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1 . 0  I n t r o d u c t i o n  

T h i s  document i s  a  p o r t i o n  of t h e  Proposed  I n s t r u m e n t a t i o n  

P lan  ( r e f .  SHC-1006). The i n t e n t  i s  t o  p r o v i d e  n e c e s s a r y  

i n s t r u m e n i a t i o n  f o r  MSFC a s  s p e c i f i e d  i n  t h e  S.O.W., P a r a g r a p h  

4 . 3 B .  F u l l  compl iance  t o  t h e  p roposed  i n s t r u m e n t a t i o n  p l a n ,  

a s  s p e c i f i e d  i n  SHC-1006, i s  o u t  o f  t h e  program s c o p e .  T h i s  

p l a n  c o n t a i n s  a  s y s t e m  d e s c r i p t i v e  summary and a d e f i n i t i o n  of 

t h e  r e q u e s t e d  i n s t r u m e n t a t i o n .  To a s s i s t  i n  i n s t r u m e n t a t i o n  

J e f i ~ ~ i L i u r i ,  a  s c h e m a t i c  h a s  been p r e p a r e d  showing i n s t r u m e n t a t i o n  

l o c a t i o n s ,  l i n e  s i z e ,  and Plow d i r e c t i o n s .  A l i s t  h a s  been  ~ . a d e  

o f  a l l  r e q u i r e d  i n s t r u m e n t a t i o n ,  a s  s p e c i ' f i e d  i n  NASA SCH-1006, 

and t h e  sys t em o p e r a t i n g  modes have been d e f i n e d .  

2 . 0  System D e s c r i p t i v e  Summary , 

The prime e l emen t  o f  t h e  c o l l e c t i o n  s y s t e m  i .5  t h e  f l a t  p l a t e  

s o l a r  c o l l e c t o r .  I t  i s  c a p a b l e  o f  b e i n g  i n t e g r a t e d  i n t o  a  

s l o p i n g  r o o f  o r  p l a c e d  on a  f l a t  r o o f  u s i n g  t r u s s  s u p p o r t s .  

The c ~ l l e c t o r  i s  w a t e r  t i g h t .  . . t o  t h e  o u t s i d e  e le ,ments  and i s  

i n s u l a t e d .  S o l a r  h e a t  from t h e  c o l l e c t o r  i s  c a r r i e d  by a  t r a n s -  

f e r  f l u i d  t o  t h e ,  t h e r m a l  s t o r a . g e  t a n k ,  where h e a t  t r a n s f e r  t a k e s  

p l a c e  in  a seconda.ry hea.t  e x c h a n g e r ,  t o  . p e r m i t '  . t h e r m a l  s t o r a g e  

i n  a l a r g e ,  w a t e r - F i l l e d  ta.nk. The h e a t e d  w a t e r  i s  t h e n  pun.ped. 

t h r c u g h  a l i q u i d - t o - a i r  h e a t  exchanger  t o  p r o v i d e  space  h e a t i n g  
1 

when r e q u i r e d .  An a u x i l i a r y  e l e c t r i c  s t r i p  h e a t e r  pro 'v ides  h e a t  

when t h e  s o l a r  s t o r a g e  i s  n o t  a v a i l a b l e .  Domestic w a t e r  p a s s e s  

th rough  a h o t  w a t e r  h e a t  exchanger  i n  t h e  thermal .  s t o r a g e  t a q k ,  



p r i o r  t o  p a s s i n g  t h r o u g h  t h e  a u x i l i a r y  e l e c t r i c  hot.  w a t e r  h e a t e r .  

2 . I .  .Sys tern Type 

The t y p e  o f  sys t em t h a t  Colt .  will employ,  a t  t h e  o p e r a t i o n a l .  

t e s t  s i t e s ,  u t i l i z e s  a  f l a t  p l a t e  c o l l e c t o r  w i t h  a  p a r a f f i n i c  

l i q u i d  h e a t  t r a n s f e r  l o o p  t h a t  t r a n s p o r t s  p a r a f f i n i c  o i l  

t h r o u g h  a  s e c o n d a r y  h e a t  exchanger  i n  a  w a t e r  t h e r n a l  s t o r a g e  

t a n k .  

2 . 2  C o l l ' e c t o r  Area  

'[he , c o l l e c t o r  measures  approximate ly .  10 '  x  2 ' .  Each c o l l e c t o r  
. .. f . . , ,  

a b s o r b e r  surl'a'ce i s  1 7 . 0 6  s q u a r e  f e e t .  Each o p e r a t i o n a l :  ' t e s t  

s i t e  i s  e x p e c t e d  t o  have 35 c o l l e c . t o r s  p r o v i d i n g  a p p r o x i m a t e l y  

6 0 0  squa . re  f e e t  o f  a b s o r b e r  s u r f a c e .  

2 . 3  C o l l e c t o r  D e s c r i p t i o n  

2.3.. 1. Absorbe r  S u r f a c e  

The a b s o r b e r  s u r f a c e  c o n s i s t s  o f  two ( 2 )  f l a t  20-gauge 

s t e e l .  p l a t e s  formed t o g e t h e r  by Sean  w e l d i n g ,  and 

p r e s s u r e  expanded t o  p r o v i d e  a  f l o w  p a t h  f o r  t h e  heat. 

t r a n s f e r  f l u i d .  T h e  s u r f a c e  o f  the  a b s o r b e r  i s  s e l e c ~  

t i . v e l y  c o a t e d  w i t h  b r i g h t  n i c k e l  a n d  b l a = k  chrome. 

2 . 3 . 2  C o l l e c t o r  Frame 

The c o l l e c t o r  frame i s  u n i q u e l y  f a b r i c a t e d  from a s i n g l e  

s h e e t  o f  20-gauge  s t e e l  t o  su.pport  t h e  g l a z i n g ,  c o n t a i n  

t h e  back s i d e  i n s u l a t i o n ,  p r o v i d e  a  f i r e  r e t a r d a n t .  I 

b a r r i e r ,  and house  t h e  a b s o r b e r  p l a t e .  The f rame,  i n  



c o n j u n c t i o n  w i t h  t h e  g l a z i n g  i n t e r f a c e  m o l d i n g s ,  c a n  be 

i n t e g r a . t e d  i n t o  t h e  r o o f  between t h e  j o i s t s  o f  a  b u i l d i n g ,  
. . 

o r  r e c e i v e  s u p p o r t  s t r i c t u r e  f o r  p l acemen t  on a  f l a t  r o o f .  

2 . 4  T h e r m a l  st orrage 

Each of t h e  two ( 2 )  o p e r a . t i o n a l  t , e s t  ' s i t e s . w i l 1  have  d i f f e r e n t  

thenr ia l  s to ra .ge  t ank .  c o n f i g u r a t i o n s .  One tank. w i l l  be a  1500 

ga l  l o n  c o n c r e t e  c o n t a i n e r -  t h a t  w i . 1 1  be i n s u l a t e d  w i t h  2'' o f  

u r e t h a n e  foam and  w i l l  be b u r i e d  i n  t h e  ground.  Heat t r a n s f e r  

from t h e  c o l l e c t o r  t h e r m a l  f l u i d  t a k e s  p l a c e  i n  a  compos i t e  

f l a t  p l a . t e  h e a t  exchanger  assembly . housed  . w i t h i n  t h e  t h e r m a l  
. , .  . . . . . . . 

s to . rage  t a n k .  

The second  t.ank i s  f a b r i c a t e d  o f  s t e e l '  w i t h  an i n t e g r a l  p l a t e  

c o i l  h e a t  exchanger  forming t h e  c y l i n d r i c a l  s h e l l .  T h i s  t a n k  

will a l s o  b c  i n s u l a t e d  w i t h  2 i n c h e s  o f  u r e t h a n e  foam. The 

s t e e l ,  t a n k  w i l l  be p l a c e d  i n s i d e  t h e  o p e r a . t i o n a 1  t e s t  s i t e  

b u i l d i n g .  

. . . , . . 

2 . 5  Space Hea t ing  Method. 

Hot w a t e r  w i l l  be  pu.mped from t h e  t h e r m a l  s t o r a g e  t a n k  t h r o u g h  

a  l i q u i d - t o - a i r  h e a t  exchanger  l o c a t e d  i n  t h e  h e a t i n g  d u c t .  An . . '  

a u x i l i a r y .  e l e c t r i c  s t r i p  h e a t e r . . . w . i l l  : b e  i n s t a l 1 : e d  jn  t h e  same 

h e a t i n g  d u c t  t o  p r o v i d e  h e a t  d u r i n g  t h e -  absence  o f  s o l a r  h e a t -  

i n g .  A s q u i r r e l  cage  f o r c e d  d r a f t  b lower  w i l l  p r o v i d e  a i r  

c i r c u l a t i o n  t h r o u g h  t h e  h e a t  exchanger  and t h e  a u x i l i a r y  

e l e c t r i c  s t r i p  h e a t e r .  



2 . 0  I . l ~ t  Wate r  S ~ i b  S y s t e m  

I ; c . n ~ e ~ t i c  w a t e r  w i l l .  p a s s  .t.lii-cugh a. 6 6  g a l l o n  h o t  ~ G a t e r  h e a t e r  

e x c h a n g e r  h o u s e d  i n  t h e  t .herx ta l  s t o r a g e  t a n k .  I t  w i l l  t h e n  

pat . s  t o  a 5 2  g a l  l o n  c l r c t r i c  w a t e r  : s t o r a g e  h e a t e r  m a n u f a c t u r e a  

by ./\nier.i can  Appl i a n c c  ~.l;lniif a c t u r i n g  C c r p o r a t i o n .  

The e 1ec:tr.i.c I . leat . ing e l e m c n t .  p r o v i  d.es a u x i l i a r y  h e a t  \<hen t h e  

\tl:hter t c m i e r a t u r e  d r o p s  b e 1  ow 1 . 2 ~ ~ ~ : .  

