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1. Pre l iminary  

A tes t  s e c t i o n  w a s  cons t ruc ted  f o r  purposes  of determining i f  t he  m a t e r i a l s  

and methods being used f o r  b u i l d i n g  t h e  AGS and Conversion columns are adequate  

t o  wi ths tand  t h e  loads  and temperature v a r i a t i o n  t o  ,which t h e  columns w i l l  labe 

subjected.  

The tes t  column, be ing  o n e - f i f t h  t h e  l eng th  of t h e  f i n a l  columns,, c o n s i s t e d  

of an aluminum base  p l a t e ,  ceramic-aluminum r i n g  assemblies  andban aluminum end 

p l a t e  (Fig.  1). Epoxy w a s  used t o  bond t h e  components toge ther  and ind iumwas  

used t o  i s o l a t e  t h e  epoxy (which outgasses)  from t h e  vacuum s i d e  o r  i n s i d e  o f  

t h e  column. 

2. Cons t ruc t ion  of t h e  Column' 

a. Epoxy 

Tests were made (Ref. 1) t o  o b t a i n  a f l e x i b l e  epoxy, t o  minimize shear  

stresses incu r red  du r ing , t empera tu re  changes, due t o  t h e  d i f f e r e n c e  i n  thermal  

expansion rates of t h e  ceramics and ad jo in ing  aluminum r i n g s .  

a l s o  had t o  b e  s t r o n g  enough t o  c a r r y  t h e  column loading  i n  t e n s i o n  an'dl shear .  I 

The epoxy decided upon w a s  "Grodan" wi th  a r a t i o  of 50% hardener  t o  50% r e s i n .  

S ince  f l e x i b i l i t y  i s  p r o p o r t i o n a l  t o  t h e  th i ckness  of t h e  epoxy, t h e  epoxy gap 

between t h e  ceramic and aluminumcarrived a t  i s  .010 inches.  

The d e s i r e d  epoxy 

b. Machining of Ceramics and Aluminum Rings 

The ceramics (Coors AD-85) had been lapped, us ing  aluminum oxide,  t o  

a .001-in.  f l a t n e s s  and oppos i t e  s i d e s  p a r a l l e l  to. .001-in.  The ceramics were 

thenaprec i s ion  sandblas ted  i n  t h e  epoxy areas. The s u r f a c e  f i n i s h  a f t e r  sand-$ 

b l a s t i n g  became 200 t o  300 micro-inch R.M.S. The aluminum r i n g s  were machined 

t o  a' .001-in.  f l a t n e s s  and .OOl-in. p a r a l l e l i s m ,  then  sanded i n  areas 'to b e  

epoxied. 
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c .  F a b r i c a t i o n  S ing le  Ceramic-AluminumiSectionse 

Ceramic-Aluminum J i g  Setupd. 

A ceramic w a s  cen tered  on a j i g  p l a t e  and an aluminum d i s k  p laced  

i n  t h e  j i g  over  t he  ceramic. 

gap e x i s t e d  between t h e  aluminum,rings and t h e  ceramic r i n g  (Fig.  2 ) . '  

The j i g  w a s  thenqadjusted so  t h a t  a .010 f .001-in.  

d. Cleaning Ceramic and Aluminum Ring 

The ceramic and aluminum r i n g  was removed from t h e  j i g  and placed i n  

an u l t r a s o n i c  c l eane r  conta in ing  Via thane  f o r  20 minutes.  

scrubbed wi th  Alconox and w a r m  water ,  r i n sed  wi th  w a r m  t ap  w a t e r  (about 15OoF), 

d i s t i l l e d  water and a lcohol .  The ceramic w a s  p laced  i n  a vacuumbox f o r  3 hours 

t o  remove moisture .  The aluminumaring was allowed t o  a i r  dry.  The aluminum then 

etched i n  the.epoxy area (sanded area). 

Both. r i n g s  were 

The e t ch ing  s o l u t i o n  cons i s t ed  of :  

su lphur i c  a c i d  40 grams 
sodium dichromate 8 
s i l i c a  8 " 

d i s t i l l e d  water 100 I '  

The e t ch  w a s  l e f t  f o r  20 minutes on t h e  aluminum r i n g  then  r i n s e d  w i t h - d i s -  

t i l l e d  water and a lcohol  and wiped wi th  c l ean  gauze t o  remove s ludge formed dur- 

i ng  e tch ing .  
f 

The s ludge cons i s t ed  of p r e c i p i t a t e d  copper. 

e . .  Epoxying - Ceramic-Aluminum Rings 

The ceramic,  a f t e r , b e i n g  removed from t h e  vacuum box, was placed on 

an epoxy spreading tab le .  The epoxy a f t e r  being mixed (50%-50% r a t i o ) , w a s  out- 

gassed i n  a b e l l  jar f o r  s e v e r a l  minutes and .spread on t h e  ceramic w i t h  a small  

g lue  brush. A spreading t o o l  w a s  se t  wi th  a gap of .009-in. (Fig; 3) between 

t o o l  and ceramic and then  used t o  spread t h e  epoxy. This  gap w a s  increased  t o  

.014-in. when bu i ld ing  the  f i n a l  column; s i n c e  i t  w a s  noted t h a t  when, the  t o o l  

w a s  spreading t h e  epoxy, t he  epoxy th ickness  appeared less than t h e  gap d i s t ance .  

