i s  another view of the 

h e l i o s t a t  a t  t h i s  point i n  construction. 

Figure 21 i s  a view of the o p t i c a l  bench from behind the  p a r t i a l l y  

faceted h e l i o s t a t  frame. The t a rge t  screen is now i n  the proper posi t ion.  

Figures 22 and 23 show the f ron t  and r ea r  of the f inished h e l i o s t a t  d i sh  f u l l y  

assembled and i n  pos i t ion  on the l a s e r  alignment f a c i l i t y .  This d i sh  can be 

unbolted along a diameter f o r  t ranspor t  t o  the f i n a l  h e l i o s t a t  loca t ion  where 

i t  is  reassembled a s  described i n  Section 1II.H. 

1II.G. Motion Control 

The planned h e l i o s t a t  motion is  a s e r i e s  of small s teps  approximating 

the  i d e a l  smooth motion. These s teps  w i l l  be produced by a s ta r t - s top  a c t i o n  

of an e l e c t r i c  motor. This ac t ion  is idea l ly  generated by a stepping motor, 
4 

but such motors a r e  expensive. A low cos t  h e l i o s t a t  needs a more economical 

so lu t ion  t o  t h i s  stepping problem. 

A motor l i f e  test bed waS constructed i n  which motors with t h e i r  cont ro l  

schemes can be given accelerated l i f e  and other  c r i t i c a l  se rv ice  tests. 

The f i r s t  motor t e s t ed  was a modified induction motor with an induction 

" s t a r t "  windings. The normal cen t r i fuga l  s t a r t  switch cont ro l l ing  the " s t a r t "  

winding was removed and its funct ion replaced by a so l id  s t a t e  l og i c  package. 

This switch was removed because there  was no chance t h a t  it could survive t he  

l a r g e  number of operations ca l led  f o r  by the stepping act ion.  Operation of 



Figure 17. Screen from which correction shim values 
are read during laser alignment. 
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Figure 18. Laser optic* bench showing central 
alignment procedure. 



m 
Figure 19. View ~eolcIng ovoti tho top of laoer gun. 



Figure 20. Beliostat undergoing laser al'ignment 
with only.one row of reflecting facets in  place. 



Figure 21. View of l a ser  o p t i c a l  bench from behind 
the part ia l ly  faceted h e l i o s t a t  d ish .  



Fisuire 22. Fully faceted helibstat disk undergaing 
lasew alignment, f+ant v $ e .  



Figure 23. Rear view of halie~tat rlrsh in laecr 
a l i ~ ~ n e n t  farlllty. 



t h e  opera t ing  temperature of a l l  winding could be held  below design l i m i t s  f o r  
/ 

class-B-type i n s u l a t i o n  ( a  40°C temperature r i s e  above a 40°C ambient). 

Control  of t h i s  " s t a r t "  winding cur ren t  a l s o  provided a very u s e f u l  way 

t o  l i m i t  motor torque. This a l lows the  motor t o  s t a l l  without damaging t h e  

g e a r  t r a i n  o r  o the r  components of t h e  d r i v e  system. I f  t h e  torque is l imi ted  

i n  t h i s  way, opera t ion  under s t . a l l ed  cond i t ions ,  such a s  produced by i c e ,  w i l l  

be safe .  The s t a l l e d  cond i t ion  can then be sensed and proper a c t i o n  i n i t i a t e d  

by t h e  computer c o n t r o l  system. For example, the  motor might be allowed t o  

rest and powering attempted again  i n  30 minutes. I n  t h i s  way t h e  h e l i o s t a t  

r e t u r n s  t o  normal s e r v i c e  when t h e  i c e  mel ts .  The c u r r e n t  i n  the  "run" 

winding can be used t o  i n d i c a t e  t h e  s t a l l e d  cond i t ion  and provide information 

t o  the  s o l i d  s t a t e  l o g i c  package. Current i n  t h i s  winding drops when running 

speed is reached. 

Fur the r  development of t h e  motion c o n t r o l  system was stopped because of 

f i s c a l  l i m i t a t i o n s .  The motor c o n t r o l  l o g i c  package and t h e  necessary  

computer i n t e r f a c e s  were never developed although t h i s  c l e a r  path  was 

i d e n t i f i e d .  

1 I I . H .  H e l i o s t a t  Assembly 

The design of the  h e l i o s t a t  mechanism is a compromise between production 

methods t h a t  a r e  t o o l  i n t e n s i v e  and f a b r i c a t i o n  methods a v a i l a b l e  through t h e  

Brookhaven shop system. The Brookhaven shop system is planned and adapted f o r  

t h e  f a b r i c a t i o n  of custom hardware of unusual nature .  It is equipped f o r  a 

wide v a r i e t y  of p rec i s ion  t o o l i n g  and can accomplish almost any task. It is 

not  geared f o r  production and such work is normally moved t o  the  o u t s i d e  under 

subcontract .  

The frame f o r  t h e  h e l i o s t a t  d i sh ,  an important component from a weight 

cons idera t ion ,  w a s  engineered i n  considerable  d e t a i l .  This e f f o r t  r e s u l t e d  i n  

a very low weight design employing aluminum tubing and a U-shaped channel 

formed by bending. These pieces ,  shown i n  F igure  24, are welded toge ther  t o  

form t r u s s  assemblies which are t h e  s t r e n g t h  element of the  d i s h  s t r u c t u r e .  

These t r u s s e -  are i n  t u r n  welded t o  o ther  channel p ieces  t o  form the  d i s h  

frame as seen. i n  Figure  25. This  frame is  f i t t e d  wi th  r e f l e c t i n g  f a c e t s  and 



Figure 24. Bent tubing and U-shaped pieces that 
form .heliostat dish truss assembly. 

Figure 25. Heliostat dish support structure. 



al igned a s  descr ibed i n  Sect ion 1II.F. It is then unbolted along a diameter 

t o  be moved t o  the  f i e l d  where it is reassembled. 

F i e l d  assembly s t a r t s  with the  pouring of s i x  concre te  foo t ings  a s  seen 

i n  Figure  26 shown with  the  tubular  forms s t i l l  i n  p lace ,  The anchor b o l t s  

were placed i n  t h e  concrete  when wet and were held  i n  place  with a wooden 

alignment j ig .  When the  foo t ings  were ready the  base frame, shown i n  Figure  

27, was moved i n t o  place.  This p iece ,  t h e  heav ies t  i tem i n  the  f i e l d  assembly 

sequence, is secured with the  r o l l e r  hardware shown i n  Figure  28. 

Unlike the  h e l i o s t a t  d i s h  the  base frame was not c a r e f u l l y  engineered; 

ins tead  it had t o  be rushed through engineer ing t o  meet schedules.  It was 

very conserva t ive ly  designed and a s  a r e s u l t  i s  overweight. It i s  i n  t h i s  

base frame t h a t  major design improvements and weight reduct ion can be made by 

a c a r e f u l  three-dimensional s t r e s s  ana lys i s .  

Af te r  the  base frame was i n  p lace  and the  r o l l e r s  ad jus ted  f o r  f r e e  

motion t h e  r e a r  s t a t i o n a r y  s tanchion,  shown i n  Figure 29, was s e t  i n  p lace  and 

fas tened t o  the  base frame. Next t h e  movable s tanchion,  Figure  30, was s e t  

i n t o  ,p lace  and r o l l e r s  were f i t t e d .  The wedge pivot  s t r u c t u r e ,  Figure 31,  and 

t h e  spreader  arms were assembled t o  br idge between these  two s tanchions .  

The assembly was now ready t o  rece ive  t h e  f i r s t  ha l f  of the  mi r ro r  d ish .  

The base frame was temporar i ly  covered wi th  plywood t o  provide s a f e  f o o t i n g  

f o r  workmen and the  bottom d i s h  ha l f  was  l i f t e d  and l a i d  i n t o  place on the  

plywood a s  shown i n  Figure  32. This d i s h  ha l f  was bol ted t o  the Wedge P ivo t  

S t ruc tu re .  F i n a l l y ,  the  second ha l f  of the  d i s h  w a s  l i f t e d  i n t o  place ,  Figure 

33, and reassembled t o  t h e  previous ha l f  a s  seen i n  Figure  34. The f i n i s h e d  

assembly is shown i n  Figures 35 through 39 i n  var ious  opera t iona l  pos i t ions .  

The e n t i r e  assembly procedure can be conducted by a two-man crew without 

t h e  a i d  of a crane although a t h i r d  man makes the  procedure easy. A s  seen i n  

t h e  f i g u r e s ,  a d d i t i o n a l  manpower was used t o  assemble t h i s  f i r s t  Brookhaven 

prototype.  Experience gained i n d i c a t e s  t h a t  t h i s  was unnecessary. 



Figure 26. Hellostat footings. 

Figure 27. Heliostat base frame. 



Figure 28. Reliostat roller assembly. 



Figure 29.  mar s t a n o n  scancnion or nel iostat  assembly. 

Figure 30. Movable stanchion of hel iostat  assembly. 



Figure 31. Wedge pivot structure of heliostat assemblv. 

Figure 32. Heliostat undergoing field assembly - 
half dish in place on temporary plywood surface. 



Figure 33, Field erraction - second half of dish 
malring k t o  glicce. 

Figure 34. Meld assembly of hel;fosttt dish - two 
halves being bolted back together. 



Figure 35. Reliostsr pratotype in face dmQCJn wind 
avoidance posiqioa. 

Figure 36. BelXostat with dewe1,opmenC C m ,  





Figure 38. Hsli~stat prototme, front view. 





Once t h e  p r o t o t y p e  h e l i o s t a t  was completed,  p r e p a r a t i o n  was i n i t i a t e d  f o r  

a performance measurement. These p r e p a r a t i o n s  i nc luded  t h e  c o n s t r u c t i o n  of a n  

instrumente 'd  r e c e i v e r  l o c a t e d  on t o p  of a 20-foot tower. The r e c e i v e r  con- 

s i s t e d  of a 5-foot-diameter  114-inch-thick water-cooled copper  d i s k .  Copper 

c o n s t a n t a n  (type-T) thermocouples were l o c a t e d  a t  the. i n l e t  and o u t l e t  of t h e  

w a t e r  c i r c ' u i t  on t,he r e c e i v e r .  These thermocouples were connected d i f  f  eren-  

. ' t i a l ly  a t  t h e  r e c e i v e r ' b y  connec t ing  a l l  tt;e c o n s t a n t a n  t e r m i n a l s  together: 

The copper  l e a d s  were run  down t h e  tower v i a  s h i e l d e d  w i r e s  and were used t o  

measure wa te r  f low t empera tu re  d i f fe ren 'ces , .  A s i x  inch  wide aluminum shroud 

was p l aced  around t h e  back of t he  r e c e i v e r  and f i l l e d  w i t h  t h r e e  l a y e r s  of 

f i b e r  g l a s s  i n s u l a t i o n .  The tower was hinged so  t h a t  i t  cou ld  be r a i s e d  and 

lowered f o r  r e c e i v e r  m o d i f i c a t i o n s  a s  needed. Water f low was measured by a 

c a l i b r a t e d  f lowmeter .  The t a r g e t  was des igned  t o  c o n t r o l  t h e  tempera ture  of 

t h e  r e c e i v e r  t o  p reven t  degrading  t h e  a b s o r p t i v i t y  of t h e  f l a t  b lack  paiat on 

t h e  r e c e i v i n g  s u r f a c e .  The a b s o r p t i v i t y  of t h i s  b l ack  p a i n t ,  Rustoleum, was 

.measured on t e s t  samples t o  be  96%. 

With no i n p u t  from t h e  h e l i o s t a t ,  t h e  r e c e i v e r  was c a l i b r a t e d  f o r  energy 

g a i n  o r  l o s s  t o  t h e  ambient .  This  c o r r e c t i o n  inc luded  conduc t ive ,  convec t ive ,  

and r ad ' i a t i on  ' e f f e c t s .  F i g u r e  40 shows t h e  r e c e i v e r  ga in - lo s s  energy  cor- 

r e c t i o n  c h a r a c t e r i s t i c  a s  measured. The fo l lowing  e m p i r i c a l  r e l a t i o n s h i p  was 

d e r i v e d  f o r  t h e s e  d a t a .  

Rece ive r  C o r r e c t i o n ,  ( w a t t s )  = 24.59 (AT) + 0.364 ( I ) ,  

where AT i s  measured i n  O F  and I i n  w/m2.  

With t h e  t a r g e t  c a l i b r ' a t i o n  complete ,  h e l i o s t a t  performance measurements 

could  'be made. No au toma t i c  t r a c k i n g  was provided .  ' The s o l a r  image was k e p t  
. 

c e n t e r e d  on t h e  t a r g e t  manually. Measurements were made a t  10-minute i n t e r -  

v a l s  with.  a l l  r e a d i n g s  t aken  s imu l t aneous ly .  The raw d a t a  t aken  inc luded  a 

normal inc idenL ~ a d i a  Ci,on measurement w i t h  an Eppley Py rhe l iome te r .  
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Figure. 41' i s  a comparison of measured thermal  energy  c o l l e c t e d  by t h e  

rece ' iver  and t h e  coniputed thermal  energy  d i r e c t e d  t o  t h e  r e c e i v e r  by t h e  

h e l i o s t a t .  , . 

The computed thermal  energy  was ' based  on . t h e  fo l lowing :  

1. Average r e f l e c t i v i t y  - 84% 

2. H e l i o s t a t  r e f l e c t i n g  s u r f a c e  a r e a  - 165 f t 2  ( 4  o u t e r  pane l s  were 

no t  i n  p l a c e  du r ing  t h i s  expe r imen t ) .  