2 . 7  E n e r g y  ' I ' r a n s p o r t  S y s t e m  

o f  eov inp ,  I SO0 cfm o f  a i r  a c r o s s  t he  h e s t i n g  c o i l  a n d  

e 1 e c t r i . c  d u c t  h e a t e r .  T h i s  b l o w e r  i . s  a p a r t  ol: t h e  h e a t -  

2 . 7 . 2  U u c t  

T h e  d u c t  c r - a s s - s e c t i o n  m e a s u r e s  31" b y  21" and  i.5 F ' ab r i -  

c a t ed  u f  26-g;.li:ge shee t  ~ n e t a l ,  i t l s u l a t e d  ~ s i t h  f i b e r g l a s s ,  

d o ~ n s t r e a n i  o f  t h e  h .ea t  e x c h a . n g e r s .  

2 . 7 . 3  Pumps 

' ~ o ' l t  h a s  speci . i . ied  t ~ "  (2. )  t y p e s  01 ~ I I Y P S ;  c a s t  i r o n  And 

s t a . i n l e s t ;  s t e e 1  . I3crtll a.1.e '~iinrlul'ac t u r c d  by  Grund.fos Pump 

Corpo t , a t . ion .  'l'hc! c a s t  i r o n  pvn!p wi 1.1 Ije u s e d  f o r  t h e  

c l o s e d .  l c o p  s y s t e m  i n  t h e  c c l l . c c t o r  l o o p  which pun!ps . . .  p a r a -  

f f . i n i . c  o i l .  A s t q i f i . l e s s  s t e e l  pump wi 1 1  be  u s e d  i n  t h e  

..:pace h e a t i n g  l o o p  w11icI1 i s  a n  open  s y s t e m  pumping w a . t e r .  . 



Pump s p e c i f i c a t i . o n s  t o  be  . supp l i ed .  l a t e r .  

. . . .  . 
2 . 7 . 4  P i p i n g  

A l l .  p i p i n g  s h e l l  be Type Li c o p p e r  t u b i n g ,  i n s t a l l e d  w i t h  

sweated  c o p p e r  f i t t i n g s .  The d i a m e t e r  o f  t h e  p i p i n g  i s  
L ' 

n o t e d  on s o l a r  . sys tem s c h e x a t i . ' ~  p i p i n g .  Length o f  r u n  

w i l l  b e  a s  r c q u i  r e d  by t h e  p a r t . i c u l a r .  i n s t a l l a t i o n .  

I " a r a f l ' i n i c  o i l .  (Dow l'herm H F ) ,  h a s  been s e l e c t e d  f o r  t h e  

syst.em h e a t  t r a n s f e r  f l u i d .  . I t  i s  l o w  c o s t . ,  n o n c o r r o s i v e ,  
. .  . . , 

. .  . 
. . 

.. . .  

h a s  a m a d e r i t e  v i s c o s ' j . t y ,  a n d a  h i g h  f l a s h  :, I n  

a d d i t i o n ,  it h a s  no  f r e e z i n g  o r  b o i l i n g  p r o b i e m s ,  r e q u i r e s  

o n l y  a moclerate pumpi.'ng power,  a n d  c o n t r i b u t e s  t o  e x c e l l e n t  

pump and v a l v e  I:i.€e. The t a b l e  below',   able 2 . 7 . 5 - 1 ,  

d e s c r i b e s  t h e  p ; l ) . s i c a l  p r o p e r t i e s  o f  t h e  p a r a f f i n i c  o i l .  

'TABLE 2 . 7 . 5 - 1  

Thermal C o n d u c t i v i t y  
( B T U /  ( N R )  ( ' F T ~ )  (OF/FT) - .- - - - -. - - - - - .078  .076 

V i s c o s i t y  ( C c n t i p o i s e )  - - - - -  - -  - - - -  2 8 4 . 5  

S p e c i f i c  Hea t  ( B T U / ~ ~ ' F )  - -  - - - - - - - -  . 4 7  .52 



2 . 8  A u x i . l i a r y  Energy 

For each o p e r a t i o r l a 1  t e s t  s i t e ,  b o t h  110 2nd 220 v o l t  s e r v i c e  

w i l l  b e  r e q u i r e d . .  A3:l c o n t r o l l e r s  w i l l  bc suppl.:ied with 110 

v o l t  power w i t h  t h e  :ex.ception. of  t h e ,  t l iermo's tat  th.11. w i l l  b e  

l o u v o l t a g e .  A l l  motor  c o n t r o l l e r s  w i l l  be s w i t c h e d  b y  low 

v o l t a g e .  The pumps and t h e  f o r c e d  d r a f t  b lower  w i l l  r u n  on 

110 v o l t  power. The-. a u x i l i a r y  s t r i p  h e a t e r  an'd t h e  a u x i l i a r y  

h o t  w a t e r  h e a t e r  w i l l  r u n  on 220 v o l t .  

2 .9  O p e r a t i o n a l  C o n t r o l  Sequence 

'l'h,e .Co l t  s o l a r  h e a t i n g  and h o t  w a t e r  h e a t i n ' g . s y s t e m  1s most  

e a s i l y  d e s c r i b e d  by t h e  s o l a r  s y s t e m  s c h e m a t i c  shown on F i g u r e  

2 . 9 - 1 .  

C o n t r o l  of  pump P - 1 ,  which pumps t h e  h e a t  t r a n s f e r  f l u i d  

t h r o u g h  t h e  c o l l e c t o r '  and t h e  t h e r m a l  s t o r a g e  t a n k ,  i s  aceom- 

p l i s h e d  by a  d i f f e r e n t i a l  t e m p e r a t u r e  c o n t r o l l e r .  Th i s  c o n t r o l  

measures  t h e  e x i t  w a t e r  t empera tu . r e  o f  t h e  c o l l e c t o r  and com- 

p a r e s  t h i s  t e m p e r a t u r e  t o  t h a t  o f  t h e  w a t e r  i n t h e  s t o r a g e  t a n k .  

When t h e  h e a t  t r a n s f e r  f l u i d  l e a v i n g  t h e  c o l l e c t o r  i s  a p p r o x -  ' .  

i m a t e l y    OF g r e a t e r  t h a n  t h e  t h e r m a l  s t o r a g e  t a n k  t e m p e r a t u r e ,  

pump P - 1  i s  t u r n e d  on.  When t h e  h e a t  t r a n s f e r . .  f l u i d  temper-  
. . 

a t u r e  d e c r e a s e s  and  approaches  t h e  t h e r m a l  . s t o r a g e  t a n k  t emper -  

a t u r e ,  pump P-1  i s  t u r n e d  o f f .  C o n t r o l  sys t em s t a b i l i t y  i s  

a c h i e v e d  by t h e  c o r r e c t  t e m p e r a t u r e  s w i t c h  p o i n t s  t o  p r e v e n t  

t h e r m a l  c y c l i n g .  Depending on t h e  s y s t e m  s i z e ,  s w i t c h i n g  

s t a b i l i t y  i s  g e n e r a l l y  a c h i e v e d  w i t h  a t e m p e r a t u r e  . d e l t a  
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s e t t i n g  of approximately  e i g h t  (8 )  deg rees .  

Pump-,P-2, supply ing  h o t  wa te r  t o  t h e  space  h e a t i n g  h e a t  I 

I 

exchanger ,  i s  t u rned  on s imul taneouSly w i t h  t h e  a i r  c i r c u l a t i n g  i 
! 

. . 

blower by t he  f i r s t  s t a g e  of  t h e  room the rmos t a t .  Should ! 

i n s u f f i c i e n t  s o l a r  h e a t  be a v a i l a b l e ,  t h e  second s t a g e  thermo- 
s ! 

s t a t  w i l l  t u r n  on t h e  a u x i l i a r y  e l e c t r i c  s t r i p  h e a t e r .  With 

t he  a u x i l i a r y  h e a t e r  on,  a i r  w i l l  con t inue  t o  be p r e h e a t e d  by 

the  s o l a r  hea t  exchanger w i t h  pump P - 2  on,  a s  long  a s  t h e  

s o l a r  h o t  water  i s  above Y O O F .  

. . 

I 

' .  . ! 
' pump P - 2  w i l l  c u t  o f f  when t h e  h o t  wa,rerl drops be low 9 0 O ~ .  . A t  

any t ime the  a u x i l i a r y  e l e c t r i c  h e a t e r  i s  on,  t h e  fo rced  d r a f t  

blower w i l l  a l s o  be on. 

2 . 1 0  c o e f f i c i e n t  o f  Performance 

To be s u p p l i e d  l a t e r .  

3 .0  i n s t rumen ta t i on  ~ e f i n i t i o n  
. , 

3.1 In s t rumen ta t i on  Locat ions  
. . . . . . . . . . , .. . . . . 

- I 

F i g u r e ,  2 .9 -1 ,  t h e  Systcm ~ c h e k t i c ,  shows t h e  l o c a t i o n  og the  
. . ! 
i n s t rumen ta t i on  t o  be used on t h e  o p e r a t i o n a l  t e s t  system and 

a l l  p i p i n g  s i z e s .  

3.2 In s t rumen ta t i on  P a r t s  Schedule 
. I  

Table 3 .2 -1  l i s t s  t h e  i n s t r u m e n t a t i o n  t o  be used i n  t h e  o p e r -  

a t i o n a l  t e s t  sys tems .  This  l i s t  i s  c o r r e l a t e d  t o  t h e  System 

Schematic 'and t h e  requ i rements  of NASA SCH-1006. 
I 



TABLE 3 .  2 - c l .  

INSTRUMENTATION '.I; 1S.T 

C o l l e c t o r / S t o r a g e  Out 

C o l l e c t o r  In 

C o l l e c t o r  Out 

C o l l e c t o r  S u r f a c e  

C o l l e c t o r / S t o r a g e  In  

S t o r a g e  Flow 

S t o r a g e  Upper 

S t o r a g e  Middle 

S t o r a g e  Lower 

Domestic Hot Water Out 

A u x i l i a r y  Hot Water 

Domest ic  Water Flow/ 

Domestic Water Flow/ . 
W . S . H .  Out 

E l e c t .  Power W.S.H. 



TABLE 3 . 2 - 1  

INSTRUMENTATION LIST . . 

(..cant inued)  

Heat Coil Out  

. . 
B u i l d i n g  I n s i d e  



3 . 3  o p e r a t i n g  Modes . . . . 