This  occurrence w a s  a t t r i b u t e d  t o  drag due t o  t h e , v i s c o s i t y  of t he  epoxy. The 

ceramic w a s  then  placed i n  t h e  p r e - s e t  l o c a t i o n  on t h e  j i g  t a b l e .  

Epaxy had been spread on t h e  aluminum r i n g  i n  t h e  same manner. 

r i n g  w a s  then  p laced  i n  t h e  p r e s e t  l o c a t i o n  on t h e  j i g  t a b l e  and t h e  aluminum and 

ceramic sandwiched toge ther  t o  form t h e  epoxied j o i n t .  Epoxy squeezed out  from 

between t h e  ceramic and aluminum.to form a bead, g iv ing  added s t r e n g t h  t o  t h e  

j o i n t . .  Two s e c t i o n s  had been madekin t h i s  manner f o r  the  tes t  column. The1 s e c t i o n  i 

was.allowed t o  set  overnight  be fo re  removal from the  j i g  p l a t e .  

The aluminum . 
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3 .  Stacking  of t h e  Column 

The b a s e p l a t e  cons i s t ed  of an L-shaped aluminum r i n g  1/4-in.  t h i c k  i n  the  

area t h e  ceramic was epoxied (Fig.  1). .The t h i n . a r e a  (1/4- in)  y i e l d s  ,when 

stresses b u i l d  during temperature  change, i . e . ,  when the  aluminum,ring and 

ceramic ,expand a t  d i f f e r e n t  rates. 

The b a s e p l a t e  w a s  cen tered  on an indium p r e s s  (Fig.  4) .  An aluminum-ceramic 

s e c t i o n  .placed on t h e  b a s e p l a t e ,  a l igned ,  checked f o r  p a r a l l e l i s m  and "jigged" 

t o  o b t a i n  a .OlO-in. gap f o r  epoxy. The ceramic s i d e  then re-scrubbed us ing  t h e  

procedure i n  paragraph 2 D  and t h e  s e c t i o n  p laced  i n  t h e  vacuum box f o r  t h r e e  

hours  . 
The b a s e p l a t e  w a s  c leaned and etched us ing  procedure of paragraph 2D. 

Epoxy then  spread on t h e  b a s e p l a t e  and on t h e  ceramic. Indium w i r e  .020-in. 

t h i c k  w a s  p laced  along t h e  inne r  edge of t h e  epoxy on t h e  basepla te .  The-ceramic-  

a luminum,sect ion w a s  then  p laced  over t h e  b a s e p l a t e  and p res su re  app l i ed  t o  com- 

p r e s s  t h e  indium and f o r c e  o u t b t h e  excess  epoxy. Three equa l ly  spaced 4 - f t  

s t r a i g h t  edges were used t o  i n s u r e  alignment of t h e  column. The epoxy j o i n t  w a s  

allowed t o  se t  overnight  under p re s su re .  

b 

The next  aluminum-ceramic,section was scrubbed on t h e  ceramic s i d e  and etched 

onsthe,aluminum s ide .  Epoxy was then spread on t h e  aluminum of t h e  s e c t i o n  pre-  

v ious ly  i n s t a l l e d  on t h e  b a s e p l a t e  and on t h e  ceramic s i d e  of t h e  next  s e c t i o n  

be ing  s tacked.  An i nne r  r i n g  w a s  set  i n  p l a c e  (see Fig.  4 )  and a s t r i p  of indium 

i n s e r t e d  between , the inne r  a n d , o u t e r  aluminum r i n g s .  The epoxied ceramic w a s  

i n s t a l l e d  and p res su re  appl ied .  The inne r  r i n g  i s  th i cke r ( s t epped)  than t h e  

o u t e r  aluminum r i n g  so  t h a t  a ,010-in. epoxy gap was au tomat ica l ly  obta ined  wi th- .  

o u t  using any j i g s  o r  shims. The p res su res  app l i ed  i n  each case  were approxi- 

mately 1200 p s i  us ing  a 2-in.  diameter hydrau l i c  p i s t o n  (3800 l b s ) .  The p r e s s u r e  

r equ i r ed  t o  compress the  indium was  c a l c u l a t e d  t o  be  775 p s i .  The remaining p res -  

s u r e  w a s  r equ i r ed  t o  overcome buoyancy of t h e  epoxy. For bu i ld ing  t h e  f i n a l  c o l -  

umn t h e ' s t r u c t u r a l  s t r e n g t h  of t h e  p r e s s  w a s  i nc reased  and p res su res  up t o  1600 

p s i  t(5000 ulbs) were .appl ied .  