3 .  ' ~ e c e i v e r  a b s o r b a b i l i t y  - 96%. 

4. Computed c o s i n e  of t h e ' , a n g l e  between t h e  incoming s o l a r  ray  and a 

normal  t o  the '  h e l i o s t a t .  . . . 
. , 

The two cu rves  of F igu re  41 a r e  i n  good agreement and d i f f e r  by no more 

t h a n  - +2-112%. ' Such measurements were conducted p e r i o d i c a l l y  from J u n e  1978 t o  

September 1978 a t  v a r i o u s  s o l a r .  intensities. The performance t e s t i n g  began i n  

June  w i t h  good 'agreement between measured and computed . thernial  v a l u e s ,  bu t  
' 

g r a d u a l l y  a  l a r g e r  and l a r g e r  d i s c repancy  appeared.  The computed va lue  w a s  

a lways h i g h e r  t han  t h e  measured v a l u e  and a d i f f e r e n c e  o f  25% Gas reached.  

F i n a l l y  t h i s  d i s c repancy  was t r a c e d  t o  a  number of m i r r o r  f a c e t s  whose , 

r e f l e c t i n g  s u r f a c e  had de l amina t ed ,  d e s t r o y i n g  t h e i r  s u r f a c e  q u a l i t y .  Without  
. . 

t h e  p rope r  s u r f a c e  q u a l i t y ,  t h e s e  m i r r o r  f a c e t s  "ere '  n o t ,  c o n c e n t r a t i n g  energy  
. . 

on t h e  r e c e i v e r .  When t h e s e  d e f e c t s  were c o r r e c t e d ,  good agreement  was a g a i n  

ob ta ined .  The cause  of t h e  de l amina t ion  is discu.ssed i n  Sect . ion 1.11.-~.2. 

F i g u r e  41 5s  a  performance measurement' made a f t e r  a l l  t h e  d e f e c t i v e  m i r r o r  

f a c e t s  were i d e n t i f i e d .  
. . 

i ... 
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experimental results. 



SECTION V . . 

; REFLECTING FILM DEVELOPMENT , 

V.A. Why Plastic Reflecting Film? , 

A mirror facet that cannot flex must be supported on a mechanical 

structure which also dies not flex, or the facet must be 'shielded fib* f leiing 
motion through flexible fastenings. Both of these .conditions are undesfrable., 

A mechanical structure designed to limit' flexure under wind force is massive 

and more costly than one allowed to 'flex. Alternatively, slip joints or other 

slide' fastenings may freeze through the act'ion of ice' or other 'foreign 

contamination and fail to act. Thus the use of slip' joints has a longevity . . 

'uncertainty and therefore. ici also' not attractive. 

Flexible.mirror facets can bet k d e  from plastic film or from thin . 

laminated glass. Both have advantages and disadvantages. Some of these are 

listed as follows: 

Laminated Glass 
, . 

Advantages Disadvantages 

Fragile to impact Reflectivity 

Specularity High cost 

Plastic .Film 

Advantages ' . 

Low cost . 

Disadvantages 

,weatherability . 

Reflectivity 

Specularity 



From t h i s  l i s t i n g  i t  is c l e a r  t h a t  the  laminated g l a s s  approach while 

more c o s t l y  o f f e r e d  prospects  f o r  s u p e r i o r  performance and contained l e s s  

developmental  r i s k .  The p l a s t i c  f i lm path  required t h a t  t h r e e  major t e c h n i c a l  

o b s t a c l e s  be overcome, namely, lower r e f l e c t i v i t y ,  poor s p e c u l a r i t y  when 

bonded t o  a  suppor t ing s u b s t r a t e ,  and r e l a t i v e l y  shor t  l i f e  when exposed t o  

t h e  weather. The judgment of t h e  Brookhaven resea rch  team was t h a t  the low 

c o s t  p o s s i b i l i t y  o f fe red  by the  p l a s t i c  f i lm opt ion j u s t i f i e d  the  resea rch  

e f f o r t  necessary  to  so lve  the t e c h n i c a l  problems. Thus the  h igher  r i s k  pa th  

was chosen. 

E a r l y  l a b o r a t o r y  experiments produced a  f a b r i c a t i o n  method f o r  bonding 

p l a s t i c  f i l m  t o  s u b s t r a t e s  y i e l d i n g  e x c e l l e n t  s p e c u l a r i t y  ( l e s s  than 1  

m i l l i r a d i a n ) .  This f a b r i c a t i o n  method i s ' d e s c r i b e d  i n  d e t a i l  i n  Sect ion 

1 I I . D .  and e l imina ted  one of the  t e c h n i c a l  o b s t a c l e s . t o  success .  . 

V.B. ,  R e f l e c t i v i t y  and Wea t~herab i l i ty  - Dunmore Subcontract  

A cdopera t ive  'resear'ch' p r o j e c t  between ~ r o o k h a v e d  and ' the  Dunmore 

Corpora t ion 'o f  Newton, PA. was i n i t i a t e d  . f o r  the  purpose o f .deve lop ing  a  

p l a s t i c  r e f l e c t i n g  m a t e r i a l  wi th  high s o l a r  r e f l e c t i v i t y  and. good weatherable 
. . .. 

l i f e .  Dunmore suppl ied  product ion m a t e r i a l s  t h a t  had 'been used i n  o t h e r  

. a p p l i c a t i o n s  and were mass produced a t  low cost . .  These m a t e r i a l s  were- I C I  

America p o l y e s t e r  f i l m s  manufactured under the  brand name Melihex 442  and were 

aluminized and given a  p r o t e c t i v e  overcoat  by Dunmore. . 
' 

One of these  m a t e r i a l s ,  200 Dunchrome-393, proved t o  he i n t e r e s t i n g .  A s  

a  f i r s t  su r face  mi r ro r  i t  has an i n i t i a l  r e f l e c t i v i t y  of 84%.  rookh haven was 

. a b l e  t o  f a b r i c a t e . t h i s  f i l m  i n t o  laminated packages wi th .  good s p e c u l a r i t y .  

Dunmore with help  from Brookhaven would a t tempt  to  improve t h e  l i f e  and 

r e f l e c t i v i t y  .of t h i s  product.  During the  l a t t e r  p a r t  of 1977, they produced 

3U samples of f i l m  wi th  va r ious  p r o t e c t i v e .  overcoats.  These 'overcoa t s  were 

a p p l i e d  with a  granure process  and included a c r y l i c s ,  p o l y e s t e r s ,  and crossed 
. . 

l i n k e d  polyes ter -ure thane mate r i a l s .  Table V.1- l i b t s  .these mate r i a l s .  ' , 



Table V. 1 

Overcoating Materials List 

Dummore 
Product No. 

393 
., 73x1 

7 3x2 
. 73x3 

73x4 
7 3x5 
7 3x6 
73x7 
73x8 
73x9 
73x10 
73x1 1 
73x12 
73x13 
73x14 
73x15 
73x16 
73x17 
73x18 
73x19 
73x20 
73x2 1 
73x22 
73x23 
73x24 

Overcoat 
Generic type 

Polyester 
Polyester urethane 
Acrylic 
Urethane 
Acrylic 
Thermosetting acrylic 
Vinyl acrylic 
Acrylic 
Thermosetting-modified PET 
Thermosetting-modified PET 
Thermosetting-modified PET 
Vinyl acrylic 
Acrylic 
Waterborne aliphatic urethane 
Polyester utethane 
Vinyl urethane 
Thermosetting vinyl 
Thermosetting polyester 
Thermosetting vinyl polyester 
Polyester urethane 
Thermosetting vinyl polyester 
Modified oilf ree alkyd 
Cellulose modified acrylic 
Aliphatic acrylic urethane 
Acrylic (proprietary, vendor 
would not divulge) 

UV-Cured acrylate 
Polyester primer and polyester 
urethane topcoat 

Acrylic primer and silicone 
topcoat 

Waterborne acrylic lacquer 
Thermoseting urethane . 
Silicone-modified polyester ' 

Polyester 

External 
uv 

Stabilized 

Yes 
Yes 
Yes 
No 
No 
No 
Yes 
Yes 
No 
No 
No 
Yes 
No 
No 
N 0 
Yes 
Yes 
No 
No 
No 
No 
Yes 
Yes 
No 
No 

No 
N 0 
No 
Yes 



The r e f l e c t i v i t y  'of each v i r g i n  sample was measured a t  v a r i o u s .  s i t e s  on. 

t h e  sample and an average. r e f l e c t i v i t y ,  obta ined.  Also the  r e f l e c t i v i t y  of 

eabh sample .was measured a t  va r ious  s o l a r  i n t e n s i t f e s .  A l l  t h e  d a t a  taken f o r  

each sample were c o r r e l a t e d  r e l a t i v e  t o  the  s o l a r  i n t e n s i t y  using a  l i n e a r  

l e a s t ,  squares.  f i t .  

, I t  is  i n t e r e s t i n g  t o  note t h a t  the  r e f l e c t i v i t y  of a l l  the  samples 

measured had a  nega t ive  dependence on s o l a r  i n t e n s i t y  s i m i l a r  t o  t h a t  shown i n  

Figure  42. . Two f a c t o r s  produced t h i s  r e s u l t .  A t ,  lower s o l a r  i n t e n s i t i e s  more 

i n f r a r e d  is p resen t  i n  the  . s o l a r  spectrum and aluminum has a  b e t t e r  c o e f f i -  

c i e n t  of r e f l e c t i o n  f o r  i n f r a r e d  than f o r  v i s i b l e  l i g h t .  Also the  .p ro tec t ive  

overcoats.may b e . s e l e c t i v e  i n  t h e i r  absorpt ion.  s p e c t r a .  The v i r g i n  

r e f l e c t i v i t y  a t  s o l a r  i n t e n s i t i e s  corresponding to t y p i c a l  air.hess 1 and air  

mass 2 cond i t ions  f o r  t h e  30 samples is summarized .in Table ~ . ' 2 .  
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Table V.2 

Summary of R e f l e c t i v i t y  o f  Virgin  Samples 

BNL Dunmore % R e f l e c t i v i t y  Slope % chan e Overcoat 
sample sample Air mass, ' ' .  Air mass per 1000 W/m B th i ckness ,  

1 2 in. . : .  ' :  , . 
' No. No. 

" 10BNL 393 82.6 83.6 . 5.62 0.00081 
samples ' . 

38Bh38C 73x1 77.1 78.7 9.09 0.00081 
39B639C 73x2 76.9 79.2 9.09 0.00116 
42 73x3 80.8 82.2 8.14 0.00038. . , ,. ' 

43 '73x6 81.3 82.2 4.92 0.00076 
' 44 7 3x5 81.7 . .  83.6 5.35 0 ~ 0 0 0 6 0  , 

50 . 7 3x6 81 .O .82.0 5.10 0.00086 
5 1 7 3x7 * - - - - 
52 . 7 3x8 80.6 8t.O 2.20 0.00013 
53 . 73x9 81.9 82. US' 0.3'1 0.00042 I 

5 4 73x10 76.7 77.9 .-6.97 0.00021 . 
55 . 73x1 1 82.1 . 81.8 -0.84 , 0.00025 
5 9 73x12 82 .O - 82.2 -1.1.4 0.00037 
60 73x13 78.8 80.2. . -7.33 0.00078 
6 1 73x18 78.8 77.9 -4.31 0.00052 
62 . 73x15 81.5 ' 84  .O -13.60 0.0002.1 
7 0 .73X16 81.1 ' 82.2 -6.12 0.00021. , 

7 1 73x17 79.2 80.5 -7.54 0.00009 
7 2 73x18 79.2 ' 79.5 -1.61 0.00015 
7 3 73x19 . 77.8 79.5 -9.59 0.00015 ' . . 
7.4 73x20 84.1 84.6 -2 .'98 ' .  ' '' 0.00015 
7 7 73x21 83.5 . 84.1 -3.07 0.00010 
79 73x22 . 81.6 82.7 -6.31 0.00004' 
80 . 73x23 82.2 83.3 -6.13 0.00017 ' 

8 8 7 1x 24 R5.3  8 6 , l  =/I .31 . 0.00015 
8 9 . 73x25 84.1 84.6 3.05 0.00007 
90 . 73x26 73.9 :. 80.6 -4.24 . 0.00009 
9 1 73x27 83.5 . .  83.7 -1.07 ' . 0.00031 
92 73x29 81.02 82 .O1 -5.59 .. , 0.00008 
110 73x30 ' 77.54 . ,7 8.. 4 0 . -4.85 '0.00010. , 

'169 , Dl-50 74.6 78 .'9 - - 
(.2nd surf ace  mirror) 

- 
. . 

*Note both samples o f  73x7 overcoat damaged a t  Brookhaven by a  113 ammonia 
and water s o l u t i o n  whi le  c leaning.  



Of the  30 s p e c i a l l y  prepa'red samples, only 6 exceeded the  o r i g i n a l  393 . 

m a t e r i a l  i n  r e f l e c t i v i t y  and only  1 ,  sample 73x24, reached the  r e f l e c t i v i t y  

o b j e c t i v e  of 86%. . . 

Other.  samples were exposed t o  an a c c e l e r a t e d  w e a t h e r a b i l i t y  t e s t .  This 

a c c e l e r a t e d  l i f e  t e s t  cons i s t ed  of an A t l a s  DMC twin a r c  weatherometer '  

, employing a' duty cyc le  of 102 min of a r c  l i g h t ,  followed by an a d d i t i o n a l  18 

min of a r c  l i g h t  and water spray. This cyc le  was cont inuously  repeated.  The 

samples were v i s u a l l y  examined d a i l y  during t h i s  exposure. 