. . . . 

  he o p e r a t i n g  modes a rk  descr ibed  i n  Parag iaph  2 . 9 ,  a n d  shown 

on the: System schemat ic ,  ~ i ~ u r e  2.9-1, i n  a b b r e v i a t e d  form. The 

flow d i r e c t i o n s  a r e  a l s o  shown on t h e  System schemat ic .  
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. . ,  . . , 5 :  . ' 

1 . 0  I n t r o d u c t i o n  . .  . . . 

The approach  t h a t  C o l t  h a s  t ~ a k e n " ' t o ~ u a 1 i ~ ~ ' A s s u r a n c e  i s  t o  

p rov ide '  an  o r g a n i z a t i o n  t h a t  e f f e c t i v e l y  has  a  v o i c e  i n  a l l  

m a t t e r s  c o n c e r n i n g  Q u a l i t y .  Through Q u a l i t y  Assurance ,  a 

h i g h e r  d e g r e e  o f  r e l i a b i l i t y  w i l l  be a c h i e v e d ,  and t h e  a b i l i t y  

o f  t h e  v a r i o u s  components i n  t h e  sys t em t o  meet t h e  sys t em . . 

d e s i g n  and  sys tem s p e c i f i c a t i o n s  w i l l  be r e a l i s  t i c a l l y  

approached .  Q u a l i t y  Assurance  w i l l  n o t  en:d w i t h  hardware  ; 

it w i l l  a l s o  be i n v o l v e d  i n  a l l  documenta t ion  t h a t  i s  t r a n s -  

m i t t e d  t o  t h e  cus tomer .  I t  i s  t h e  r e s p o n s i b i l i t y  .o.f Q u a l i t y  
. . . . .  

~ s s u r a n c e  t o  . i n s u r e  t h a t  a common t h r e a d  e x i s t s  between h a r d -  

ware ,  documenta t ion ,  and t h e  c o n t r o l  f u n c t i o n s  o f  Q u a l i t y  a s  

t h e y  r e l a t e  t o  c o n f i g u r a t i o n  management. 

2 . 0  Adminis t r a t  i o n  Management 

A d m i n i s t r a t i o n  and management o f  t h e  Q u a l i t y  Assurance  f u n c t i o n  

w i l l  be t h e  r e s p o n s i b i l i t y  o f  t h e  Q u a l i t y  ~ s s u r a n c e  ~ a n a ~ e r  

a s s i g n e d  t o  t h e  NASA S o l a r  Hka t ing  and ~ o t ' w a t e r  H e a t i n g  p r o -  

j e c t .  The Q u a l i t y  Assurance  Manager w i l l  r e p o r t  d i r e c t l y  t o  

t h e  P r e s i d e n t  o f  c o l t ,  I n c .  r e g a r d i n g  a l l  f u n c t i o n s  and 

r e s p o n s i b i l i t i e s  t h a t  p e r t a i n  t o  Q u a l i t y  ~ s s u r a n c e  on t h e  NASA 

S o l a r  H e a t i n g  and Hot Water H e a t i n g  Program. The Q u a l i t y  

. Assurance  Manager f o r  t h e  NASA program w i l l  be M r .  Chuck 

Barsamian,  who h a s  been  a s s i g n e d  t h e  r e s p o n s i b i l i t y  f o r  Q u a l i t y ,  

R e l i a b i l i t y  and S a f e t y .  A s  Q u a l i t y  Assurance  Manager,  Mr. 

Barsamian w i l l  have t h e  r e s p o n s i b i l i t y ' t o  i n s u r e  t h a t  a l l  
. . 

Q u a l i t y  c o n t r a c t u r a l  r e q u i r e m e n t s '  a r e  p r o p e r l y  p l a n n e d ,  



documented, coo rd ina t ed ,  and implemented. He w i l l  s e r v e  a s  
. . 

t h e ,  c e n t r a l  c o n t a c t  f o r  a l l  Qua l i t y  Assurance l i a i s o n  w i t h i n  

t h e  S o l a r  Program. I 
I 

3.0  I n s p e c t i o n  and ,Test  . . 
. . . . 

The I n s p e c t i o n  system. f o r  t h e  S o l a r  :Program w i l l  i n s u r e  t h a t  

a l l  a r t i c l e s  and m a t e r i a l s  t h a t  have been f a b r i c a t e d  arid p r o -  

cured  w i l l  be i n s p e c t e d  and/or  t e s t e d  to, i n s u r e  conformance t o  

s p e c i f i c a t i o n  and/or  procurement requ i rements .  The i n s p e c -  

t i o n s  w i l l  occur  a s  r e q u i r e d  du r ing  r e c e i v i n g ;  p r o c e s s i n g ,  

f a b r i c a t i o n ,  assembly,  t e s t  and/or  d e l i v e r y  o f  ha rdwake ,  a s  

may be a p p r o p r i a t e .  

A l l  :cbmponents r ece ived  from o u t s i d e  vendors w i l l  be checked 

through Qua l i t y  Assurance t o  i n s u r e  t h a t  t h e  p a r t s  comply t o  

t h e  terms of t h e  purchase  o r d e r .  M a t e r i a l s  and components t h a t  

a r e  procured a g a i n s t  a  s p e c i f i c a t i o n  w i l i b e  checked f o r  com- 

p l i a n c e  t o  t h a t  s p e c i f i c a t i o n  upon r e c e i v i n g .  kl i n s p e c t i o n  
. . 

and r e c e i v i n g  p l an  w i l l  be fo rmula ted  t h a t  w i l l  i n c l u d e  t h e  

fo l lowing:  

Vendor Name 
P a r t  Number 
P a r t  Name 
Appl icab le  Drawing o r  S p e c i f i c a t i o n  
Appl icab le  Revis ion 
I n s p e c t i o n  t o  be Performed 
Name o f  I n s p e c t o r  

I 

A Q u a l i t y  Assurance p l a n  w i l l  be p r epa red  cover ing  t h e  p r o c e s s -  

i n g ,  f a b r i c a t i o n ,  and assembly o p e r a t i o n s .  Typical  Q u a l i t y  

Assurance checks t h a t  w i l l  be implemented i n t o  t h i s  p l a n  
J 



i n c l u d e  s u c h  . t h i n g s  a s :  

Assembly and p k e t e s t  
C o l l e c t o r  g l a z i n g  and s e a l i n g ,  ; .  
C o l l e c t o r  , i n s t a l l a t i o n  i n t o  t h e  roo f  

. F l u s h i n g  .and p u r g i n g  o f  l i n e s  
. C l e a n i n g  and i n s t a l l a t i o n  o f  v e s s e l s  and t a n k s  
S t o r a g e  t a n k  foaming 
I n s t a l l a t i o n  o f  a l l  ma jo r  equipment  
System f i l l i n g  and v e n t i n g  
p r o t e c t i o n  o f  f low m e t e r s  d u r i n g  s y s t e m  f i l l i n g  
I n s t r u m e n t a t i o n  check o u t  

A c h e c k - o f f  l i s t  o f  s t e p s  and f u n c t i o n s  t o  be w i t n e s s e d  w i l l  

be p r e p a r e d ,  and Q u a l i t y  Assurance  s i g n - o f f  w i l l  be  r e q u i r e d .  
. , 

T e s t  c o n d u c t i o n  w i l l  be checked by Q u a l i t y  ~ s s u r a n c e .  The 

p r i m a r y  conce rn  of  t e s t  s u r v e , i l l a n c e  w i l l  i n v o l v e  t h e ' t e s t s  

s e t  up,  d e t e r m i n a t i o n  t h a t  p r o p e r  i n s t r u m e n t a t i o n  i s  b e i n g  

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

d a t e .  The f o l l o w i n g  s p e c i f i c  r e s p o n s i b i l i t i e s  r e l a t i n g  t o  t h e  

t e s t  e f f o r t  w i l l  be s i g n e d  and.  s tamped o f f  by Qual iLy Assurance :  

T e s t  and T e s t  S u p p o r t  

Leak and h y d r o s t a t i c  t e s t i n g  
C a l i b r a t i o n  o f  w a t e r  l e v e l  d e v i c e  
V e r i f i c a t i o n  o f  i n s t r u m e n t a t i o n  c a l i b r a t i o n  
P r e t e s t  v e r i f i c a t i o n  o f  i n s t r u m e n t a t i o n  

o p e r a b i l i t y  
V e r i f i c a t i o n  o f  t e s t  d a t a  
C o n t r o l s  check  o u t  
P o s t  t e s t  c o n d i t i o n s  

A l l  documenta t ion  t h a t  forms a  p a r t  o f  t h e  a c c e p t a n c e  d a t a ' p a c k - .  

a g e  w i l l  be rev iewed by Q u a l i t y  Assurance  t o  i n s u r e  a l l . c o n -  

' 
. t r a c t u r a l  i t e m s  a r e  p r e s e n t  and i n  o r d e r  p r i o r  t o  sh ipmen t  o f  

d e l i v e r a b l e  sys t ems .  

4 . 0  C o n t r o l s  

Q u a l i t y  Assurance  w i l l  implement s e v e r a l  forms o f  c o n t r o l s  f o r  



t h e  handl ing ,  packaging,  and s t o r a g e  o f  t e s t  equipment a s  com- 

pare,d.  t o  d e l i v e r a b l e  end i t ems .  These c o n t r . 0 1 ~  w i l l  s e g r e g a t e  
. . ,. . . 

t e s t  e'quipment from de1i;erable.  end i tems.    he s t o r a g e  w i l l  

i n v o l v e  t a g g i n g  of a l l  equipment a s  t o  i t s  p a r t i c u l a r  dash num- 

b e r  and t o  s e p a r a t e  t e s t  from d e l i v e r a b l e  equipment a s  i t  

r e l a t e s  t o  c o n f i g u r a t i o n  management. ' Hardware t h a t  has been 

scrapped o r  damaged w i l l  be s eg rega t ed  i n  a  s e p a r a t e  a r e a .  A l l  

hardware,  r e g a r d l e s s  of t e s t ,  and whether d e l i v e r a b l e  o r  de fec -  

t i v e ,  w i l l  be s t o r e d  i n s i d e  t o  p reven t  bo th  damage and d e t e r i o r -  

a t i o n .  A l l  hardware t h a t  can be cdnfused because o f  des ign  

chknke6 will be c l e a r l y  marked' wi th  app rop ' r i a t e  dash numbers. 

S u b s t i t u t i o n  of  hardware w i l l  n o t  be p e r m i t t e d . u n l e s s  w i t h i n  

f u l l  compliance o f  t h e  c o n f i g u r a t i o n  management program. P r o -  

c e s s e s  t h a t  r e q u i r e  uniform Qua l i t y  Assurance,  such a s  p l a t i n g ,  

w i l l  r e q u i r e  c e r t i f i c a t i o n  from t h e  vendor performing t h e  

p l a t i n g  o p e r a t i o n .  Welds, hea t  t r e a t i n g ,  s o l d e r i n g ,  s p e c i a l  

p a s s i v a t i o n s ,  e t c .  , a r c  n o t  cons idered  t o  be des ign  c r i t i c a l  t o  

t h e  p r e s e n t  des ign .  However, should  any such appear  t o  

p r e s e n t  a  q u a l i t y  problem, c e r t i f i c a t i o n  a s  t o  i t s  performance 

w i l l  be immediately implemented i n t o  t h e  f a b r i c a t  ion  ' p r o c e s s .  
. . 

. . . . 

Q u a l i t y ,  Assurance s i g n - o f f  w i l l  be r e q u i r e d  f o r  t h e  r e l e a s e  of 

a l l  drawings,  and, a t  t h i s  t ime,  t h e  drawing w i l l  be reviewed 

p e r t a i n i n g  t o  c r i t i c a l  p roces se s  o r  i n s p e c t i o n s  r e q u i r i n g  

q u a l i t y  i n s p e c t i o n  o r  c e r t i f i c a t i o n .  



Qua l i t y  Assurance w i l l  ma in t a in  a  metrology system f o r  , c o n t r o l  , 
of  the  measurement p rocess  t o  i n s u r e  q u a l i t y  conforman.ce. This 

system w i l l  i n s u r e  t h a t :  t r a n s d u c e r s ,  f low mete rs ,  r e s i s t a n c e  

temperature  s e n s o r s  and weather g a t h e r i n g  components a r e '  w i t h i n  

t h e  c a l i b r a t i o n  Standards  recommended by t h e  manufac ture rs .  

Performance s p e c i f i c a t i o n s  o f  t h e  i n s t r u m e n t a t i o n  s e l e c t e d  w i i l  
s .  

be reviewed b y  Q u a l i t y  and compared t o  t h e  p r e s e n t  s t a t u s  o f  

a l l  i l l s t rumenta t ion .  

Should t h e  c a l i b r a t i o n s  be o u t  o f  s p e c i f i c a t i o n  v a l u e ,  b r  o u t  o f '  

d a t e ,  t he  t e s t  equipment invo lved  w i l l  be r e c a l i b r a t e d .  

. . 

6 . 0  Nonconformance 

Nonconformance of  hardware , i n v o l v i n g  components o r  s y s  tems t h a t  

a r e  d e l i v e r a b l e  i tems invo lv ing  performance s h a l l  be s u b j e c t t t o  

Ma te r i a l  Review Board a c t i o n .  Hardware judged t o  be nonconform- 
, . . . . . 

i n g  t o  drawings and/or  s p e c i f i c a t i o n s  s h a l l  r e q u i r e  Ma te r i a l  

Review Board a c t i o n .  The ' M a t e r i a l  Review Board w i l l  c o n s i s t  o f  

t h e  Program Manager, p r o j e c t  Engineer ,  and D i r e c t o r  o f  Q u a l i t y '  

Assurance.  The recommendations o f  t h e  M a t e r i a l  Review Board 

w i l l  be submi t ted  t o  MSFC who w i l l  have f i n a l  approval  o r  d i s -  

approval  p e r t a i n i n g ,  t o  t h e  M a t e r i a l  Review Board recommendations. 
, . 

The cause o f  each d i sc repancy  w i l l  be t r a c e d  t o  t h e  sou rce .  

Af f i rma t ive  a c t i o n  w i l l  be taken i n  each i n s t a n c e  t o  i n s u r e  t h a t  

t h e  d i sc repancy  i s  n o t  r epea t ed .  Should t h e  d i s c r epancy ,  i nvo lve  
. . 



a  manufactur ing p r o c e s s ,  a  d e s i g n  t o l e r a n c e ,  o r  a  ~ e r f o r m a n c e  

c r i t e r i a  t h a t  cannot be brought  i n t o  t h e  c u r r e n t  s p e c i f i c a t i o n  

o r  drawing l i m i t a t i o n s ,  a change i n  s p e c i f i c a t i o n s  and/or 

t .  
drawing w i l l  :be i n i t ' i a t e d  and approval  coo rd ina t ed  wi th  MSFC. 

7 . 0  Records 
. . . . 

Permanent records .  w i l l  b e  main ta ined  by Q u a l i t y  Assurance of  a l l  
. , 

i n s p e c t i o n s  and t e s t s  d u r i n g  t h e  program. Qua l i t y  Assurance 

w i l l  a l s o  be r e s p o n s i b l e  f o r  p r e p a r a t i o n  of  t h e  Acceptance Data 

Package and main ta in ing  a  copy o f  t h e  ~ c ' c e ~ t a n c e  Data Package 

i n  t h e  C o l t  f i l e s . ,  A l l  d e v i a t i o n s : t o  s p a c i f i c a t i o n s  axid drawings ,  
. . 

i n c l u d i n g  those  r e q u i r i n g  and those  no t  r e q u i r i n g  approval  b y .  

MSFC, w i l l  be main ta ined  i n  t h e  Qua l i t y  Assurance f i l e s .  

Co l t  w i l l  u se  Qua l i t y  Assurance a s  a  c o n t r o l  f u n c t i o n  t o  i n s u r e  

t h a t  t h e  Conf igu ra t i on  Management system i s  comple te ly  imple-  

mented i n t o  t he  drawing and s p e c i f i c a t i o n  sys.tem, f o r  d e i i v e r a b l e  

hardware.  To f a c i l i t a t e  t h i s  c o n t r o l  .procedur&, Q u a l i t y  
. . 

Assurance w i l l  ma in t a in  a  comple t e ' s e t  o f  drawings a n d  s p e c i f i c a -  

t i o n s  r e p r e s e n t i n g  t h e  l a t e s t  c o n f i g u r a t i o n .  

8 . 0  . Procedures  . . 

In-house  procedures  w i l l  be w r i t t e n  d e f i n i n g  t h e  c r i t e r i a  f o r  

Q u a l i t y  accep tance ,  o r  r e j e c t i o n ,  o f  a l l  hardware and t e s t s  a s  

s p e c i f i e d  i n  Paragraph 3 . 0 .  For example, Qua l i t y  assurance  w i l l  

be p r e s e n t  a t  t he  i n i t i a t i o n  and complet ion of  each t e s t  t o  

de te rmine  such t h i n g s  a s  c a l i b r a t i o n  d a t e s  of  i n s t r u m e n t a t i o n ,  

t h a t  s u f f i c i e n t  d a t a  i s  being ob t a ined  f o r  t h e  t e s t ,  t h a t  p r e t e s t  



check -o f f  l i s t s  were used,  t h a t  p r e p a r a t o r y  c o n d i t i o n s  d e f i n e d  

i n  the  t e s t  p l a n  have been accounted f o r ,  and t h a t  t h e  t e s t  
. . .. . . . 

r e s u l t s  a r e  i n d i c a t i v e  o f  t he  t e s t  performed.  Q u a l i t y  Assur-'. 
. . 

ance s h a l l  review a l l  t e s t  r e p o r t s  and s h a l l  s i g n  each  t e s t  
. . 

r e p o r t ,  a t t e s t i n g '  t o  i t s  accuracy.  
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NAS00119-C16 P a r t  Number, -- 
Nomenclature . -  Alignment  Tool 

D e s c r i p t i o n  and Use: 
. . 

T h i s  s p e c i a l l y  made t o o l  w i l l  a l i g n  t h r e e  ( 3 )  c o l l e c t o r s  a t  

once  t o  i n s u r e  t h a t  e x t e r i o r  r o o f  s e a l s  i n t e r f a c e  c o r r e c t l y .  

The t o o l ,  6 ' 0"  l o n g  and 6" wide,  w i l l  be f a b r i c a t e d  from 20. 

gauge c o l d  r o l l e d  s h e e t  s t o c k .  

The f u n c t i o n  o f  t h i s  t o o l  . i s  a s  f o l l o w s :  

To l o c a t e  t h e  ' ~ o l l e ~ t o f  h o u s i n g s  i n  p r o p e r  r e l a t i o n  t o  t h e  
. . 

s u p p o r t i n g  r o o f  j o i s t s  which i n  t u r n  w i l l  p r o v i d e  a l i g n m e n t  

o f  t h e  c o l . l e c t o r / r o o f  s e a l s .  

I d e n t i f i c a t i o n  o f  M a n u f a c t u r e r :  

F a b r i c a t i o n  can be accompl i shed  by a  l o c a l  s h e e t  m e t a l  

f a b r i c a t o r .  

Keason f o r  Equipment:  

The i n s t a l l a t i o n  i s  accompl i shed  w i t h  b e t t e r  a l i g n m e n t  a c c u r a c y  

r e q u i r i n g  l e s s  s k i l l .  



SPECIAL INSTALLATION AND M4INTENANCE TOOLS 

. . P a r t  Number NAS00119-C17 

~ o m e n c l a t u r e  - Crimping Tool  
. . 

D e s c r i p t i ' o n  and Use: 

A low c , o s t ,  s i m p l e  approach  i s  r e q u i r e d  t o  s e c u r e  t h e  i n t e r i o r  

c o l l e c t o r  c a p ,  which h o l d s  t h e  g l a s s  i n  p l a c e ,  t o  t h e  c o l l e c t ' o r  

s h e l l .  T h i s  t o o l  i s  r e q u i r e d  o n l y  f o r  i n i t i a l  c o l l e c t o r  
. . 

b u i l d u p  o r  t o  r e p l a c e  t h e  c o l l e c t o r  g l a z i n g .  An o f f - t h e - s h e l f  

m e t a l  c u t t e r  w i l l  be m o d i f i e d  by making t h e  jaws i n t o  a  c r i m p e r  

- r a t h e r  :khan '  a c u t t e r .  