300 hours i n  the  acce le ra ted  t e s t  is  equ iva len t  i n  u l t r a v i o l e t  exposure 

t o  1 year  of r e a l  time exposure i n  north-temperate l a t i t u d e s .  Each of the  30 

overcoated samples was given a 300-hour a c c e l e r a t e d  l i f e  exposure a s  a f i r s t  

s t e p  i n  determining candidates  f o r  f u r t h e r  work. Samples t h a t  had acceptable  

i n i t i a l  r e f l e c t i v i t y  and t h a t  s a t i s f a c t o r i l y  survived the  f i r s t  300 hours of 

a c c e l e r a t e d  exposure were subjected to  a d d i t i o n a l  exposure. 

The o r i g i n a l  393 overcoated m a t e r i a l  was a l s o  given a d d i t i o n a l  exposure 

and became the  re fe rence  sample f o r  gauging improvement. Figure 42 p l o t s  

s o l a r  i n t e n s i t y  ve r sus  r e f l e c t i v i t y  f o r  t h i s  393 re fe rence  sample a s  measured 

before  and a f t e r  exposure t o  1906 hours of a c c e l e r a t e d  l i f e  t e s t .  Af te r  t h i s  

exposure,  equ iva len t  t o  6.3 yea r s ,  the  r e f l e c t i v i t y  has dropped 8.4%. Table 

V.3 summarizes the  s o l a r  r e f l e c t i v i t y  changes t h a t  occurred i n  the  acce le ra ted  

l i f e  t e s t  f o r  the  393 m a t e r i a l  and c e r t a i n  promising a l t e r n a t e s .  

Only m a t e r i a l  73x8 and 73x9 were subjected t o  the  6.3 yea r  equivalent  

exposure. M a t e r i a l  78x8 showed the  smal ler  l o s s  i n  r e f l e c t i v i t y  but  d i sp layed  

a lower v i r g i n  r e f l e c t i v i t y .  

No c l e a r l y  improved overcoat  m a t e r i a l  could be i d e n t i f i e d .  

The body f i lm (Melinex) was not uv s t a b i l i z e d  and t h e r e f o r e  t h i s  f i l m  

could not be used a s  a second su r face  r e f l e c t o r .  L a t e r  Dunmore modified the  

body m a t e r i a l  t o  include a uv s t a b i l i z e r  and renamed t h i s  m a t e r i a l  DL-50. A 

second su r face  mirror  made from t h i s  DL-50 m a t e r i a l  became a candidate.  The 

r e s u l t i n g  r e f l e c t i v i t y  was disappoint ing.  A s o l a r  r e f l e c t i v i t y  below 78.9 was 

measured. 



TABLE V. 3 

Summary of Solar Reflectivity With Exposure in ~ccelerat6d Life Tests 

Equivalent 
Dunmore Reflectivity Hours years 
Material ~ e f l e c t i v i t ~  after ' Reflectivity accel. weather- 

BNL No. no. virgin accel. exp. decrease exp. ability 

111,112 393 83.6 76.4 8.6 1906 6.3 

43,115 73x4 . 82.2 74.9 8.9 1596 5.3 

169. DL7 5 0 78.9 - - - - 
" (2nd 
Surf ace) 

DL- 5 0 
(1st ' 
S1.1rfacc) 

A finished mirror panel made from dunmore mattrial 393 was sear to che San 

Alburquerque Laboratory for testing and evaluation. The tests were conducted 

through arrangements made with Mr. L. G.' ~ainhart. Reflectivity versus 

illuminationn wavelength.was measured both upon arrival and aftet a 1000 hour 

exposuree to ultraviolet right. The reported results are shown in Figure , 4 3 .  

The average total spectrum reflectivity did not change measurably as a result 

of the ultraviolet exposure although the reflectivity/wavelength distribution 

character was altered. 
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SECTION V I  

WIND-SOLAR INSOLATION STUDIES 

V1.A. Analys is  . 

The purpose of t h i s  wind-solar i n s o l a t i o n  c o r r e l a t i o n  s tudy i s  two- 

f o l d .  

1. To t e s t  the  v a l i d i t y  of the wind-avoidance concept descr ibed i n  

S e c t i o n  1 I I . A .  

2. To develop an . o p e r a t i o n a l  scenar io  f o r  the  . h e l i o s t a t  fold-down 

a c t i o n  t o  accomplish wind avoidance while maximizing s o l a r  energy 

c o l l e c t i o n .  

Nine yea r s  of hour ly  cl imatology d a t a  f o r  Upton, NY were s tud ied  a s  a 

f i r s t  s t ep .  tlourly s o l a r  i n s o l a t i o n  as ~ueasurad on a I ~ o r i z o n t a l  su r face  w a s  

summed t o  determine the  q u a n t i t y  received a t  wind speeds below a s p e c i f i e d  

value .  This wind speed value  was incremented from zero  i n  1 mph s t e p s .  The 

wind readings  a t  37 f e e t  above the  su r face  were used i n  t h i s  ana lys i s .  The 

r e s u l t  is  d i sp layed  i n  ~ i g u r e  44. The dashed l i n e s  show the  extreme r e s u l t s  

f o r  i n d i v i d u a l  y e a r s ,  and the s o l i d  l i n e  i s  the  computer-derived mean. The 

y e a r  1970 was omitted from the a n a l y s i s  because a l a r g e  block of d a t a  was 

miss ing a s  a r e s u l t  of instrument f a i l u r e  t h a t  year. 

The r e s u l t s  were encouraging and i n d i c a t e  t h a t  95% of a l l  s o l a r  energy 

rece ived  a t  Upton, N Y ,  occurs wi th  wind speeds below 15 mph f o r  a t y p i c a l  year ' 

and during a worst case  year  93% could be c o l l e c t e d ,  i f  the  h e l i o s t a t  were 

taken out of s e r v i c e  and 'folded facedown f o r  wind speeds above 15 mph. 

To eipalid the  scope of t h i s  wind-inoolation c o r r o l s t i o n ,  SUME'L' tapes f o r  

12  a d d i t i o n a l  l o c a t i o n s  were obtained and s i m i l a r l y  processed. These 

l o c a t i o n s  were: 

Bj.smarck, ND , 
B L ' u w I L ~ v ~ ~ ~ ~ ,  TX, 
Caribou,  M E ,  
Dodge Ci ty ,  KS, 
Fresno,  CA, 
Lake Char les ,  LA, 
Miami, FL, 
Nashvill-e, TN, 
Phoenix, AZ, 
Santa Maria, CA,  
~ e a t t l e ,  WA, 
Washington, DC. 

A map showing these  l o c a t i o n s  is presented i n  Figiire 45, and the  expa~~rlerl  

r e s u l t s  a r e  shown i n  F igures  46 and 47. 
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Figure 45. Location of cities chosen for wlnd- 
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Most of the  new l o c a t i o n s  analyzed experienced more wind and the  wind- 

speed l i m i t  f o r  the  wind-avoidance concept had t o  be increased.  The 15-mph 

l i m i t ,  s a t i s f a c t o r y  f o r  Upton, NY, was not s a t i s f a c t o r y  f o r  most o t h e r  

l o c a t i o n s .  A wind-speed l i m i t  o f  20 rnph was s a t i s f a c t o r y  f o r  a l l  l o c a t i o n s  i n  

t h e  E a s t  Coast steam technology area .  Only the  following l o c a t i o n s  analyzed 

were too  windy t o  permit t h e  20 rnph wind avoidance c r i t e r i a :  

Bismarck, ND, 
Brownsvil le,  TX, 
Caribou,  ME, 
Dodge Ci ty ,  KS. 

Caribou,  Maine, is too f a r  nor th  t o .  be an accep tab le  s i t e  fo'r a  s o l a r  

steam i n s t a l l a t i o n .  The o the r  t h r e e  l o c a t i o n s  a r e  i n  t h e  Great  P l a i n s  f o r  

which a strnn.get  helinstat must  be devel.oped. For these  l o c a t i o n s  energy 

c o l l e c t i o n  must occur a t  wind speeds up t o  25 mph. 

A s  a  r e s u l t  of t h i s  a n a l y s i s  the  h e l i o s t a t  prototype b u i l t  a t  Brookhaven 

was designed t o  hold a s o l a r  image on t a r g e t  f o r  wind speeds up t o  20 mph. A t  

t h i s  wind speed the  image was allowed t o  be half-off  t a r g e t .  

V1.B.  Wind Gusts 

The up-posit ion h e l i o s t a t  damage l i m i t  i s  determined from wind gus t  

s t u d i e s .  Once the  wind speed exceeds the  wind-avoidance l i m i t  (20  rnph i n  t h e  

p ro to type  c a s e ) ,  a  h e l i o s t a t  fold-down sequence is i n i t i a t e d .  This process  

may r e q u i r e  from 10 t o  15 minutes. How s t rong  w i l l  the  wind gus t  be dur ing  

t h i s  fold-down time? 

One-year wind-gust d a t a  records  from Upton, NY and from the  nearby 

Rrnokhaven Ai rpor t  were obta ined and searched f o r  per iods  of h igh wind- 

( g r e a t e r  than 30 rnph). The wind gus t  records  f o r .  the  worst of these  pe r iods  

a r e  shown i n .  Figure  48. I n  one case  (3119175) the  wind speed reached 40 rnph 

15 minutes a f t e r  c ross ing  the 20-mph c r i t e r i o n .  A h e l i o s t a t  opera t ing  a t  t h i s  

time could haJe  experienced a 40-mph gus t  before reaching,  the safe fold-down 

p o s i t i o n .  Th i s  case  occurred a t  n igh t  when the  h e l i o s t a t  should be i n  the  

fold-down p o s i t i o n  and thus  would have escaped exposure t o  t h i s  gus t .  D r .  S .  

Sethuraman, Brookhaven meteoro log i s t ,  advised us t o  ignore  t h i s  f a c t  s i n c e  
' 

t h e r e  is ,no i d e n t i f i a b l e  day-night preference  f o r  high wind storms. 
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Figure 47. Wind-solar insolation history continued. 
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Figure 48 .  Wind gust record Upton, hY, and 
Brookhaven Airport. 



I n  d e w  of t h i s  wind-gust r e c o r d ,  a  h e l i o s t a t  damage wind v e l o c i t y  

c r i t e r i o n  o f ' 5 0  mph was imposed f o r  t h e  up-pos i t ion .  Th i s  gave a  10 mph 

s a f e t y  above t h e  worst  g u s t  i d e n t i f i e d  i n  t h e  a n a l y s i s  desc r ibed .  Wind g u s t s  

of  50 mph a r e  r a r e  i n  t h i s  ar'ea. and no r eco rd  of such v e l o c i t y  could  be found 

f o r  s u n l i g h t  c o n d i t i o n s .  I n  genera.1, such wind v e l o c i t i e s  occur  du r ing  o r  

p reced ing  h u r r i c a n e s  f o r  which ample warnings a r e  now given.  

V I .  C. O p e r a t i o n a l  Scena r io  

The fo l lowing  o p e r a t i o n a l  s c e n a r i o  is  recommended. 

1. .The h e l i o s t a t  is t o  be s t o r e d  i n  t h e  f u l l y  fold-down p o s i t i o n  d u r i n g  

a l l  n o n s o l a r  hours  ( n i g h t  and c loudy) .  . . 

2. The h e l i o s t a t  i s  t o  be r a i s e d  and made t o  t r a c k  du r ing  s u n l i g h t  

p e r i o d s  w i th  wind speeds  below 20 mph. 

3.  The f  old-down sequence is  t o  be i n i t i a t e d  when . t he  5-min mean wind 

speed exceeds 20 mph. 

4 . .  The h e l i o s t a t  is t o  be he ld  i n  fold-down p o s i t i o n  du r ing  p e r i o d s  of 

p r e d i c t e d  h u r r i c a n e s  and o t h e r  bad weather  c o n d i t i o n s .  



. SECTION V I I  

HELIOSTAT OPTICS AND FIELD CONFIGURATION 

A h e l i o s t a t  can be b u i l t  t o  produce a  good image on-axis .but a s  t h e  image 

moves o f f - a x i s  a  d i s t o r t i o n  occurs  which is a  f u n c t i o n  of t h e . o f f - a x i s  ang le  

and t h e  f  number of t h e  o p t i c s .  The f  number is  de f ined  i n  t h e  normal way and 

is  t h e  f o c a l  d i s t a n c e  d iv ided  by the  o p t i c a l  a p e r t u r e ,  which i n  t h i s  ca se  is 

t h e  h e l i o s t a t  d i ame te r .  The f  numbers a r e  l i s t e d  f o r  each h e l i o s t a t  c l a s s  i n  

Tab le  V I I . l .  

H e l i o s t a t s  nea r  t h e  t a r g e t  tower but  not  d i r e c t l y  n b r t h  of i t  encounter  

t h e  g r e a t e s t  o f f - a x i s  c o n d i t i o n s .  Off-axis  d i s t o r t i o n  i n c r e a s e s  r a p i d l y  f o r  

h o l i o o f a t o  l o c a t e d  oouth of t he  tower*  Decausc of this u l f - d a i s  3 l sLurLluu  uf 

t h e  image, a c a r e f u l  reviewtof t h e  o p t i c s  is r e q u i r e d  t o  d e s i g n  the  proper  

h e l i o s t a t  f i e l d  f o r  a small "power tower" s o l a r  energy c o l l e c t o r .  