I d e n t i f i c a t i o n  o f  M a n u f a c t u r e r :  

~ o d i f i c a t i o n  by C o l t  o f  an o f f - t h e - s h e l f  m e t a l  c u t t e r ,  a v a i l a b l e  

t h r o u g h  McMas t e r  - C a r r .  

Reason f o r  Equipment:  

T h i s  t o o l  w i l l  e x p e d i t e  p r o d u c t i o n  t i m e  and e l i m i n a t e  t h e  c o s t  

o f  : a l t e r n a t i . v e s  such  a s  s h e e t  m e t a l  s c r e w s .  
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This  document i s  an a n a l y s i s o f  h a z a r d o u s  c o n d i t i o n s ,  t h a t  may 
I 

e x i s t  i n  t h e  s o l a r  liot w a t e r  and s p a c e  h e a t i n g  s y s t e m s .  Thi,s 
. . 

a n a l y s i s  i d e n t i f i e s  ex t reme c o n d i t i o n s  and d i s c u s s e s  t h e i r  

p o t e n t i a l  h a z a r d .  The h a z a r d s  have been  e v a l u a t e d  for a l l  

major  a s p e c t s  o f  t h e  s y s  tern, i n c l u d i n g  p e r s o n n e l ,  equi-pment , . 

and s t r u c t u r e .  

2 . 0  Approach 

T h i s  a n a l y s i s  i d e n t i f i e s  haza rds  t h a t  may be d e t r i m e n t a l  t o  
. . . . . . 

p e r s o n n e l ,  e q u i p m e n t ,  and t h e  s t r u c t u r e .  A i l a s s i f i c i t i 6 n  has 

been e s t a b l i s h e d  a s  t o  whe the r  t h e  h a z a r d  l e v e l  i s  Major ,  

Minor o r  None, R e s i d u a l  h a z a r d s  have been examined and  
- 9  

i d e n t i f i e d ,  such  a s  hardware  f a i l u r e s  t h a t  may c a u s e  f u r t h e r  

c o n t r i b u t i o n  t o  a  h a z a r d .  

2 . 1  Nazard I d e n t i f i c a t i o n  

The o b j e c t i v e  i n  a n a l y z i n g  t h e  h a z a r d s  t o  p e r s o n n e l ,  equ ipmen t ,  

and s t r u c t u r e  i s  t o  f i r s t  i d e n t i f y  t h e  h a z a r d ;  s e c o n d l y ,  sub -  

j e c t i v e l y  c l a s s i f y ' t h e  h a z a r d  r i s k ;  and t h i r d ,  d i s c u s s  what  

c o r r e c t i v e  a c t i o n  o r  method o f  c o n t r o l l i n g  t h e  h a z a r d  i s  

r e q u i r e d .  

2 . 1 . 1  Hazard t o  P e r s o n n e l  

There i s  conce rn  f o r  t h e  e l i m i n a t i o n  o f  a l l -  h a z a r d s .  Of 
. . 

p r i m a r y  conce rn  is  t h e  e l i m i n a t i o n  o f  haza ' id s  t o  p e r s o n n e l .  

P o s s i b l e  h a z a r d s  t o  p e r s o n n e l  have been d e f i n e d  a s :  t h e  



c o n t a m i n a t i o n  o f  t h e  d o m e s t i c  h o t  w a t e r ,  g l a s s  b r e a k a g e ,  

h o t  w a t e r  e x c e e d i n g  160°, and t h e  r e l e a s e  o f  t h e  c b l l e c t o r  
. . 

t h e r m a l  l o o p  r e l i e f  v a l v e .  

2 . 1 . 1 . 1  Domest ic  Hot Water c o n t a m i n a t i o n  

A p r ime  c o n c e r n  f o r  any  s o l a r  s y s t e m  us ' ing a  ' h e a t  t r a n s f e r  

f l u i d  o t h e r  t h a n  w a t e r ,  i s  t h e  p o s s i b i l i t y  of  t h e  f l u i d  

e n t e r i n g  and c o n t a m i n a t i n g  t h e  d o m e s t i c  h o t  w a t e r  s y s t e m .  

C o l t  h a s  chosen  p a r a f f i n i c  o i l  as  t h e ' h e a t  t r a n s f e r  f l u i d  

f o r  i t s  s o l a r  systenl .  P a r a f f i n i c  o i l  i s  a n o n - t o x i t ,  

n u l l - l r u t r i t i v e  ; f l u i d  t h a t  p e r f o r m s  w e l l  i h  t h e  s o l a r  , , : 

c o l l e c t i o n  sys t em.  

The C o l t  s o l a r  sys t em h a s  t h r e e  a s s u r a n c e s  t h a t  t h i s  con-  

t a m i n a t i o n  w i l l  n o t  o c c u r :  

1. 'I'he p a r a f f i n i c  o i l  i s  i n  a  c l o s e d  l o o p  c o n f i g u r a t i o n  

from t h e  c o l l e c t o r  a r r a y  t o  t h e  h e a t  exchanger  and 

back t o  , t h e  c o l l e c t o r s .  Th is  l o o p  w i l l  have been 

h y d r o s t a t i c a l l y  t e s t e d  t o  100 p s i  p r i o r  t o  f i l l i n g  

w i t h  p a r a f f i n i c  o i l .  

2 .  The p o s s i b i l i t y  o f  c o n t a m i n a t i o n  i s  f u r t h e r  minimized  
. . 

by t h e  f a c t .  t h a t  i f  a p a r a f f i n i c  o i l  l e a k  o c c u r r e d  i n  

t h e  s t o r a g e  t a n k ,  t h e  o i l  would f l o a t  k a r m l e s s l y  on 

t o p  o f ' t h e  s t o r a g e  w a t e r .  

3. The p o s s i b i l i t y  o f  p a r a f f i n i c  o i l  l e a k i n g  from t h e  

t h e r m a l  s t o r a g e  w a t e r  t o  t h e  d o m e s t i c  w a t e r  l i n e s  o r  

h o t  w a t e r  h e a t  exchanger  t a n k  i s  v i r t u a l l y  n o n e x i s t e n t ,  



because  ( 1 )  t h e  d o m e s t i c  w a t e r  i s  s e p a r a t e d  from t l ie  

p a r a f f i n i c  o i l  by a second  boundary ,  and  ( 2 )  t h e  

d o m e s t i c  w a t e r  i s  a t  a  g r e a t e r  p r e s s u r e  than  t h e  

a t m o s p h e r i c  p r e s s u r e  o f  t h e  s t o r a g e  w a t e r .  

P o s s i b l e  I lazard - None 
. . 

. . 

2.1.. 1 . 2  G l a s s  Rreakage 
, . 

The g l a z i n g  s p e c i f i e d  f o r  the '  s o l a r  c o l l e c t o r  1 s  1 / 8 1 1  

tempered g l a s s . '  I n  t h e  e v e n t  o f  g l a s s  b r e a k a g e ,  no  h a z a r d  

i s  e x p e c t e d  l lecause o f  tlle way. t l ie t e m p e r e d  g l a s s ,  b r e a k s  , . . . . . .  . . . . . , i i  . .. . .. . 

i n t o  s m a l l  h a r m l e s s  T h i s  i s  n o t  t r u e  o f  normal  
. . 

s t r e n g t h  g l a s s ,  which c o u l d  be v e r y  haza rdous  by b r e a k i n g  

i n t o  l a r g e ,  jagged s h e e t s ;  I n  t h e  ' e v e n t  o f  a  h a i i s t o r r n ,  - 
no damage i s  f o r e s e e a b l e .  ' l 'ests conduc ted  a t  LASL d u r i n g  

t h e  l a s t  t h r e e  y e a r s  have ,  e x p e r i e n c e d  h a i l s t o n e s  of  2" i n  

d i a m e t e r ,  a n d  no damage t o  c o l 1 e c t o . r  g l a z i n g  h a s  oc ' cu r red .  

. .. 
P o s s i b l e  IIazard - None . : . , .  . . .  

2 . 1 . 1 . 3  Extreme Hot Water Tempera ture  

A haza rdous  c o n d i t i o n  t o  p e r s o n n e l  may e x i s t  if t h e  domes- 

t i c  h o t  w a t e r  t e m p e r a t u r e  e x c e e d s  160° .  I f  t h i s  c o n d i t i o n  

e x i s t s  a f t e r  t h e  s o l a r  sys t em i s  a d j u s t e d ,  C o l t  w i l l  i n s t a l l  

a  mixing  v a l v e  t o  mix c o l d  w a t e r  w i t h  t h e  e x c e s s i v e l y  h o t  

w a t e r  p r i o r  t o  d o m e s t i c  u s e .  

P o s s i b l e  Hazard -:None ' 



2 . 1 . 1 . 4  R e l e a s e  o f  !<el i e f  Valve 

T h e r e  e x i s t s  t h e  p o s s i h i l i t y  o f  a h a z a r d  t o  p e r s o n n e l ,  i f  

t h e  r e 1  iel '  v a l v e  i.n t.1ie c o l l e c t o r  t h e r m a l  loo11 i s  opened  

and  h o t  o i l  i s  e j e c t e d  i n t o  t h e  a i r  a n d  p o s s i b l y  

o n t o  p e r s o n n e l .  1'0 a l l e v i a t e  t h i s  p o s s i b l e ,  h a z n r d ,  p i p i n g  

has been  d e s i g n e d  t o  d i s c h a r g e  the  p a r a f f i n i c  o i l  i n t o  a 

g r a v c l  c a t c h .  b a s i n  i n  t.he e v e n t  o:f a d i s c h a r g e  t h r o u g h  t h e  

r c l i e f  v a l v e .  

P o s s i b l e  IIazarcl - None 

. , 

2 . 1  ..'2 Ffazards  t o  Equi pnlcrlt 

H a z a r d s  t o  equ ipmen t  a r e  t h o s e  h a z a r d s  which  a r e  j udged  t o  

c a u s e  e q u i p m e n t  F a i l u r e s  a n d / o r  d e ~ t r u c t i ~ o n  o f  e q u i p m e n t .  

P o s s i b l e  h a z a r d s  t o  eq~r ip rnen t  a r e  g e n e r a l l y  c a t e g o r i z e d  a s  

r e s u l  t i n g  f rom o v e r p r e s s u r e  o r  o v e r s t r e s s  i n g  o f  components .  