To accomplish t h i s  a n a l y s i s ,  a  s imple  r a y  t r a c i n g  computer program was 

w r i t t e n  and used as a des ign  t o o l .  T h i s  s imple  program w a s  made p r a c t i c a l  

because  of t h e  r e l a t i v e l y  small 'number o f . h e l i o s t a t s  planned. 

Each h e l i o s t a t  was d iv ided  i n t o  an 11  x 11  f a c e t e d  a r r a y  (121 f a c e t s )  and 

t h e  r a y  from each f a c e t  of every  h e l i o s t a t  was fol lowed and r e s u l t s  summed'. 

The, l i n e  of s i g h t  from each  f a c e t  t o  t h e  sun and t o  t h e  t a r g e t  was. t e s t e d  f o r  

o b s t r u c t i o n .  This  s u b r o u t i n e  was u s e f u l  a s  a s e p a r a t e  r o u t i n e  f o r  p re l imina ry  

h e l i o s t a t  f i e l d  des ign .  I n  g e n e r a l ,  d e s i g n s  w i t h  optimum shadowing were a l s o  

optimum o v e r a l l  and needed only  t o  be performance eva lua t ed .  

A r a y  t h a t  w a s  no t  shadowed was t e s t e d  t o  s e e  i f  i t  i n t e r s e c t e d  the tar- 
g e t .  I f  so ,  energy from t h a t  f a c e t  was accrued wi th  a s s igned  weight ing  

f a c t o r s .  Two weight ing  f a c t o r s  were used. One, propoi - t ional  t o  t h e  average  

of t h e  f a c e t  a r e a  p r o j e c t e d  normal t o  t h e  i n c i d e n t  s o l a r  ray--namely, t h e  

c o s i n e  of t h e  ang le  of incidence of t h a t  f a c e t ,  and t h e  s w n n d ,  p r n p n r t i . o n a l  

t o  t h e  i n t e n s i t y  of t h e  normal i n c i d e n t  s o l a r .  i r r a d i a t i o n  f o r  t h a t  hour and 

d a t e .  The s o l a r  i n t e n s i t y  weight ing  f a c t o r s  were ob ta ined  from t h e  ASHRAE 

Handbook of ~ u n d a m e n t a l s ,  1972,  Chapter  22, page- 390. Values f o r  40 d e g r e e s  



l a t i t u d e  were used. Only t h e  r e l a t i v e  va lues  of t h e s e  weight ing  f a c t o r s  a r e  

impor t an t  s i n c e  they  were used on ly  a s  weight ing  f a c t o r s  t o  make performance 

comparisons.  No a t t empt  was made t o  c a l c u l a t e  t o t a l  energy c o l l e c t i o n s .  The 

program used hour ly  s t e p s  and accrued  monthly and annual  .energy sums. From 

t h e s e  sums performance c o e f f i c i e n t s  were de r ived  and performance comparisons 

made. 

H e l i o s t a t s  planned f o r  d i f f e r e n t  l o c a t i o n s  i n  t h e  f i e l d  r e q u i r e  d i f f e r e n t  

f o c a l  l e n g t h s .  This  is  accomplished by i n s e r t i n g  shims under i n d i v i d u a l  

f a c e t s .  A l l  h e l i o s t a t  suppor t  s t r u c t u r e s  and f a c e t s  a r e  i d e n t i c a l  and can be 

in terchanged wi thout  a l t e r i n g  the  f o c a l  p r o p e r t i e s .  

Ana lys i s  wi th  the  computer program+descr ibed  r evea led  t h a t  h e l i o s t a t  

f o c a l  l e n g t h  could be grouped i n t o  f o u r  s e t s .  'These  groups were g iven  c l a s s  

nomenclature and f o c a l  l e n g t h  ass ignments  a s  i n d i c a t e d  i n  Table  V I I . l .  

Table  v'I1.1 

C l a s s  Foca l  l e n g t h , f t  f  Number 

An a t t empt  t o  q u a n t i t i z e  i n t o  only  t h r e e  c l a s s e s  w a s  made but  r e s u l t s  were n o t  

s a t i s f a c t o r y .  

T h i s  computer a n a l y s i s  r e s u l t e d  i n  t h r e e  optimum h e l i o s t a t  f i e l d  des igns  

of s i m i l a r  performance. The t h r e e  des igns  con ta ined  5 1 ,  53,  and 55 h e l i o s t a t s  

r e s p e c t i v e l y ,  and a r e  d e s c r i b e d  i n  Tab le s  VII .3 t o  VII .5 and i n  F igu res  49 ,  t o  

51. Cons iderable  i n fo rma t ion  has  been d i s p l a y e d  i n  t h e s e  f i g u r e s  and some 

e x p l a n a t i o n  of t he  coding of t h i s  i n fo rma t ion  is  needed. 

A l l  d e s i g n s  a r e  r i g h t - l e f t  symmetrical  and the  r e s u l t i n g  c o e f f i c i e n t s  f o r  

t h e  two s i d e s  a r e  t h e  same. It i s ,  t h e r e f o r e ,  convenient  t o  use t h e  l e f t  s i d e  

of t h e  f i g u r e  t o  d i s p l a y  one s e t  of i n fo rma t ion ,  namely t h e  h e l i o s t a t  c l a s s  

and shadowing c o e f f i c i e n t ,  and t h e  r i g h t  s i d e  of t h e  f i g u r e  t o  d i s p l a y  a  

second in fo rma t ion  s e t ,  namely, t h e  p r o j e c t i o n  o r  c o s i n e  c o e f f i c i e n t  and t h e  

t o t a l  performance e f f e c t i v e n e s s .  A symbol s e t  a t  t h e  top  of each f i g u r e  i s  a  

key t o  t h i s  d i s p l a y  scheme. Note t h a t  h e l i o s t a t s  on t h e  nor th-south  c e n t e r  

l i n e  must c o n t a i n  a l l  f o u r  i t ems  of informat ion .  
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Table VII.2 

Normalized solar 
Number of heliostats ' Annual efficiency energy collected 

5 1 0.772 1 .O 

Table VII.3 

Heliostat Field Coordinates 

-51 Heliostat *Field Design 

Row ( s o u t h  pnsl  tive) 

+ 18 

0 

- 20 

- 41 

- 65.5 . 

- 91 

-115 

-138 

E-W I n r a t i n n ,  f t  

-20, 0 ,  +20 

-30, -10, + l o ,  +30 . - 
-60, -40, -20, 0 ,  +20, +40, +60 

-70, -50, -30, -10, + l o ,  +30, +50, +70 

-80, -59, -37, '-15, +15, +37, +59, +80 

-80, -55, -32, -10, + l o ,  +32, +55, +80 

-80, -54, -26, 0 ,  +26, +54 , +80 

-80, -48, -15, +15, +48, +80 

Table VII.4 
. . 

Heliostat ~ield' Coordinates 

53 Heliostat Field Design 

Row (south positive) E-W location, ft 



Heliostat Field Coordinates 

Row (~011th positive) 

+ 18 
0 

. . .  - 20 
- 41 . 

- 65.5 
- 91 

' -115 
. . 

-138 

E-W location, ft 

-40, -20, 0, +20, +40 

-SO', ,-30, .-lo, '+lo, +30, +50 

-60, -40, -20, 0, +20, +40, +60 

-70, .-50, -30, -10, +lo, +30, +50, +70 

-80, -59, -37, -15, +15, +37, +59, +80 

-80, -55, -32, -10, +lo, +32, +55, +80 

-80, -54, -26, 0, +26, +54, +80 

-80, -48, -15, +15, +48? +80 
I 



SECTION V I I I  

NORMAL INCIDENT SOLAR RADIATION MEASUREMENT 

The N o r t h e a s t e r n  p a r t  of t h e  Uni ted  S t a t e s  i s  not  t h e  s u n n i e s t  p a r t  of ' .  

t h e  c o u n t r y ,  and f o r  t h i s  r ea son  much of t h e  s o l a r  energy  r e s e a r c h  and 

demons t r a t i on  is  placned and conducted i n  t h e  Southwest .  Thias is  p a r t i c u l a r l y  

t r u e  f o r  energy-concent ra t ing- type  systems.  These sys tems c o l l e c t  energy  o n l y  

from t h e  normal i n c i d e n t  beam and i t  is  t h i s  energy  form t h a t  i s  most a f f e c t e d  

by atmosphere s c a t t e r i n g .  C o l l e c t i n g  systems t h a t  respond '  t o  s c a t t e r e d  l i g h t  

r e - c o l l e c t  some of t h e  energy  s c a t t e r e d  from t h e  d i r e c t  beam. 

N e v e r t h e l e s s ,  concen t r a t i ng - type  systems must no t  be e l i m i n a t e d  from t h e  

Nor theas t  r eg ion  of t h e  coun t ry  s i n c e  t h e i r  h igh  t empera tu re  o u t p u t  i s  

e s s e n t i a l  t o  c e r t a i n  a p p l i c a t i o n s .  Most c o o l i n g ,  mechanica l ,  and e l e c t r i c a l  

g e n e r a t i n g  systems f a l i  i n t o  t h i s  a p p l i c a t i o n  s e t .   h he Nor theas t  is  a l s o  

unique  i n  t h a t  i t  has  an in-p lace  steam u t i l i z a t i o n  technology wi th  many 

b u i l d i n g  systems comple te ly  mot iva ted  by steam f o r  bo th  h e a t i n g  and coo l ing  

purposes .  

A s  p a r t  of t he  h e l i o s t a t  development p r o j e c t  a t  Brookhaven N a t i o n a l  

Labora to ry  normal i n c i d e n t  s o l a r  r a d . i a t i o n  measurements were made a t  u p t o n ,  . 
NY, which is  l o c a t e d  on Long ~ s l a n d ,  70 m i l e s  e a s t  of New York c i ty .  . For t h i s  

purpose a n  Eppley Normal I n c i d e n t  Py rhe l iome te r  was mounted on t h e  roof of t h e  

Atmospheric  Sc i ence  Bu i ld ing  and ope ra t ed  by t h a t  group. D a i l y  d a t a  were 

d i g i t a l l y  recorded  and processed  by R. M. Brown. These d a t a  t o g e t h e r  w i t h  

pyranometer  r e a d i n g s  g i v i n g  t h e  r a d i a t i o n s  r ece ived  on a  h o r i z o n t a l  s u r f a c e  

were p roces sed  by D. White and C. Henderson under  t h e  a b l e  d i r e c t i o n  of 

J.  T i c h l e r .  Th i s  a n a l y s i s  is based on d a t a  c o l l e c t e d  over  t h e  13-month pe r iod  

from June  1977 t o  June  1978. 

I n  o r d e r  t h a t  t o t a l  i n c i d e n t  energy  be determined mis s ing  and e r roneous  

d a t a  must be r e s t o r e d .  Two p r i n c i p a l  causes  of mi s s ing  d a t a  a r e  f a i l u r e  i n  

t h e  r e c o r d i n g  equipment and t r a c k i n g  e r r o r s .  M r .  Pau l  Vosganian jo ined  ou r  

s t a f f  i n  t h e  summer of  1978 and add res sed  t h i s  d a t a  r e s t o r a t i o n  problem. The 

normal i n c i d e n t  r e a d i n g s  were p l o t t e d  v e r s u s  t h e  pyranometer r ead ing  f o r  each  



month. P l o t s  t h u s  made d i s p l a y  a  g e n e r a l  smooth r e l a t i o n s h i p .  Data p o i n t s  

f a r  removed from t h i s  smooth cu rve  were cons ide red  e r roneous  and were 

e l i m i n a t e d .  The remain ing  d a t a  were f i t t e d  , w i t h  a  curve  of t h e  form y  = axn 

u s i n g  a  l e a s t  squares .method.  Miss ing  and e r roneous  py rahe l iome te r  r e a d i n g s  

were r ep l aced  by v a l u e s  r ead  used from t h e  cu rve  f i t ,  i f  pyranometer . readings  

were a v a i l a b l e .  I f  no r e a d i n g s  were a v a i l a b l e ,  t h e  py rhe l iome te r  v a l u e  was 

as'sumed t o  be equa l  t o  t h e  average  f o r  : t he  month. Tab le  V I I I . l  summarizes 

t h e s e  r e s u l t s .  For comparison,  long  te'rm v a l u e s  f o r  s o l a r  r a d i a t i o n  measured 

on a h o r i z o n t a l '  s u r f a c e  copied  from r e f .  1  a r e  a l s o  inc luded  i n  t h i s  tab le . .  

It i s  c l e a r  from examining Tab le  VIII.l t h a t  t h e  pe r iod  over  which t h e s e  

measurements were made was not  t y p i c a l  and ,  i n  g e n e r a l ,  l e s s  s o l a r  i n s o l a t i o n  

was r e c e i v e d  than  t h e  ave rage  r e p o r t e d  f o r  t h i s  l o c a t i o n .  F i g u r e  5 2  p l o t s  t h e  

monthly average  a tmosphe r i c  t r a n s m i s s i o n  c o e f f i c i e n t  gH, t h e  d a i l y  average  

r ' a t i o  of sola;' energy  r ece ived  on a  h o r i z o n t a l  s u r f a c e  t o  t h a t  o u t s i d e  t h e  

a tmosphere ,  f o r  t h e  long-term L u i  , . and J o r d a n  d a t a 1  and f o r  t h e  months' 

r e c e n t l y  measured. The 1971  time pe r iod  is n o t a b l y  below t h e  average .  F igu re  

53  shows t h e  h o r i z o n t a l  i n s o l a t i o n  a s  r e p o r t e d  by a d d i t i o n a l  

r e f e r e n c e s  .2 ,3  

F i g u r e  5 3  c l e a r l y  shows changes i n  t h e  average.s measured f o r  d i f f e r e n t  

t ime  pe r iods .  It i s  be l i eved  t h a t  t he  L u i  and ~ o r d a n  work1 i s  based ' in  p a r t  

' o n  d a t a  f r o m ' t h e  1950 t i m e  pe r iod  and is t h e r e f o r e  h i g h e r  t han  i n d i c a t e d  by 

l a t e r  measurement. 

I n  an e f f o r t  t o  r e l a t e  t h i s  b r i e f  s e t  of normal i n c i d e n t  s o l a r  i n s o l a t i o n  

' measurements t o  t h a t  o f  o t h e r  t ime per iod ' s ,  two parameters  were d e f i n e d :  
- - 
KH, d e f i n e d '  a s  b e f o r e ,  and KL, t h e  same r a t i o  measured a t  normal in- 

c idence .  These pa rame te r s  were computed f o r  each .day  f o r  which good. d a t a  was 

a v a i l a b l e  and ,grouped  i n t o  s m a l l  b i n s  and averaged.  The r e s u l t i n g  d a t a  s e t  

was f i t  w i th  a  t h i r d  o r d e r  polynomial .  The r e s u l t  is shown i n  F i g u r e  54 and 

t h e  e q u a t i o n  f o r  t h e  f i t ' i s  
. . 

F i g u r e  55 shows t h e  d a i l y  d a t a  superimposed on t h i s  polynomial .  
< 
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Figure 5 2 .  KH, the r a t i o  of dai ly  average radiation 
measured on a horizontal .surface to  that received 
outside the atmosphere, versus tinie. 

I 
o LONG TERM AVERAGE 

1950-58 AVERAGE. NAGLE- 5 0 4 6 6  
= 1970-77 AVERAGE .NAGLE-50857 

O I I I I I I I I I I I I I  
J F M A M J J A S O N D  

Figure 53 .  Solar radiation measured on a horizontal 
surface .at  Upton, NY, report by various authors and' 
time periods. 



Figure 54. Measures values of XH versus K grouped 
into bins and averaged for Up,ton, NY, 6/77 through 
6/78 with least squares fit polynomial of 3rd order. 

' 

Figure 55. Daily values of XH and K plotted against 
fit polynomial from Figure 3. 



Table VIII.l 

Solar Radiation Upton, NY , (~tu/f t2) 

' Total-horiontal surface Upton,..NY Normal incident solar radiation 

Long- term 
Lui-Jordan 

Measured .Monthly Measured Monthly 
daily average total daily average total 

July '77 2014.8 62459 July '77 1626.0 50406 

Aug '77 1467.5 45493' Aug '77 1022.5 31698 

Sept '77 1156.0 34680 Sept '77 914.6 27438 

Oct l.77 820.4 25432 Oct '77, 618.2 . 19164 

Nov '77 

Dec '77 

Jan ' 78 
Feb '78 

Mar '78 

Apr ' 78 
May '78 

June ' 78 

Nov ' 7'7 
Dec '77 

Jan '77 

Feb '78 

Mar '78 

Apr ' 78 
May ' 78 
June '78 

Yearly tota1.7/77-7/78, 4.34 x 105 Yearly Total, 7/77-6/78 3.87 x 105 



This curve f i t  appears t o  be seasona l ly  i n v a r i a n t .  Data from widely 

spaced months a r e  shown p l o t t e d  superimposed wi th  the  curve of the  polynomial 

i n  Figures  56 through 59 and no seasonal  e f f e c t s  a r e  ev iden t .  Time w i l l  ' t e s t  

t h i s  i n v a r i a n t  observat ion.  

I f  the r e l a t i o n s h i p  between these  two atmospheric t ransmiss ion coef f i -  

c i e n t s  is seasona l ly  i n v a r i a n t ,  i t  i s  reasonable  t o  expect  i t  t o  be i n v a r i a n t  

over  the  long term, s i n c e  it is i n  major p a r t  a  comparison between two methods 

of measuring the  t ransmiss ion of s o l a r  energy through the  atmosphere. With 

t h e  assumption of a f ixed  r e l a t i o n s h i p  between h o r i z o n t a l l y  and normal 

i n c i d e n t  measured t ransmiss ion c o e f f i c i e n t ,  e s t ima t ions  of normal i n c i d e n t  

r a d i a t i o n  f o r  o t h e r  time pe r iods  a r e  made poss ib le  us ing.  the  e x i s t i n g '  

h o r i z o n t a l l y  measured da ta .  The method proceeds a s  . fo l lows : . . A . .  

Al , t h e  annual t o t a l  s o l a r  energy received a t  normal inc idence,  is  given 

by 

where IDn = d a i l y  i n s o l a t i o n  received a t  normal incidence.  

where Io* = d a i l y  i n s o l a t i o n  received a t  normal incidence ou t s ide  

' armasphere, and i s  given by 

where 

ws = 1/2  d a y l i g h t  ( r a d i a n s ) ,  ' 

ws = COS-1 (- t a n  L t a n  6 ), 
~. 

L = l a t i t u d e ,  



6 "  = d e c l i n a t i o n ,  

r = r a t i o  s o l a r  i n t e n s i t y  t o  mean s o l a r  i n t e n s i t y  o u t s i d e  t h e  

atmosphere,  

Is, = 428.38"~tu-hr - I  -. f t - 2  o r  1350 w/m2.  . . 

- .  
KL is  r e l a t e d  t o  zH through t h e  polynomial ,  and. is equa l  t o  . 

0.5548(EH13 + 0.9949 (THl2 - 0.4218 KH + 0.0526 = F(KH). . - 
KH can  be determined from e x i s t i n g  d a t a ,  

where Ho = d a i l y  t o t a l  s o l a r  r a d i a t i o n s  r ece ived  on a h o r i z o n t a l  s u r f a c e  

o u t s i d e  t h e  atmosphere and is g iven  by 

M, = (241 n ) r Is, [ c o s  L c o s  6 s i n  ws + ws s i n  L ' s i n  6 I ,  
sinre - - - 

' ~ n  
- I K - I,, F ( K ~ )  = X w s  r I,, F ( F ~ )  . 

71 

Then 

2 4 A = - I  
n s c y e a r  s 

C The year can be eva lua t ed  i n  segments,  where each segment is  made sma l l  
, 

enough t o  approximate a  s t r a i g h t  l i n e .  w i t h i n  a  segment F(XH) = ci ,  where 

Ci i s  a c o n s t a n t  t h a t  v a r i e s  from segment t o  segment and i s  determined from 

t h e  polynomial .  The c o n t r i b u t i o n  t o  Al from any segment becomes 

2 4 segment - 2 4 
n I S C  

E r w  c . = - I  c r w . 
s 1 . . n s c  5 year s y e a r  . 

r s e p e n t  I The term year rws  i s  a weighted c o u n r o f  hays occu r r ing  i n  t h e  chosen - 
KH segment w i th  rws used a s  t he  weight ing  f a c t o r .  w i t h  t h i s  weighted 

count ,  t h e  c o n t r i b u t i o n  of t h i s  segment t o  t h e  q u a n t i t y  AL can be determined.  

Summarizing over  a l l  segments y i e l d s  t h e   total^, r e s u l t .  



JAN 78 - 

Figure 56.  Curve f i t  versus data from January 197g 



Figure 57. Curve fit versus data from March 1977. 

Figure 58. Curve fit versus data from June 3.977 
and 1978. 





F i g u r e  60 shows the  weighted EH occur rence  frequency f o r  Upton f o r  two 

d i f f e r e n t  time p e r i o d s  and i l l u s t r a t e s  t h e  e f f e c t  of c l i m a t i c  changes upon 

t h i s  weighted sum. F igu re  G 1  shows t h e  long-term occurrence  frequency of zH 
f o r  f o u r  o t h e r  l oca t io r i s  and the  v a r i a t i o n  i n  t h i s  parameter  w i th  loca t ion .  

a l o n g  t h e  E a s t e r n  Seaboard. ' 

Using t h i s  method , f o r  computing AL and measured zH occur rence  

f requency v a l u e s  f o r  AL can be determined f o r  o t h e r  l o c a t i o n s .  The. r e s u l t s  

a r e  summarized . in  Table  V11.2. Table  VII I .3  shows v a l u e s  of A* a s  computed by 

Will iam ~ i c k i n s o n . ~  

T a b l e  V I I I . 2  

L'ong-term a n n u a l  s o l a r  e n e r g y  r e c e i v e d  a t  
L o c a t i o n s  normal  i n c i d e n c e s  

D u j t ~ r i ~ ,  I Ih 3.51 i n 5  ~ t . ~ ~ - f t - ~ - y r - l  

New York, NY 3.27 

S t e r l i n g ,  V A  3 .63  

Cape H a t t e r a s ,  NC 4.49 

G r e e n s b o r o ,  NC 4.29 

C h a r l e s t o n ,  SC 3.95 

- - 

T a b l e  V I I I . 3  

Long term a n n u a l  s o l a r  e n e r g y  r e c e i v e d  
L o c a t  i o n s  a t  normal  i n c i d e n c e s  ( r e f .  4 )  

P h o e n i x ,  AZ 7.98 x lo5 ~ t u - f t ~ - ~ r - l  

Albuquerque ,  NM 8.19 

F o r t  Worth, TX 5.45 

Omaha, ,NB 5.17 

N a s h v i l l e ,  TN 4.17 

Blue H i l l ,  MA 3.78 

Annual normal i n c i d e n t  s o l a r  r a d i a t i o n  . r e c e i v e d  a t  Upton, NY, can a l s o  be 

computed f o r  each  yea r  f o r  which g o o d . h o r i z o n t a 1  d a t a  ' a re  a v a i l a b l e .  F igure  

62 p r e s e n t s  t h e s e  r e s u l t s .  Data f o r  t h e  1960's  a r e  mis s ing .  A smooth cu rve  



Figure 60. Weighted XH bccurrence frequency for  
Upton, NY, for  time period 1950-58 and 1970-78. 

STERLING,VA. 
CHARLESTON S. 

Figure 61. Long term weighted FH ,occurrence frequency 
for  Boston, MA; New York, NY; Sterl ing,  VA; Charleston, 
SC . 



has  been passed through t h e  d a t a  of F igure  62 s u g g e s t i n g  long-term s e a s o n a l  

changes. During the  next  decade,  Upton, NK, might a n t i c i p a t e  r e c e i v i n g  a n  

ave rage  of 5.0 x  lo5 ~ t u - f t ~ - ~ r - l  s o l a r  r a d i a t i w i  i t  normal i n c i d e n c e ,  

i f  e x t r a p o l a t i o n  from F i g u r e  62 is v a l i d .  
, . 

Computed va lues  of AL f o r  t h r e e  o t h e r  s i t e s ,  Greensboro and Cape H a t t e r a s  

NC and New York C i ty ,  were a l s o  examined f o r  long term e f s e c t s  and none w a s  

found. These r e s u l t s  a r e  shown i n  F igu res  63,  64 ,  and 65. 
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Figure 62 .  Computed annual normal incident solar 
t radiation received a t  Upton, NY. 
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FIgure 63.  Computed annual normal incident solar 
radiation received a t  Greensboro, NC.  
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CAPE HATTERAS. N.C. 

I ,-23 YEAR AVERAGE 

Figure 64. Computed annual normal incident solar 
radiation received at Cape Hatteras, NC. 
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Figure -65. Computed annual normal incident solar 
radiation received New York, NY. 



SECTION I X  

HEL,IOSTAT PR.ODUCTION COST ANALY S I  S--WESTINGHOUSE REPORT 

Brookhaven i s s u e d  a  s u b c o n t r a c t  t o  t h e  Advanced Energy Systems D i v i s i o n  

of t h e  West inghouse E l e c t r i c . C o r p o r a t i o n  t o  conduct  a  p roduc t ion  c o s t  a n a l y s i s  

of t h e  p o s s i b l e  ' h e l i o s t a t  de s igns .  Three d e s i g n s  were cons ide red :  

1.  The Brookhaven d e s i g n  d e s c r i b e d  i n  S e c t i o n  I11 of  t h i s  r e p o r t .  

2. The same d e s i g n  modi f ied  f o r  p roduc t ion .  

3. A p r o p r i e t a r y  des ign  under '  development a t  Westinghouse. 

The d e s c r i p t i o n  and c o s t  e s t i m a t e s  t h a t  foll'ow a r e  copied from Westing- 

h o u s e ' s  r e p o r t  on t h e i r  work. 

1X.A.  D e s c r i p t i o n  of West inghouse P r n p r i e t a r y  Design 

The Westinghouse h e l i o s t a t  de s ign  f e a t u r e s  an e x t e r n a l l y . b r a c e d  beam 

m a t r i x  r e f  l e c t o r  pane l  suppor t  s t r u c t u r e  borne by l a rge -d i ame te r  e l e v a t i o n  and 

azimuch rings. 'These l a rge -d i ame te r  r i n g s  provide  a  s t a b l e .  p l a t fo rm f n r  re- 

f l k c t o r  pane l  p o s i t i o n i n g  while trans.1.at.i.n; wind-inrlticerl crlrerturning msmontc 

i n t o ,  l o n g i t u d i n a l  r e a c t i o n  f o r c e s  i n  t h e  h e l i o s t a t  foundat ion .  