An a d d i t i o n a l  p o s s i b i 1 i t . y  e x i s t s  and  t h a t  i s  ' t h e  p r e s e n c e  of  

f u n g i  i n  t h e  t h e r m a l  s t o r a g e  w a t e r .  

2 . 1 . 2 . 1  O v e r p r e s s u r e ,  O v e r s t r e s s i n g  and  Leakage 

A l l  p r e s s u r e  v e s s e l s  w i l l  be  s u b j e c t e d  . t o  component p a r t .  

t e s t i n g  a t  t h e  m a n u f a c t u r e r ,  t o  a  p r e s s u r e  o f  2 . 5  t i m e s  

M . E . O .  P .  A f t e r '  t h e  s o l a r  s y s t e m  i s  i n s t a l l e d ,  a n o t h e r  h y d r o -  

s t a t i c  t e s t  w i l l  be  p e r f o r m e d  on a l l  p i p i n g  and p r e s s u r e  

v e s s e l s  t o  i n s u r e  t h a t  t h e  s y s t e m  p i p i n g  and  j o i n t s  w i l l  

w i t h s t a n d  a  p r e s s u r e  oE 2 . 0  t i m e s  M.E.O.P. T h i s  t e s t  v i r t u a l l y  

e l i m i n a t e s  any f a i l u r e  i n  any  p a r t  o f  t h e  f l u i d  s y s t e m .  . 

P o s s i b l e  Hazard  - None 



2 . l .  2.2.  Fung i .  i n  S t o r a g e  w a t e r '  

A warm, m o i s t  c l ' ima te  i s  c o n c l u s i v e  t o  t h e  p r o p a g a t i o n  

o f  fungi '  and  a l g a e .  S i n c e  t h e  h o t  s t o r a g e  w a t e r  t e m p e r -  

a t u r e  i s  e x p e c t e d  t o  be between 160°  and  200°,  it' i s  

h i g h l y  u n l i k e l y  t h a t  any  t y p e  o f  o r g a n i s m  can. s u s t a i n  

l i f e  a t  t h e s e  t e m p e r a t u r e s .  Dur ing  v e r i f i c a t i o n  t e s t i n g ,  

t h e  t h e r m a l  s t o r a g e  t a n k  w i l l  be  i n s p e c t e d ,  and i f  f u n g i  

o r  a l g a e  i s  d e t e c t e d ,  e l i m i n a t i o n  w i l l  be a c c o m p l i s h e d  

u s i n g  c h e m i c a l s  f a m i l i a r  t o  t h e  p o o l  i n d u s t r y .  

. 
~ o s s i b l e  Hazard  - None' , :  . . 

2 . 1 . 2 . 3  C o l l e c t o r  .'Thermal Expans ion  

P r e v i o u s  t e s t i n g  ha.s shown t h a t  c o l l e c t b r  t e m p e r a t u r e s  

can go a s  h i g h  a s  4 0 0 ' ~ .  From a m b i e n t  t o  400°F, t h e  

c o l l e c t o r s  w i l l  expand  a p p r o x i m a t e l y  0.1" i n  t h e  l a t e r a l  

d i . r e c t i o n  and  .03OW :in ' t h e  t r a n s v e r s e  d i r e c t i o n .  ' T h i s  

e x p a n s i o n  h a s  been a l l o w e d  f o r  i n  t h e  d e s i g n  o f  t h e  
. . . . 

! . 

c o l l e c t o r ,  and  no  a r e  e x p e c t e d .  ' 

P o s s i b l e  Hazard  - None 

2 . 1 . 2 . 4  Thermal S t o r a g e  Tank V e n t i n g  

A 3/4" v e n t  h a s  been  d e s i g n e d  i n t o  t h e  l i d  o f  t h e  s t o r a g e  

t a n k .  T h i s  v e n t  w i l l  a l l o w  f o r  t h e  removal  o f  e x c e s s  

w a t e r  and a i r  p r e s s u r e s  ' i n  t h e  s t o r a g e  t a n k .  I f  t h e  

s t o r a . g e  t a n k  c o o l s ,  t h e  v e n t  w i l l  a l . 1 0 ~  f o r  f r e s h  a i r  t o  

.be t a k e n  i n ,  e l i m i n a t i n g  t h e  p o s s i b i l i t y  o f  t a n k  c o l l a p s e .  



I f  t h e  f l o a t  v a l v e  i n s i d e  t h e  t h e r m a l  s t o r a g e  t a n k  m a l -  

f u n c t i o n s ,  e x c e s s  w a t e r  w i l l  fl.ow o u t  t h e  ve'nt . .  Because  
5 .  

t h e  v e ' n t  i s s i z e d  a s  3 / 4 1  'and t h e  f i l l  it 3 / 8 " ,  o v e r -  

p r e s s u r e  1s n o t  e x p e c t e d  t o  be a  p rob lem.  

P o s s i b l e  Hazard  - None 

2 . 1 . 2 . 5  C o l l e c t o r  E x p l o s i o n / I m p l o s i o n  

A p o s s i b i l i t y  o f  c o l l e c t o r  e x p l o s i o n  'or  imp1osi.d.n e x i s t s  

i f  v e n t i n g  i s  n o t  a ' l lowed f o r .  Th ree  ( 3 )  o n e - q u a r t e r  

( 1 / 4 )  i n c h  h o l e s  have  been  d e s i g n e d  at t h e  h n t t o r n  o f  c a c h  
. . . . . . 

. . 
. s o l a r  c o l l e c t o r  f r ame .  Dur ing  h e a t  up ,  t h e s e  h o l e s  v e n t  

o f f  p r e s s u r e  be tween  t h e  g l a z i n g  and  c o l l e c t o r  p l a t e ,  

e l i m i n a t i n g  t h e  p o s s i b i l i t y  o f  c o l l e c t o r ' . e x p l o s i o n .  A t  

t h e  e n d  of  t h e  h e a t i n g  d a y ,  t h e  h o l e s  admi t  a i r  t o  t h e  

s p a c e  between t h e  g l a z i n g  and  a b s o r b e r  g l a s s ,  m a i n t a i n i n g  

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

p o s s i b i l i t y  o f  c o l l e c t o r  i m p l o s i o n .  The h o l e s  s e r v e  a  

s e c o n d  p u r p o s e  i n  t h a t  t h e y  a l s o  d r a i n  a n y  c o n d e n s a t e  

f o r m i n g ,  on t h e  u n d e r s i d e  o f  t h e  g l a z i n g .  

P o s s i b l e  Hazard  - None 

2 . 1 . 3  Hazard  . t o  S t r u c t u r e  

Two p o s s i b l e  h a z a r d s  c o u l d  p r e s e n t  p rob lems  t o  t h e  s t r u c t u r e :  

( 1 )  e x c e s s  c o l l e c t o r  w e i g h t  on t h e  r o o f  o f  an e x i s t i n g  

s t r u c t u r e ,  and (2 )  t h e  l e a k a g e  o f  w a t e r  t i g h t .  s e a l s .  

2 . 1 . 3 . 1  Excess  Weight  on Roof 

In  r e t r o f i t t i n g  an e x i s t i n g  s t r u c t u r e  t o  a  s o l a r  c o l l e c t i o n  



. . 

s y s t e m ,  t h e r e  e x i s t s  a  p o s s i b i l i t y  t h a t  t h e  s t r u c t u r e  

w i l l  n o t  s u p p o r t  t h e  we igh t  on t h e  r o o f . .  A c o l l e c t o r ,  

a r r a y  weighs  a p p r o x i m a t e l y  s e v e n  ( 7 )  pounds p e r  s q u a r e  

f o o t .  P r i o r  t o  i n s t a l l a t i o n  ' o f  a  c o l l e c t o r  a r r a y  on 

t h e  r o o f ,  an a s s e s s m e n t  w i l l  be made t o  d e t e r m i n e  t h e  

l o a d - c a r r y i n g  c a p a c i t y  o f  the '  r o o f  o f  t h e  s t r u c t . u r e  t o  

b e r e t r o f i t t e d .  I f  r e q u i r e d ,  t l ~ e ' l o a d - c a r r y i n g  c a p a b i l -  

i t y  o f  t h e  r o o f  s t r u c t u r e  w i l l  be i n c r e a s e d .  

P o s s i b l e  Hazard  - None 
'. , . . 

2 . 1 . 3 . 2  Leakage o f  Weather T i g h t  S e a l s  

The p o s s i b i l i t y  o f  l e a k a g e  a round  w e a t h e r  t i g h t  s e a l s  i s  

min imal  bec,ause t h e  normal  s t a t e - o f - t h e - a r t  r o o f i n g  a n d  

% f l a s h i n g  p r a c t i c e s  w i l l  be  employed.  A l l  s e a l s  t h a t  must 

move t o  p r o v i d e  t h e r m a l  e x p a n s i o n  u s e  p r o v e n  c o l l e c t o r  
. . 

i n s t a l l a t i o n  t e c h n i q u e s .  

P o s s i b l e  Hazard  - None 

2 . 2  R e s i d u a l  Haza rds  

There  a r e  no  r e s i d u a l  h a z a r d s  i n  t h e  C o l t  s o l a r  system'.  

2 . 3  Hardware F a i l u r e s  t h a t  C o n t r i b u t e  t o  a  Hazard  

The so1a.r  s y s t e m  h a s  been e n g i n e e r e d  s o  t h a t  any component 

f a i l u r e  i n  . t h e  s o l a r  s y s t e m  w i l l  n o t  c r e a t e  a ha ' za rd .  

P o s s i b l e  Hazard  - None 



3 . 0  Conc l u s  ion 

The C o l t  s o l a r  s y s t e m  d o e s  n o t  p r e s e n t  a haza rd  t o  p e r s o n n e l ,  

equ ipn ;en t ,  o r  s t r u c t u r e .  
. , 

T o t a l  Sys t em Hazard  - None 
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I t  i s  t h e  p u r p o s e  of t h e  t r a i n i n g  program t o  i d e n t i f y  t h e  

s k i l l  l e v e l  r e q u i r e d ,  a n d ,  t h e  t r a i n i n g  p r o g r a m  s y l l a b u s  t o  be 

i m p l e m e n t e d , ' w i t h  t r adesmen  l o c a l  t o  i the o p e r a t i o n a l  t e s t  s i t e .  