The b a s e l i n e  h e l i o s t a t  r e f l e c t o r  pane l  suppor t  s t r u c t u r e  i s  p r e d i c a t e d  on 

t h e  u se  of 5- by 10 - f t  r e f l e c t o r  pane l s  a r ranged  i n  'a 4 by 3  a r r a y ,  p rov id ing  

an  assembly having  a  .30- by 20-ft r e f l e c t o r  s u r f a c e .  Each .10 f t -wide 
. .  . 

r e f l e c t o r  pane l  . i s  suppor t ed  b y  two hat-shaped beams bonded. t o  t h e  back of t h e  

r e f l e c t o r  pane l .  The suppor t  h a t s  a r e  l o c a t e d  on t h e  r e f l e c t o r  pane l  i n  

p o s i t i o n s  t h a t  c r e a t e  t h e  minimum d e f l e c t i o n  af t h e  pane1 f o r  any ~in i fo rm 

l o a d i n g  c o n d i t i o n .  The b a s e l i n e  h e l i o s t p t  a l s ~  includes f a u r  r e f  l . c r t n r  

- p a n e l s  ,- mounted .on t h e  e l e v a t i o n  wheel spokes ,  which. provide  an a d d i t i o n a l  

r e f l e c t i v e  a r e a  of app rox ima te ly  30 squa re  f e e t ,  b r i n g i n g  t h e  t p t a l  r e f l e c t i v e  

s u r f a c e  t o  app rox ima te ly  630 sqllare fee t .  wi . thn i~ t  a f  Sect  in.g ' the  o v ~ r a l l  

h e l i o s t a t  envelope  o t  s t r u c t u r e .  

The r e f l e c t o r  pane l  suppor t  h a t s  a r e  connected t o  t r a n s v e r s e  beams i n  t h e  

r e f  l e c t o r  pane l  suppor t  s t r u c t u r e .  The l o n g i t u d i n a l  ,spacing of t h e  t r a n s v e r s e .  

. beams has been chosen t o  minimize t h e  bending mom?nts and d e f l e c t i o n s  of the 

r e f  l e c t o r  p a n e l  a s sembl i e s .  The t r a n s v e r s e  beams a r e  s u p p o r t e d .  by two long i -  

t u d i n a l  beams which c a r r y  t h e  r e f l e c t o r  pane l  loads '  t o  t h e  e l e v a t i o n  wheels.  

The t r a n s v e r s e  p i t c h  of t h e  l o n g i t u d i n a l  beams has  been chosen t o  minimize 

b o t h  bending moments and d e f l e c t i o n s  i n  t h e  t r a n s v e r s e  beams. 



The r e f l e c t o r  pane l  suppor t  h a t s  a r e  connected t o  t r a n s v e r s e  beams i n  t h e  

r e f l e c t o r  pane l  suppor t  s t r u c t u r e .  The l o n g i t u d i n a l  spac ing  of t h e  t r a n s v e r s e  

beams has been chosen to. minimize t he .  bending moments and d e f l e c t i o n s  of t h e  

r e f  l e c t o r  pane l  a s sembl i e s .  The . t r a n s v e r s e  beams a r e  suppor ted  by two . 

l o n g i t u d i n a l  beams which c a r r y  t h e  r e f l e c t o r  pane l  l o a d s  t o  t h e  e l e v a t i o n  

wheels .  The t r a n s v e r s e  p i t c h  of t h e  l o n g i t u d i n a l  beams has  been chosen t o  

minimize bo'th bending moments and d e f l e c t i o n s  i n  t h e  t r ansve r se ' beam.  

Geometric c o n s i d e r a t i o n s  p rec lude  o p t i m i z a t i o n  of t h e  i n c i d e n c e  of t h e  

l o a d  and suppor t  p o i n t s  on t h e  l o n g i t u d i n k l  beams, bu t  d e f l e c t i o n  of t h e s e  two 

members is l i m i t e d  by use  of a  d i a g o n a l l y  d i sposed  beam. i n  each r e f l e c t o r .  

p a n e l  bay and by t h e  e x t e r n a l  suppor t  rods  a t t a c h e d  t o  t h e  end of each 

l o n g i t u d i n a l  beam. 

The s ingle-spoke  e l e v a t i o n .  r i n g s  a r e  i n t e g r a l  p a r t s  of t h e  r e f l e c t o r  

pane l  s u p p o r t  s t r u c t u r e .  a s  w e l l  a s  t h e  means . f o r  p rov id ing  e l e v a t i o n  

ad jus tment .  The l o n g i t u d i n a l  r e f l e c t o r  pane l  suppor t  beams a r e  a t t a c h e d  

d i r e c t l y  t o  t h e  spokes of t h e  elevat i-on wheels ,  and t h e  e x t e r n a l  suppor t  r o d s  

a r e  connected  t o  t h e  r i n g s .  .The p a t t e r n  of e x t e r n a l  rod r o u t i n g  s e r v e s  t o  

suppor t  t h e  ends of t h e .  l o n g i t u d i n a l  beams and t o  s t a b i l i z e .  t h e  e l e v a t i o n  

r i n g s  a g a i n s t .  r e l a t i v e  l a t e r a l  and r o t a t i o n a l  motion. 

The e n t i r e  s u p p o r t . s t r u c t u r e ,  comprised of t r a n s v e r s e ,  l o n g i t u d i n a l  and. 

d i a g o n a l  beams p l u s  e x t e r n a l -  suppor t  rods  and t h e  e l e v a t i o n  r i n g s ,  provide,s .  a  

s t i f f , , s t a b l e ,  l i g h t w e i g h t  p l a t f o r m  f o r  mounting t h e  r e f l e c t o r  pane l s .  

The e l e v a t i o n  r i n g s  a r e  c r a d l e d  i n  f o u r  r o l l e r s  suppor t ed  by p i l l a r s  

mounted on t h e  azimu'th r i n g , ,  whdch i n  t u r n , i s  s u p p 0 r t e d . b ~  wheels  mounted, a t o p  

t h r e e  suppor t ' ,  columns. Th i s  arrangement  p rov ides  a  broad ,  s t a b l e  base  f o r  . . t h e  

h e l i o s t a t .  The e l e v a t i o n  d r i v e  t r a i n  is c a r r i e d  on t h e  azimuth r i n g  wh i l e  t h e  

az imuth  d r i v e  is mounted on one of t h e  h e l ' i o s t a t  suppor t  columns. The, 

e l e v a t i o n  d r i v e  c o n s i s t s  of t h e  motor and speed r e d u c t i o n  g e a r i n g  p l u s  a  

s p r o c k e t  and f a b r i c a t e d  l a d d e r  cab l e .  , The . l a d d e r  c a b l e  c o n s i s t s .  of two wi re  
I 

ropes  connected  by c r o s s  members ( r u n g s )  swaged i n  p l a c e  on a  c a r e f u l l y  

c o n t r o l l e d  p i t c h .  The dr ' ive c a b l e  assembly pas se s  under  t h e  d r i v e  s p r o c k e t  

and around t h e  pe r iphe ry  of one of t h e  e l e v a t i o n  r i n g s .  A s i m i l a r  p a i r  of 

c a b l e s ,  b u t  w i thou t  t h e  c r o s s  rungs ,  pa s se s  under .  a n  i d l e r  sheave and around 

t h e  o t h e r  e l e v a t i o n  r i n g .  The ends  of each, c a b l e  a r e  f a s t e n e d  t o .  t h e  



e l e v a t i o n  r i n g s  a t  a  p o s i t i o n  t h a t  w i l l  not i n h i b i t  necessary e l e v a t i o n  

assembly movement. Tensioning of the  d r i v e  and i d l e r  cab les  produces t h e  

necessary  hold-down r e s t r a i n t  t o  counteract  wind f o r c e s  and obv ia tes  e l a s t i c  

cab le  r e a c t i o n  t o  e l e v a t i o n  movement fo rces .  . 
' 

The azimuth d r i v e  t r a i n  is i d e n t i c a l  t o  t h e . e l e v a t i o n  d r i v e  except t h a t  a 

s h o r t e r  l adder  cab le  assembly i s  r equ i red  'because the  azimuth r ing  has a 

smal le r  . 'circumference, than .the e l e v a t i o n  r ing .  L i f t -o f f  p r o t e c t i o n  is  pro- 

vided by c a t c h e r  hooks mounted on the  azimuth ring support  colum*~,  which 

i n t e r a c t  wi th  the  lower face  of the  azimuth . . r i n g  b e l t  t r a c k  recess .  

A l l  s t r u c t u r a i  elements a r e  formed o f ' - s h e e t ,  s t r i p ,  or  tube s t e e l ,  p r e s s  . 

formed or  r o l l  formed t o  the  des i red  conf igura t ion .  The gusse t s  on the  

e l eya t ion- ro l l e r - suppor t  p i l l a r s  wil l .  be p ress  formed whi le  t h e  r ~ n j ; l . i n i n ~  

~ t ~ u c ~ u ~ a l  comjpoiient c r o s s  kect ions  w i l l  be r o l l  formed. ' These forming 

processes  p&rmit the  s e l e c t i o n .  of element d e s i g n s  possess ing . ' t he  s t i f f n e s s  
. , 

requ i red  t o  support  the  ref  l e c t o r  pane l ,  modules- while keeping s t r u c t u r a l  

weight .to a minimum. 

The re f l ec to r :  panel s t r u c t u r a l  support  components w i l l  'be roll-formed 
I .  

s e c t i o n s .  The t ransver ' se ,  beams w i l l  be "Z" ' s e c t i o n s  wi th  r e e n t r a n t  be.ads a t  

t h e  o u t e r  edges of the  -f langes to  inc rease  the  buckling r e s i s t a n c e  of . these 

members. The l o n g i t u d i n a l  beams. a r e  r ec tangu la r  box s e c t i o n s  while the  

d iagona l  beams and. e l e v a t i o n  wheel spokes - a &  square bdx sec t iqns .  Both the  

e levathon and azimuth ' r i n g s  a r e  r ec tangu la r  box s e c t i o n s  wi th  p rov i s ions  f o r  

b e l t  t r a c k s  and, o n ' t h e ' a z i m u t h  r i n g ,  ca tcher  beads formed i n t e g r a l l y  i n t o  the  

c r o s s  s e c t i o n .  'The b a s i c  rect;angular s p r t i n n s  will bo formed i n t o  aLc 

s e c t i o n s  f o r  e l e v a t i o n  and azimuth r i n g  assembly a f t e r , : r o l l  fo.rrning. . 

The h e l i o s t a t  weighs 4430 pqunds, o r  7.4 pound's per square foo t  o f -  

r e f l e c t o r  su r face .  The, breakdown of t h i s  weight i n  terms of the  f u n c t i o n a l  

: e n t i t i e s  'of . t h e  , h e l i o s t a t  is given i n   able X I .  1. 



Table  I X . l  

Wes t inghouse  H e l i o s t a t  Des ign  Weight 

(W) Des ign  (630 f  t*) 

Suppor t  s t r u c t u r e . ,  

Azimuth r i n g  assembly  ( 1 )  
Azimuth , r ing (1 )  
P i , l l a r s  ( 4 )  
E l e v a t i o n  r i n g  assembly ( 2 )  
E l e v a t i o n  r i n g s  ( 2 )  
Spokes ( 2 )  

M i r r o r  Suppo r t  S t r u c t u r e  

L o n g i t u d i n a l  beams ( 2 )  159 
T r a n s v e r s e  beams ( 6 )  , . 18 1 

. Diagonal  beams' ( 3 )  6 4 
T i e  rod sys tem (.I) 8 3 .  ' 

M i r r o r  - h a t s  (24 + 8 )  210 

Dr ive  t r a i n  & m i s c e l l a n e o u s  

Motors  . , 3 8 
Gearboxes .236 
Encoders  18 
B e l t s  &. c a b l e s  ' .70 , 

~ u l l e y s ;  r o l l e r s ,  mounts . 105 
., . 

T o t a l  '4430 ' 

U n i t  we igh t s :  Gros s  7.03 l b / f t 2  
M i r r o r  assembly  'on ly :  4.44 l b / f t 2  

Foundat ion :  3 @ 3785' = . . 
11,355  (18.02 l b / f t 2 )  



Although t h e  p r e s e n t  h e . l i o s t a t  is .des igned  f o r ,  a  t o t a l  r e f l e c t o r  a r e a  .of 

630 squa re  f e k t ,  s m a l l e r  h e l i o s t a t s  c a n ' b e  produced us ing  t h e  same des ign  

c o n c e p t s .  ~ f  t h e  t o t a l  r e f l e c t o r  a r e a  of a  s m a l l e r  h e l i o s t a t  were w i t h i n  

a p p r o x i q a t e l y  7.5% (475 t o  630 f t z ) ,  i t  .would probably  be economical t o  use 

t h e  same beam s e c t i o n s .  ah employed i n  t h e  p r e s e n t  d e s i g n  i n  o r d e r  ' t o  p r e c l u d e  

t o o l i n g  cbsts. For h e l i o s t a t s  s m a l l e r :  . than  approximate ly  475 f  t 2 ,  : d i f f e r e n t  

' s t r u c t u r a l  components could, be a t t r a c t i v e  from a ,weight  s av ings  v iewpoin t .  
' 

I n  e i t h e r  event ' ,  t h e  b a s i c  s t r u c t u r e  would remain an  e x t e r n a l l y  ' braced 

beam m a t r i x  w i t h  .in-plane d i a g o n a l  s t i f f e n e r s .  Support ,  and p o s i t i o n i n g  would 

c o n t i n u e  t o  be .p rovided  by e l e v a t i o n ' a n d  azimuth r i n g s  of 9 s i z e  commensurate 

w i t h  t h e . a r e a  and e x t e r n a l  l o a d i n g  parameters  of t h e  h e l i o s t a t .  and i t s  . 