The t r a i n i n g  program &ill assume t h a t '  t h e  i n s t a l l a t i o n  c o n -  

t r a c t o r  p r o f e s s e s  c e r t a i n  s k i l l s  n e c e ' s s a r y  f o r  a  c o n t r a c t o r  

i n v o l v e d  w i t h  i n s t a l l a t i o n  and s e r v i c e  of  h e a , t i n g  s y s t e m s .  

Those r e q u i r e m e n t s  a r e  d e f i n e d .  i n  t h i s  t r a i n i n g  program.  

S p e c i a l  L r a i n i n g  which would n o t  n e c e s s a r i l y  be a  p a r t  o f  a n y  

h e a t i n g  c o n t r a c t o r 1  s background ,  t h a t ,  i s  t y p i c a l  t o  s y s t e m s  

s u c h  a s  C o l t t  s ,  w i l l  be  c o v e r e d  i n  a  t r a i n i n g  p rog ram c o n d u c t e d  

by C o l t  i n  t h e  l o c a l e  o f  t h e  o p e r a t i o n a l  t e s t  s i t e .  

2 . 0  con t r a c t o r  P r e r e q u i s i t e  

The c o n t r a c t o r  i n s t a l l i n g  t h e  s o l a r  s y s t e m  s h o u l d  be s k i l l e d ,  

e x p e r i e n c e d ,  and t r a i n e d  i n  a l l  t h e  p r i m a r y  d i s c i p l i n e s  o f  

h e a t i n g  and  v e n t o i l a t i o n .  

1. The c o n t r a c t o r  s h a l l  have  e x p e r i e n c e  i n t h e  t h e o r y  a n d  

p r a c t i c e  o f  h e a t i n g ,  v e n t i l a t i o n ,  b a s i c  a i r  d i s t r i b u -  

- t i o n ,  h e a t  l o a d s ,  and  h e a t i n g  equipment  f u n d a m e n t a l s .  

T h i s  b a ~ k g r o u n d  s h o u l d  i n c l u d e  t h e  a b i l i t y  t o  f o l l o w  

s y s t e m  s c h e m a t i c s  ; t o  t r o u b l e  s h o o t  f rom t h e  s c h e m a t i c s ;  

a n d  a l s d  u n d e r s t a n d  m a n u f a c t u r e r 1  s c a t a l o g s ,  c h a r t s ,  

s p e c i f i c a t i o n s ,  and s p e c i a l  i n s t r u c t i o n s .  

2 .  The c o n t r a c t o r  s h o u l d  have  a b a s i c  u n d e r s t a n d i n g  of  

a l t e r n a t i n g  c u r r e n t ,  mo to r  c o n t r o l ,  t h e r n l o s t a t s ,  a n d  

E l -  
. . 



and low v o l t a g e  w i r i n g .  The v a r i o u s  c o n t r o l  d e v i c e s  

u s e d  f o r  h e a t i n g  and  h o t  w a t e r  sys t ems  s h o u l d ,  t h e r e -  

f o r e ,  be u .nders tood by t h e  c o n t r a c t o r .  Types o f  t o o l s  

f o r  bo th  s e r v i c e  and i n s t a l l a t i o n  o f  c o n t r o l  equipment  

s h o u l d  be f i r s t - h a n d  knowledge o f  t h e  c o n t r a c t o r .  

3 .  The c o n t r a c t o r  shou, ld  und.ers tand  t h e  d e s i g n  and  l a y o u t  

o f  a . i r  d i s t r i b u t i o n  sys t ems  a s  t h e y  a p p l y  t o  s p a c e  

h ' e a t i n g .  He s h o u l d  have an und .e r s t and ing  o f  t h e  t e r m -  

i n o l o g y  i n v o l v e d  w i t h  a i r  d i s t r i b u t i o n  sys t ems  a s  i t  

a p p l i e s  t o  f r i c t i o n  c ' a l c u l a t i o n s ,  d u c t  v e l ' o c i t y ,  s t a t i c  

p r e s s u r e ,  and t h e  v a r i o u s  t e c h n i q u e s  used  f o r  b a l a n c i n g  

a i r  d i s t r i b u t i o n  sys t ems .  

4 .  The c o l ~ . t r a c t . o r  s h o u l d  have knowledge o f  g e n e r a l  s h e e t  

111etal f a b r i c a t i o n ,  knowing t h e  c h a r a c t e r i s t i c s  o f  

m a t e r i a l s  commonly used  i n  s h e e t  m e t a l  work. He s h o u l d  

u n d e r s t a n d  t h e  b a s i c  p r i n c i p l e s  i n v o l v e d  - i n  s h e e t  m e t a l  

p a t t e r n  development .  He should. have e x p e r i e n c e  i n  l a y -  

i n g  o u t ,  c u t t i n g ,  fo rming ,  and j o i n i n g  m a t e r i a l  a s  

r e q u i r e d  i n  l i g h t  m e t a l  f a b r i c a t i o n .  

5 .  The c c n t . r a c t o r s  s h o u l d  ha.ve e x p e r i e n c e  i n  t h e  i n s t a l l -  

a t i o n  o f  p i p i n g  s y s t e m s  i n v o l v i n g  t h e  s w e a t i n g  o f  

s o l d e r  i n  c o p p e r  f i t t i n g s .  He s h o u l d  know how t o  p r c -  

p e r l y  c l e a n ,  s o l d e r ,  and t e s t  a l l  p i p i n g  s y s t e m s .  

6.  The c o n t r a c t o r  s h o u l d  be e x p e r i e n c e d  i n  t h e  a p p l i c a t 3 o n  



. . . . 

o f  v a r i o u s  i n s u l a t i o n  m a t e r i a l s  on p i p i n g  s y s t e m s .  

T h i s  e x p e r i e n c e  i h o u l d  i n c l u d e  t h e  i n s u l a t i o n  t e c h -  

n i q u e s  on c o r n e r s ,  v a l v e s ,  and  o t h e r  p e r t u r b a n c e s  

t h i t  may be ; in  a  s o l a r  sysiem. . . 

7 .  The c o n t r a c t o r  s h o u l d  have ; t h e  e x p e r i e n c e  i n  f i l l i n g  
. . 

f l u i d  s y s  tems t h a t  r e q u i r e  ' e x a c t i n g  q u a n t i t i e s  o f  

f l u i d  and  t h e  p u r g i n g  o f  ' i n t r a i n e d  . a i r .  

. . 

8. Tlle c o n t r a c t o r  s h o u l d  have a  g e n e r a l  u n d e r s t a n d i n g  

o f  h e a t  t r a n s f e r  and  t h e  r e , l a t i v e  v a l u e  o f  d i f f e r e n t ,  

fo rms  o f  i n s u l a t i o n .  T h i s  s h o u l d  i n c l u d e  a  b o y k i n g  

k n o ~ l e d g e  o f  a v a r i e t y  o f  i n s t a l l a t i o n  t e c h n i q u e s  

o f  i n s u l a t i o n  i n / o n  a i r  d i s f r i , b u t i o n  duc t s . .  . 

3 . 0  S p e c i a l  Equipment 

There  i s  n o  s p e c i a l  equ ipmen t  t h a t  i s  n o t  p r o v i d e d  by C o l t  

f o r  t h e  i n s t a l l a t i o n  of t h e  s o l a r  h e a t i n g  a n d  h o t  w a t e r  h e a t -  

i n g  sys t em.  I 

4 . 0  C o l t  T r a i n i n g  Program 

The ~ o l  t t r a i n i n g  pr6gra.m p r o v i d e s  t h e i n s t a l l i n g  c o n t r a c t o r  
; !; . . 
, . 

w i t h  a d e t a i l e d  d e s c r i p t i o n  o f  t h e  s y s t e m ,  i i i t r u c t i b n  i n  s u b -  

sys t em i n s t a l l  a t i o n  t e c h n i q u e s ,  a n  e x p l a n a t i o n  o f  t h e  s i t e  

d a t a  a c q u i s i t i o n  s y s t e m ,  t r a i n i n g  i n  c h e c k - o u t  p r o c e d u r e s ,  

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

and t r a i n i n g  i n  s y s t e m  t r o u b l e  s h o o t i n g .  Fo r  t h e  c o n t r a c t o r  

e x h i b i t i n g  t h e  p r e v i o u s l y  d e f i n e d  s k i l l s  ' a n d  y r e r e q u i  s i t e s ,  



and upon c o r p l e t i o n  o f  t h e  c o l t  t r a i n i n g  program, t h e  i n s t a l -  
. . 

l a t i o n  and o p e r a t i o n  o f  t h e  s o l a r  h e a t i n g  and h o t  w a t e r  h e a t -  
. , 

i n g  s y s t e m  w i l l  be w i t h o u t  d i f f i c u l t y .  The i n s t a l l a t i o n  w i l l  

be a s  r o u t i n e  a n h  s S t r a i g h t  fo rward  a s  any  convent . iona1  h e a t i n g  
. . 

sys t em.  

4 . 1  System . D e s c r i p t i o n  

To be s u p p l i e d  l a t e r .  

4 .2  I n s t a l l a t i , o n  Techniques  

To be s u p p l i , e d  l a t e r .  . . . I t . :  

. . 

4 . 3  S i t e  Data  A c q u i s i t i o n  System and I n s t r u m e n t a t i o n  

To be s u p p l i e d  l a t e r .  

4 .4  System Check-out  P r o c e d u r e s  

To be s u p p l i e d  l a t e r .  

4 .5  System Opera t  i o n s  

To be s u p p l i e d  l a t e r .  

4 .6  Systetn T r o u b l e  S h o o t i n g  

To be s u p p l i e d  l a t e r .  

The d e t a i l s  o f  t h e  C o l t  t r a i n i n g  program w i l l  be f o r m u l a t e d  

and  w r i t t e n  d u r i n g  t h e  i n s t a l l a t i o n  and  s y s t e m  t e s t i n g  o f  t h e  

V e r i f i c a t i o n  acd  Development T e s t  equipment  b e i n g  i n s t a l l e d  

i n  t h e  C o l t  t e s t  f a c i l i t y .  
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PRELIMINARY DESIGN DRAWINGS 
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\AT ALL SLOT LOCATIONS 

NOTES 

I. 