. , . . 1 X . B .  C o s t ,  E s t i m a t e  f o r  ~ e l i o s t a t  ~ a n u f a c t u r e  

IX.B.1: .BNL H e l i o s t a t .  Cost.  E s t i m a t e  ( f o r  d e s i g n  s e e  S e c t i o n  ,111) 

The' manufac tur ing  c o s t  of t h e  BNL. h e l i o s t a t .  r e f . l e c t o r  . suppdr t  and 

t racking 'mechanism a s  de f ined  on BNL drawings .  D10-M-410-5'was'.estimated by 

Westinghouse mahufac tur ing  pe r sonne l .  .The e s t i m a t e  .was ,based  on large-volume 
. . 

. , p r o d u c t i o n  r a t e s  ( s a y  50',000 u n i t s ,  p e r .  year) .  and presumed use . o f  ' j igs  and 
. , 3 .  

t o o l i n g  t o  reduce  l a b o r  c o s t s .  

T.he. 'es t imate . u t i l i z e s  ' t h e  f o l l o w i n k .  b a s i s :  .' 

Raw m a t e r i a l  p r i c i n g .  . . 

Cur ren t  p r i c e  per  p o l ~ n d  x sing1.e u n i t  q u a n t i t y  x  80%. { r e d u c t i o n  f o r  
m i l l  r un  purchase  app rox ima te ly  20%>. Es t imated  c o s t  p l u s  o u t s i d e  
s e r v i c e s  (bending  and forming) = t o t a l  m a t e r i a l s  and s e r v i c e s .  

. . .  
Labor hour e s t i m a t e .  

. . 

F a b r i c a t i n g  t r u s s  members - Quan t i t y  of s t r u c t u r a l  s u p p o r t s  x  2  
hou r s  e a c h  = 

2  hour s  e s t i m a t e d  breakdown is  a s  fo l l ows :  
Mach in i s t  20% 
He lpe r  15% 
Welder 40% 
M a t e r i a l  hand l ing  25% 



a A d d i t i o n a l  assembly hours  a r e  e s t i m a t e d  based on in-house 
manufac tur ing  and t h e  judgment of t h e  manufac tur ing  e n g i n e e r .  

The above approach r e s u l t e d  i n  t h e  fo l lowing  c o s t s :  

M a t e r i a l  $ 3086 .OO 
Labor (2142 h r )  49986 .OO 

. . 
T o t a l  $52072.00 

The h igh  c o s t  is predominantly t h e  r e s u l t  of t h e  l a b o r  i n t e n s i v e  

n a t u r e  of t h e  t r u s s  s t r u c t u r e s  and complex j o i n t s  a s  des igned .  A l e s s e r ,  b u t  

i n  ou r  op in ion  s i g n i f i c a n t ,  c o s t  p e n a l t y  a c c r u e s  from t h e  u se  of aluminum 

r a t h e r  than  carbon s t e e l  members.. 

IX.B.2. BNL Design Adapted f o r  P roduc t ion  
. . 

W e  o f f e r  f o r  des ign  c o n s i d e r a t i o n  t h e  f o l l o w i n g .  s u g g e s t i o n s  t o  ach i eve  

' s u b s t a n t i a l  c o s t  r educ t ions .  

a U t i l i z e  s t a n d a r d  ex t ruded  aluminum shapes  r a t h e r  t han  a  formed 
channe l ,  t h i s  could r e s u l t  i n  a  p o s s i b l e  15% r e d u c t i o n  of m a t e r i a l s  
and s e r v i c e s ;  however, we do not  c o n s i d e r  u se  of aluminum c o s t  
e f f e c t i v e .  

Reduce t h e  number of suppor t s  by us ing  h i g h e r - s t r e n g t h  m a t e r i a l s  
(carbon s t e e l ) .  Th i s  reduces  l a b o r  c o s t  i n  p r o p o r t i o n  t o  number 
removed. 

a Redef ine  t h e  subassembly s t r u c t u r e s  t o  show s m a l l e r  subassembl ies  
t h a t  w i l l  i n c r e a s e  t h e  use of f i x t u r i n g .  S imp l i fy  t he  j o i n t s  
w i t h i n  t h e  subassembl ies  t o  permi t  au toma t i c  welding. 

a Consider  ad  j u s t a b l e  p i v o t s  t o .  r e l a x  f a b r i c a t i o n  t o l e r a n c e  r e q u i r e -  
ments.  , . 

. . 

Our judgment is t h a t  e x p l o i t a t i o n  of t h e s e  m o d i f i c a t i o n s  would o f f e r  major  

s a v i n g s  a s  fo l l ows :  

a Use of carbon s t e e l ' c o u l d  e l imina t ' e  about  60% of t h e  t r u s s  
members and 33% of t h e  m a t e r i a l  c o s t  ' 

a Use of s i m p l i f i e d '  j o i n t  d e s i g n s  t o  permi t  a l t d m a t i c  welding 
could  e l i m i n a t e  abou t  90% .of t he  l a b o r  on .  80.% of t h e  j o i n t s  



. . 

~ m ~ l e m e n t a t i o n '  of these  f e a t u r e s  would , r e s u l t  i n  a c o s t  e s t ima te  of 
. . 

Mater ia l  $2086 
' , 5487 Labor 

To ta l  $7573 
. . 

Savings from a d j u s t a b l e  p i v o t s  cannot be es t imated without a s p e c i f i c  
, . . . 

design.  Fur the r  savings  may we l l .  be ,poss ib le , '  i f  .commercia, l ' t russ members 

. . ( i  .e.,  roof ing  beam s t r u c t u r e s )  or  optimum deep-channel ro l l - f  o m  s e c t i o n s  . 

were app.lied t o  the  b a s i c  s t r u c t u r e .  We would recommend i n v e s t i g a t i o n  of 

these.. approaches i n  any'. redes ign effor t . .  . . 

Ix.B.3. westinghouse ~ e l i o s t a t  Cost Estimate' . . 
. . 

Westirighouse has pursued a h e l i d s t a t  .des'ign f d r  the  l a r g e  - c e n t r a l  

power-tower a p p l i c a t i o n  descr ibed i n  S e c t i o n  IX.A. For s e v e r a l  months 

a t t ' e n t i o n  has been centered on t h i s  design t o  achieve low manufacturing cos t s .  

A s  a  r e s u l t ,  a  des ign t o  darr f  638. f t *  of r e f l e c t i v e  g l a s s ,  has been c o s t  

reduced t o  an i n s t a l l e d  cos t  e s t ima te  of about $3300..00 without the  m i r r o r  

panels .  

. The c o s t  e s t ima tes  a r e  based on a f i f t h - y e a r  l e v e l  of .50,000 h e l i o s t a t :  

u n i t s  per yea r  wi th  labor '  extended on expeirience ,curves td, the t e n t h  yea r .  
. . 

The f t f t h  year  was assumed' t o  be '  the  f i r s t  year t o  o h t a i n  the  50,000 l e v e l ,  . . 
' .  al lowing time t o  design, .  p lan ,  procure, .  i n s  t a l l ,  and debug the manufacturing 

. . 

equipment and processes .    he t e n t h  year r e p r e s e n t s  a cumulativ& production of 

400,000' u n i t s  with t h e  main" f a c t q r y  on a 90 percent '  exberielice curve and each 

s i t e  f a c t o r y  on an 8O'percent  curve. 

o u t s i d e  s u p p l i e r s  were' used t o  produce a s  many i tems a s  pbbs ib le ,  thus . 

' mainta ining a minimal l e v e i  o f ,  p l a n t  /machine t o o l  , f a c i l i t i e s .  This approach . , 

should insure  adequate production c a p a b i l i t i e s  even a t  h igher  production 

l e v e l s .  The heavy use of roll-form shapes is  t y p i c a l  f o r  t h i s  type of 

planning.  ' 
. . 

Labor c o s t  . . r a t e s  , . were taken fromDOE r e p o r t  SAN-1108-8 which is  based on 

l o b  s i d e  n a t i o n a l  .average;  G&A represkn t s  AESD f a c t o r s .  . . 



M a t e r i a l  c o s t s  were ob ta ined  from :quo ta t ions ,  c a t a l o g  l i s t i n g s  of s i m i l a r  

i t ems ,  and m a t e r i a l  i n d i c e s  from I r o n  Age, Oct. 30 ,  1978, i s s u e .  It is  assumed 
' 

t h a t  m a t e r i a l  h a n d l e r s  and p"roduction c l e r k s  are. p a r t  of overhead expbnse and 

a r e  no t  faccwred a s  d i r e c t  labor. .  . . 
Labor hours were e s t a b l i s h e d  by Manufacturing Eng inee r ing  e s t i m a t e s .  The 

c o s t  a n a l y s i s  r e f l e c t s  t h e  use  of s t a n d a r d ,  developed,  h igh  product ion  systems 

w i t h  modern methods employed f o r  mat .er ia1 handl ing .  . 

Unders tandably ,  t h e  u n i t  c o s t  w i l l  be h ighe r  du r ing  a  p roduc t ion  b u i l d u p  

p e r i o d ,  consJdering t h e  d i sadvan tages  of reduced:volume purchas ing ,  inc-reased 

machi,ne s e t u p  and tear-down f requency,  and nonoptimized ma te r i a l -hand l ing  

t echn iques .  It is e s t ima ted  t h a t  t h e  h e l i o s t a t  u n i t  c o s t  might be 

approximate ly  25 pe rcen t  h ighe r  .a t  a  .production r a t e  o f  25,000 u n i t s l y e a r  

compared to' 50,000 u n i t s l y e a r .  S i m i l a r l y ,  t h e  u n i t  c o s t  would decrease, 

f u r t h e r  a s  t h e  r a t e  i n c r e a s e s  ove r  50,000 u n i . t ~ / ~ e a r ,  a l t hpugh  the  d e c r e a s e  

would not  be a s  dramat ic .  
2  

Th'e u n i t  a r e a  c o s t  of  t h i s  h e l i o s t a t  i s  $ 5 . 1 7 / f t  w i thou t  t h e  r e f l e c t i n g  

p a n e l s .  BNL h a s  es t , imated  t h e  p roduc t ion  c o s t  f o r  t h e  l i g h t  weight .  p a n e i s  
- 2 shown i n  F i g u r e  9 t o  be. $ 1 . 2 5 / f t  . T h i s  estimate i s  based  on m a t e r i a l  c o s t  

u s ing  p roduc t ion  t o o l i n g .  t o  minimize' l a b o r  c o n t e n t .  W e  have  assumed t h a t  a l l  

t o o l i n g  c o s t s  have been w r i t t e n  o f f  on p r i o r .  sales. Thus t h e  t o t a l  h e l i o s t a t  

purchase  p r i c e  is $6.42/f  tL. 



SECTION' x 
SYSTEM COST PAYBACK 

\ 

The economic v a l u e  of a  sma l l  power-tower-type s o i a r  energy  c o l l e c t o r  is 
. . 

dependent  'on many f a c t o r s .  However, t h e  system c o s t ,  s o l a r  insolat.i .on 'and 

c o s t  of competing f u e l  a r e  t h e  dominant .parameters .  ' . . 

': The a p p l i c a t i o n  ana lyzed  by  rookh haven 'is l i m i t e d  to.  t he  ; b u i l d i n g  h e a t i n g  
. . 

and c o o l i n g  l o a d s  found 'in. t h e  N o r t h e a s t e r n  s t r e a m .  technology a r e a  o f '  t h e  . . 

u n i t e d  S t a t e s  . a l t h o u g h  o.ther a p p l i c a t i o n s  e x i s t .  
. . . . 

' 

.The- s y s t e m ' c o s t  is dominated by. t he  h e l i o s t a t  c o s t .  The Westinghouse . , 

Advanced Energy .System ~ i v i s i o n  working under  a  s u b c o n t r a c t  . from ..Brookhaven 
. ,  . 

h a s  conducted a  p roduc t ion  c o s t .  e s t i m a t e  :of t h e  h ' e l i o s t a t  and t h i s  wqrk i s  

summar i z~d  i n  ~ e c . t i r r t v ~ ;  The b e i t  p i o d u c t i 6 n  d e s i g n  w a s  found t b  
. . 

c o s t  $6.42/.ft2 of  re f lec ' to ' r  s u r f a c e .  This . :un i t -a rea  c o s t  w i l l  be used i n  

t h e  system cos t  a n a l y s i s  which is summarized i n   able X.1. 
, . 

. . Table X . l  
. . 

power-Tower Sys tern cos t s  
, . , . ,  . . 

~ e l i o s t a t s  . ' . 

- ~ o i i e r  ' . .  

I 'Tower 

Controls . 

When used a s  an  energy  supplement ,  t h i s  system i s  expec ted  t o  d i s p l a c e  

2,0,3.54 g a l l o n s  of f u e l  o i l  when.'diployed i n  t h e  Nor theas t  where t h e  mean 

a n n u a l  i n c i d e n t '  i n p l t  is 3.36 x 105 ~ t u / . f t ~ .  The d e t a i l s  of t h i s '  

de t e rmina t i ' on  a r e  shown i n   able ~ ' . 2 .  



Tab le  X.2 

Fuel  Displacement 

C o l l e c t o r  a r e a  11,055 f t 2  

S o l a r  i npu t  per  yea r  3.36 .x lo5 ~ t u / f t Z .  

System e f f i c i e n c y  b o i l e r  l o s s e s ,  r e f l e c t i v i t y  70% . . 

Geometry f a c t o r  shadowing, o p t i c s ,  c o s i n e  0 76.3% , . , 
. . .  

Energy y i e l d  ( 1  . ga l  46 o i l  burned a t  75% e f f . )  
' 

2.24 x lo9 Btu 

Annual f u e l  s av ings  20,354 g a l  

I The economic relat isonship between the  inves ted sum and the opera t ing  

saving is use r  dependent. Two balance s h e e t s  have been prepared and a r e  shown 

i n  Tables X . 3  and X.4.  One balance.  sheet  ,is f o r  a  t a x  exempt use r  such a s  a ,  

school  ,' h b s p i t a l ,  munic ipal ,  or o the r  nonprof i t  i n s t i t u t i o n , .  and the  second 

f o r  a  profit-making use r  i n  the  50% t a x  bracket .  It is i n t e r e s t i n g  t o  note  

t h a t  a  s h o r t e r  payback period e x i s t s  i n  the  50% t a x  case  because of a l lowable  

write-off  f o r  c 'api ta l  investment. 

This a n a l y s i s  is based on. the  assumption t h a t  the  f i r s t  commercial, system 
I 

. w i l l  be i n s t a l l e d  in'1985'.  This ai lows time f o r  f u r t h e r  development and f i e l d  

t e s t i n g  of t h i s  s o l a r  energy collecti .on system b e f o r e ' . i t s  in t roduc t ion .  i n t o  a  

compet i t ive  energy market. Using a  7% i n f l a t i o n  r a t e  t h e  system c o s t  i n  

1985 w i l l  become $160,500. The balance  s h e e t  a n a l y s i s  w i l l  b e b a s e d  on t h i s  

c o s t .  



Table X.3 . , 

Balance Sheet -..Tax Exempt 

Price  of 
o i l  116, 

$ / g a l  . 

Fuel . . $160,500 ~ a i n t e n a n c e  
savings ,  $. Amortized . 7% in f la t ion , '  

(20,354 g a l )  .' 8%-12 yr ,  $ $ 

Net 
savings 

per  year,  $ 

Gross 
sav ings ,  

$ 

' "Assumed 8% increase'  per year. 
. . 



' .  

Table X.4 
. . 

Balance Sheet - 50% Tax Bracket . 

Fuel cost $160,500 Return Return Maint. . . Net 
Price of savings af ter  Amortized ' from from cost savings Gross 
o i l ,  86 tax credi t ,  $ - 8%-8 yr,  interest  capitol  a f ter  tax, per savings, 

$ / g a l  ' (20,354 ga l )  $ credi t ,  $ write-off', $ credi t ,  $ year $ 

*Assumed 8% increase per year. 

. . 



SECTION' X I  
. . 

CONCLUSIONS AND RECOMMENDATIONS 

- ' X I  .A. . Conclus ions  

X I . A . l .  Wind-Avoidance Design 
. . 

S o l a r  ene rgy ,  ' i n  g e n e r a l ,  i s  r e c e i v e d  du r ing  hours  of low wind v e l o c i t y .  

T h e r e f o r e ,  a  h e l i o s ' t a t  d e s i g n  t o  o p e r a t e  ' i n  a  wind-avoidance mbde i s  v i , ab l e  
. . 

and coniirmed by a n a l y s i s  ( s e e  S e c t i d n  V I  f o r  d e t a i l s ) .  

T h i s  fold-down wind avoidance  concept  r e s u l t s  i n  a  l i g h t w e i g h t  h e l i o s t a t  
, , 

d e s i g n .  ' The p r e s e n t  f  i r s t - g e n e r a t i o n  p r o t o t y p e .  h e l i o s t a t  i?as a  weight - tq-area  

r a t i o  of 6.5 l b / f t 2 .  T h i s  was a  c o n s e r v a t i v e  des ign  and c o n s i d e r a b l e  

. ' .  weight  r e d u c t i o n  is o b t a i n a b l e  through an i t e r a t i v e  d e s i g n - p r o c e s s . ,  The '  

, d e s i g n  e f f o r t  was. i n s u f f i c i e n t  ' t o  dr ive .  t o  lowes t  c o s t  ( s e e  r e ~ ~ m m e n d a ' t i o n s  . 
' 

. . item 1 ) .  . 

X I  .A. 2. - ~ o r m a i  I n c i d e n t  Solar,? I n s o l a t i o n  

The q u a n t i t y  of normal i n c i d e n t  s o l a r  i n s o l a t i o n  was measured a t  Upton, 

NY f o r  1 3  months and an improved method of e s t i m a t i n g  t h i s  normal i n c i d e n t  

t n s o l a t i o n  g e n e r a t e d ,  The r e s u l t i n g  y e a r l y  sums 'of normal i n c i d e n t  i n s o l a t i o n  

f o r '  t h e  N o r t h e a s t e r n  steam-powered space -cond i t i on ing  r eg ion  were d i s a p p o i n t -  

. . i n g l y  low ( s e e  ' S e c t i o n  V I I )  . These low i n s o l a t i o n  v a l u e s  a d v e r s e l y  a f £ e c t e d  

t h e  economic a n a l y s i s  and r e s u l t e d  i n  a  l o n g e r  than  d e s i r e d  payback . 

p e r i o d .  
. . 

. .  . 

X I  .A.3. ~ e f  letting Film Development 

The  rookh haven-~unrnare ~ o o ~ e r a t i v ' e  s e a r c h  ' fob a c c e p t a b l e  r e f l e c t i n g  . 

. a s t i c  f i l m  w a s  . n o t  s u c c e s s f u l  i n  t h a t  i t  f a i l e d  t o ' ' i ' d e n t i f y  a b e t t e r  r e f  l e c -  

t i n g  f i l m  than  t h e  s t a n d a r d  Dunmore 393. N e i t h e r  reflectivity nor  

l i f e  was improved ove r  t h o s e  of ,  t h e  393 p roduc t  which a r e  84% and 6..3 y e a r s ,  
. , 

r e s p e c t i v e l y .  

X I  .A.4. , Ref l e e t i n g  F i l m  Suppor t  Package 
. . 

"' .A l a r g e  f r a c t i o n  of t h e  development '  e f  f0,r.t was devoted  t o  d e v e l o p i ~ g  ' a  

r e f  le ,k t ing  f i l m  ' suppor t  system which ' is inexpens ive .  t o  manufac tu re r ,  has. good 

w e a t h e r a b i l i t y ,  and p:reserves good. s p e c u l a r i t y .  A ~ I  of ' t h e s e  o b j e c t i v e s  were 



ach ieved  and two s a t i s f a c t o r y  s t r u c t u r e s  developed.  These a r e  shown i n  

F i g u r e s  10 and 11. The d e s i g n  shown i n  F i g u r e  10 has  t h e  poorer  s p e c u l a r i t y ,  

b u t  i t  is a c c e p t a b l e  and w i l l  be t h e  l e a s t  expens ive  t o  manufacture.  

XI.A.5.. Small  Power-Tower Concept 

The s m a l l  power-tower s o l a r  energy  c o l l e c t i n g  concept  was s t u d i e d  i n  

g r e a t  d e t a i l   and found t o  be t e c h n i c a l l y  v i a b l e , w i t h  an economic p o t e n t i a l .  

' . The space-condi t ion ing  market i n  t h e  N o r t h e a s t e r n  p a r t  of t h e  U.S. appea r s  t o  . . . , 

r e p r e s e n t  a  v i a b l e  market  a l t hough  o t h e r  i n t e r e s t i n g  a p p l i c a t i o n s  e x i s t .  A ', 

f u r t h e r  r e d u c t i o n  i n  t h e  h e l i o s t a t  p roduc t ion  c o s t  is  neces sa ry  t o  meet 

compe t i t i on  from. f o s s i l  f u e l s  i n  t h e  i d e n t i f i e d  marke t .  A recommenda'tion . 
a d d r e s s i n g  t h i s  .need is  g iven  . i n  i tem 1. 

The power-tower c o n f i g u r a t i o n  is more c o s t  e f f e c t i v e  t han  o t h e r .  syst,em 

c o n f i g u r a t i o n s  because t h e ' f r e e d o m  of t h e  two a x i s  motion systems a l l ows  more 

ene rgy  t o . b e  c o l l e c t e d  per  u n i t  a r e a  of r e f l e c t o r  and t h e  s t a t i o n a r y  energy  

r e c e i v e r  reduces  energy  c o l l e c t i o n  l o s s e s .  This  c o n f i g u r a t i o n  should 

u l t i m a t e l y  dominate t h e  s o l a r  energy  market once t h e  hard f a c t s  of economics 

become c l e a r .  

XI.A.6. The l i f t i n g  of a 6-inch snow ioad  is  a  s e r i o u s  d e s i g n  c o n s i d e r a t i o n  

and should  be reexamined. 

h ' 

XI ..B. Recommendations 

XI.B.l. H e l i o s t a t  Cost  R e d u c t i o n .  

~ e c a u s e '  of t h e  s h o r t  t ime schedu le  of <his development ,  t h e  planned 

i t e r a t i o n  i n  t h e  h e l i o s t a t '  d e s i g n  was c a n c e l l e d .  A s  a  r e s u l t ,  on ly  t h e  f i r s t  

h e l i o s t a t  p r o t o t y p e  w a s  b u i l t .  Th i s  des ign  was of n e c e s s i t y  c o n s e r v a t i v e  and 

a t  l e a s t  one d e s i g n  i t e r a t i o n  i s  r e q u i r e d  t o  reduce  i t s  weight  and c o s t .  

A two-year des ign  e f f o r t  u s ing  modern 3-dimensional  computer s t r e s s  

a n a l y z i n g  t echn iques  should  r e s u l t  i n  a  major  r e d u c t i o n  i n  weight  and 

p r o d u c t i o n  c o s t .  The i n t e r a c t i o n  wi th  snow should  be c a r e f u l l y  s t u d i e d .  . T h i s  

a c t i o n  i s  s t r o n g l y  recommended. 

A c a r e f u l l y  -planned cos t - r educ t ion  program w i t h  adequa te  t ime f o r  good ' 

e n g i n e e r i n g  w i l l  r e s u l t  i n  t h e  development of a  h e l i o s t a t  t h a t  is p r i c e  

c o m p e t i t i v e  w i th  o t h e r  energy  sou rces  i n  t h e  market .  
. . 



X I .  B. 2.  ' p l a s t i c  ~ i l m  Develo.pment 

I n  s p i t e  of t h e  d i s a p p o i n t i n g  r e s u l t s  of t he  Brookhaven-,Dunmore r e f l e c t -  

i n g  f i l m  development program ( s e e  c o n c l u s i o n s ,  i t e m  3 ) ,  t h e  need t o  develop  an  

i n e x p e n s i v e ,  n o n f r a g i l e ,  f l e x i b l e  r e f l e c t i n g  s u r f a c e  s t i l l  e x i s t s .  Th i s  
/ 

n e c e s s i t y  should  ' e v e n t u a l l y  f o r c e  a  s o l u t i o n  t o  t h e  problem and ou r  f a i l u r e  
. . 

,does n o t  mean t h a t  no s o l u t i o n  e x i s t s .  E f f o r t s  t o  deve1op .a  p l a s t i c  

r e f l e c t i n g  s u r f a c e  s h o u l d  con t inue .  
. . 

. . 



SECTION XI1 

PROJECT . PERSONNEL 

During this two-year dev61'opment many people contributed services, some. 

for short periods.of time, others for. longer. 
. . 

Mr. Peter A. Montemurro, serving as project coordinator, was invaluable. 

. Through his.diligent and industrious efforts,. the diverse tasks of this .- 

program were co~lectively brought to successful con.clusio~ns. 

I would also .like to make special note of the a.id and encouragement 

received from the late Dr. George Kenneth Green in the concept and planning 
. . 

phase of this program.. His wisdom'and' invaluable insight were critical 'to 

this and many other activities .at Brookhaven. b rook haven lost a cherished 
leader is his passing. 

The following is a listing of those people who worked hard and faithfully 

to make this solar energy collecting concept, successful and whose services 

were greatly appreciated. Brookhaven wishes to take this opportunity to thank 

.each and every one. \ 

Name Function Comment 

,Michael Acker Mechanical Technician .Heliostat Laboratory 

Bob Brown Meteorologist part time, Insolation 

Measurement 

Larry Bruno . .~echanical Design Heliostat Design 

Joe Considine Mechanical Technician Reflector Fabrication 

J. G. Cottingham Principal Investigator 

Felix Cruz . Mechanical Design Heliostat Design 

Brendon DeMilt Engineering Writer Gross Summary Report 

Frank DiCresco Electronic Technician Heliostat Laboratory 

Ted Faust Electrical Technician Testing 

G. Kenneth Green Physicist Concept Generation 

David E. .Guy ' Machinist - Structure Fabrication 

Jim Long Mechanical Design Heliostat Design 

Edgar McKenna Technical Specialist ' Laboratory Foreman 

Peter A. Montemurro Engineer Reflector Surface 



Name 

Har,ry C : Moore 

Function Comment 

Student Engtneer. Heliostat ~ a b o r a t ~ r ~  

Michael Peragine Mechanical Design Heliostat Design 

John Reany Mechanical Technician Heliostat Laboratory 

Bob Roosa Mechanical Technician Reflector Fabrication 

Ronald Segal Student Engineer Heliogtat Laboratory 

Robert ~cheverer Mechanical'Technician ~eliostat Laboratory 

Kevin Scoles 

S . Sethuraman 
Reflectivity Measurements Summer student 

Meteorologist Part time, Wind Analysis 

Kathryn Szabat Mathematics Summer employee 

Joyce Tichler Meteorologist, Programmer Part time, Data Analysis 

Bill Wilhelm Electrical Engineer Part time, Instru- 
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