\ 

VIEW A 
SCALE ?/I. 

GLASS SORFACLS MUST B E  W E N  
CLLANED TO LLIUINATC &-L 
SVUDGLS OR COGGLD AREAS, 
LXTRLMLLY GOOD CLEANIN6 AuD 
HANDLING TECHHI UES LIRE 
RLQU!RED S\NCL At% RLSICUE 
BICO~E A NUCLEATIOU POINT 
F 0 9  COUDENSATIOH TO OCCUR. 

APPLY DOW CORNlr(6 732 B L A C K  
LIQUID S ILASTIC OR <QUI'JAL\~T 
TO THE A R U S  SHOWN. MINIMUM 
FILLLTS A N D  APPLICATION IS 
DLSlREO TO P R t V i N T  IUTIRFWEYCL 
WITH FIELD ASSLb%LY COMF~JMEHTS. 

SLAL CORKEPS TO BOTTOM O i  GLASS 
SEALS D.C.731 ON TUIS BUD 
OF C ~ L L L C T ~ R S  OHLI. 

APPLY ac.n? PRIOR TO CAP STRIP 
IH5TALLATlDN TO SEAL THIS JOINT. 

CRIMP AT ALL SLOT LOCATIONS 
WHILE LXERTIHG A SLlGUT 
DOWNWARD PRESSURE. 

I\ TLMPORARY BLACK PLAGnC 
OR VINYL C O V U  TAPED IN RACL 
IS  ZEQOIRLD TO COVER GLAE5 
AUO KELP THL COLLLCTORS 
COOL D U R ~ M G  INSTAUATIOH. 

I 
,,*. ' I '  

/ .. 

1 ;  
. , 

'. ! 
. . 
' I 
I ,  

: I '. : 
I I 

(c .  



NoTLS: . 
1. MATERILL- zo W . ( . O ~ ~ I N ) C . R . M ~ L D  STEEL 

' L MAXIMUM OPLRATING PRESSURE -90  PSIG 
J.PROOT TEST AM- LUK TEST AT l o o p s &  

WlTM *MOP AIR A N D  S O A P  SQUTlON 
OR LIQUID LEIK DETECTOR.  MUST BL 
BUBBLE FLCC. 

4.1 -! lw. NOMINAL HAUlrOLD HllGHT ACROBS . 
$&TI4 0 1  PANEL TO FIRST ROW OF ?SPOT VPDB. 

5. .0b0 IN.  NOMINAL FLOW PASSAGE UCIGHT OVCR 
UNITORH mRTION Or  PANU AT SYORT WELDS. 



QWIX - 2  10-L, SLOT TED ~;oLc..j 

TU!S S1DE ONLY 9  SPACES^\^"^ 

VIEW B (UWER END; -- 
SC&LC.'FUL,L SIZE 

I. S R E A K  SHARP EDGES. 

2 . 2 0  GA. ( .O~SLN)  C.R. 5NEET %TELL(ARIYO I.F.ZIYC 

QRW, PAINT GRIP) OR LQOIVALENT. CLEAN, , 

DEQRtASL A N D  PRIHC SPRAY W l T N  PPB 
INUlBlTlVt  CPOXY PRlYIER, UC-P0485, A%.: 

.2 M I L  DRY THICKUESS, Fl&5H 50LVLNTS FOR 
APPIID%.IOM\W. BAKE APPUOX. I D W I N .  

d 400°F.) COOL, SPRAY WITH LOW GLOSS 

DURACRON W P L R  b O O '  TO O B T A I N  
APPROX.  1.0 M I L  D R Y  fILM,FLA3U S0LVLNTS 

M I N I M U M  OF LDMUN., BAKL APPROX. 

10 M~NuTES e 4 0 0 ° F .  

V:iW C ( L ~ W C R  cue> 
S C A L E :  FULL 5 1 Z E  



. - - TYP 
TYP 

' MAT'I- - 2 8 ~ ~ . ( . 0 1 5  \N.) C. R. SHELT STLEL 
(ARMCO \.F. Z INC GRIP, PAINT GRIP) 

OR EQUIVALENT. CLEAN, DPGREASL 
AND PRIME W I T H  GOOD -?UALIT'f 



. . . . 

E Q U \ V A L E N f .  CLEAN D L G R L A S L  AND 
P R I M E  SPRAV W I T H  PPG \ N H L B \ T \ V L  
rPoxy  P R I M ~ R  uc-40485 A P P R o X .  

M\L DRY THIC'KNESS FLASA SOLVLNTS 
FOR A P P R O X . 1 0  M\NUTF!S. BAKL APPROX. 
lo M\U. F? 4 0 0 ° F  COOL SPRAT W I l M  L O W  
GLOSS DURACR~U S U ~ R  LOO 70 0 8 T A \ U  

t APPROX. 1.0 M \ C  D R Y  F I L M  F L A S H  
SOLVENTS M IU~~AUM or \d m ~ u u r r s ,  
BAKE AWROX.  I O M I N ,  p 40Q°F. 

1 .  BREAK SHARP EDGC-5 . 



MAT'L: SIC\CON€, 3LACK, AARNESS - SMORL A .  5 0  

BAKE FOR L HOURS M I N \ M U M  AT 400"  F 
E N D .  PRODUCT TO B E ,  STRAIGHT IN FR€E STATE CONDITION 

PART' TO M SH\PPED \N LOOSE 50' CO\LS ' 



.B .- 
IS' 

I" 

v 9 I 
~ALBT .. d A1 

8: 
i 2s 

'7 







I  +R TYP 7. . 1 i-itt4 
'\ L - " l  

I . ,  
- - -- - - - . - 

2. MATERIAL - 2 6 ~ ~ . ( . 0 2 ' ~  IN: C.R. SHEET ST€€L(PRHCO 1.F Z\UC GRIP, 
PAINT GRIP) OR tQU\VALEUT. CLEAN, Dt GREASE 
XFLD. PR,Y,E *RAY WITH P. P. G. INH\BIT\V€ EPOXY 
PRIMER, I jC- ,10485,  APPROY. .2 MlC DRY TM\CKNFSS, 
FCASCI SOL\'LNTS FOR APPRoX.IO fllN., BAKE 
APPROX . I 0  M\U. @ h O ° F . ,  COOL, SPRAY WITH 
LOW C3LASS DURACROU SOPER 600 TO OBTAIU- 
APPROY. 1.19 MIL DRY FILM, FLASH SOLVENTS M\H. 3 F  
ID MINUTLS, BAUL APPI\D%. 10 M l N m S  400° F. 

I .  BREAK SUARP EDGES PREUMINAR\ 
NOTtS : 



P.' 1 r;? ;:>. I. $ ,, ., ,. . 
6;-:  .' 
: 7q 

I 
G 

2 .  MATERIAL - 70  ~ ~ . ( . 0 3 5   IN^ c.R. SULZT TLEL(APMCO \.F. ZINC 
GRIP, PA\*T QR\P) OR CQU\VALENT.CLEAN,D€GR€ASE 
$F'RIM€, SPRAY WVTW P.P.G. IhCI\B\T\v€ EPOXY PRIMLR, 
U C  -40485j  APPRO%. .ZM\L RRY T H I C K N E ~ ~ ,  FLASH 
SoWLMTS FOR APPROX.  I O M I N .  BAKE APPROX. 

10 MIM. e -OF., COOL, SPRAY VATU COW GLOSS 
DARACRON SUER 600 TO OBTAIN APPROX. 

I.OMIL DRY FILM, FLASH SOLVENTS Mlhi. OF 
IOMINUTLS, B A K C  APPRox. 10 M\N. @ 400F. 

\ . B R E A K  SHARP E D G E S  

NQTES:  . 





. MATERI .2b GA.(.oz? IN) C.R. SHEET STL€C(ARMCQ 1.F. ZINC GRIP 
PAINT GRIP) OR CQU\VhL€MT. CLLAN DLGRLASE AH& 
PRlML SPRAY W I T H  P. P. G. MCI IB \T \V~  EPOXY P R l M t l ,  
O C  -a0485 APPROX. .ZWL DRY THICKNLSS F L A W  
SOLVENTS' FOR APPROX. n~ WINUTES B A K ~  APQROX. 
10 MIU. P 4000  F. COOL, SPRAY WITH UW'GLASS 
DORACEON SUPER LOO 1C" OBTAIN APPRO%. 1.0 MIL 
DRY FILM F L A W  SOLVLU'S WIN. O F  1 0  MIUUTLG, 
BAKE APCROX. 10 FAIUUTG e koao F. 



. - 
f2 2 

-. . - , . . . . . . 

AND Pf.\MZ. SPRAY WITH PPG \YW\B\T\VE. EPOXY 
PRlMLR,UC-40485 ,  APPROX. .i M\L DRY TH\CKNESS, 

FLASH SOLVENTS FOR APPRoX. IDMIM. BAKE. 
APPRO.<. lo MIFI @ 40O0E, COOL, SPRAY WITH 

L O W  GLOSS D U R A C R O H  SUPLR 600 TO OVAIN ' 

. APPRGX. 1.0 M\L 3 R Y  FILr4,FLASH SOLVCNTS 

I .  BREAK S H A R P  EDGES 

. . . . 
* 4 



PAINT GRIP) OR EQUIVALENT. CLEAN DECRASE AND 

PRIME SPRAY WITHP.PG. \t4W\BITIVE LmXY PRIMER, 

UC - 4 0 4 8 5 ~  APPROX. . Z M I L  DRY TW\CKNLES, FLASH 
SDLVEUTS FOR APPRO*- I O ~ U . ,  BAKE APPROX. 

\O W I N .  @ 4 0 0 ~ ~ .  COOL SP(VIY WITH LOd GLASS 

D U R A C  ROU S U R R  GOO T O  OBTAIN APQRoX. 
1.0 M I L  DRY FILM, FLASH SOLVENTS M \ H .  OF 
10 MINUTES, BAKE APPRO%. 10 MINUTES 4oO0F. 

I. BRLAK 5UARP EDGES . 







1.0 MIL D R V  FILM FLASH S ~ L V L H T ~  WIN. OF 10 
, MINUTES, BAKE'APPRDY.  10 M~NUTCS 4 0 0 0 ~ .  

I. BREAK SHARP EDGLS . 

NO.T€-5 : 
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