The th i rd , and  l a s t  s e c t i o n ,  cons i s t ed  of a 3/4- in .  t h i c k  p l a t e  epoxied t o  

a ceramic and aga in  a .020-in. diameter indium w i r e  w a s  i n s t a l l e d .  The t h i c k e r  

p l a t e  was used as a gage f o r  t e s t i n g  t h e . f l e x i b i l i t y  s t r e n g t h  r a t i o  of t h e  epoxy. 

This  s e c t i o n  w a s  s tacked s i m i l a r  t o  t h e  previous sec t ion .  
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4.  Tes t ing  

The t e s t  column cured f o r  two weeks and thencwas  set  up on a t e s t  s tand  

(Fig.  5).  The column w a s  enclosed wi th  i n s u l a t i o n  (Mar in i te ) ,  Three.1000W 

h e a t e r s  were i n s t a l l e d  i n  t h e  enclosure.  Two temperature  bulbs  were a l s o  i n -  

s t a l l e d ,  one ,on t h e  top and one -on  t h e  bottom of t h e  enclosure.  Each bulb  w a s  

a t t ached  t o  an e x t e r n a l  temperature  gage. Two thermocouples were i n s t a l l e d ,  

one ton  t h e  ceramic and one on t h e  aluminum basep la t e .  S t r a i n  gages a l s o  w e r e  

i n s t a l l e d ,  a long  t h e  t h i n  s e c t i o n  of t he  b a s e p l a t e  t o  determine stress set up 

during loading and temperature  changes. 

I 

A brace  a t t a c h e d  t o  t h e  f r e e  end of t h e  column h e l d  a 4- in .  diameter 

hydrau l i c  !ram. 

Loads were app l i ed  t o  t h e  column v i a  the' h y d r a u l i c  ramaand the  temperature  

va r i ed  t o  s imula t e  a i r  temperature  changes which occur  around t h e  f i n a l  column 

i n s t a l l a t i o n .  

Tes t  Resu l t s  

To s imula te  loads  on a c t u a l  column t h e  fo l lowing  minimum condi t ions  were 

des i red : ,  ~ 

Moment-cantilevered wi th  s k i r t s  

Shear 1 - 
Moment-'double supported wi th  s k i r t s  
Shear- I 1  If 1 1  II 

Moment-cantilevered w i t h o u t " s k i r t s  

Shear- 

Moment-double supported wi thout  s k i r t s  

Shear- 

I 1  11 

I 1  11 I 1  

I 1  11 11 I 1  

73 , 500 in-  l b s  

3,500 l b s  

18 , 375 i n -  l b s  

2,187 l b s  

53,000 i n - l b s  

2,535 l b s  

13,300 i n -  l b s  

1,570 l b s  

Pe r iod  o f , T e s t i n g  - 2 weeks varying loads  and temperatures  

Max. Max.Equiv(lbs) Max.Equiv. ( p s i )  (1) Max. (2) Max.' (3)Change Time 
Load'  Moment -due Shear -due S t r e s s  Def lec t .  d A i r -  Temp - 

T e s t  Ib s .  , t o  loading  t o  loading  ( p s i )  ( in . )  Tap."F Change(hrs 
1 1937 35,500 ' 19.8 4,580 .002 33 2 

2 29051 53,600 1 29.6 7,730 .005 42 1 

3 3905,  72,200 3 40.0 * 10,310 .009 45 1 /2  

4 5160 95,500 52.1 13 , 750 .016 45 112 
5 6060 Held f o r  2 weeks wi th  no n o t i c a b l e  changes i n  d e f l e c t i o n  (c reep) .  
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NOTES 

(1) Information obta ined  from s t r a i n  gage loca ted  a t  area of most 
c r i t i c a l  loading on t h i n  s e c t i o n  of basepla te ;  These stresses 
developed during temperature  v a r i a t i o n .  The s t r e s s e s  due t o  load- 
ing  only were minor. 

(2) These d e f l e c t i o n s  are wi th  r e s p e c t  t o  t h e  b a s e p l a t e  and a re  due 
l a r g e l y  t o  s t r a i n  on t h e  t h i n  area of t h e  b a s e p l a t e  and p a r t i a l l y  
t o  s t r a i n  on t h e  epoxy and in t e rmed ia t e  aluminum r ings .  

The temperature  change of t h e  ceramic and aluminum lagged behind , . , .  
t h e  a i r  temperature by between 3 and 4 h o u r s < o n  a l l  tes ts .  For 
example; on tes ts  3 and 4 t h e  a i r  temperature w a s  he ld  a t  a maximum 
a f t e r  1 / 2  hour; It then  r equ i r ed  between 3 t o  4 hours  t o  raise t h e  
column =;/ . to t h e  a i r  temperature.  A l so  t h e  aluminum lagged behind t h e  
ceramic temperature  by approximately 2 - 3'F. 

( 3 )  

A s  a f i n a l ,  c r u c i a l  tes t ,  t h e  t e s t  column w a s  p laced  outdoors  sub jec t ing  
0 it  t o  a temperature change of 75'F (from 70' t o  -5 F) .  

broke t h e  ceramic.  The b a s e p l a t e l a t  t h e  t h i n  s e c t i o n  developed l eaks  b u t  did 

no t .deve lop  any major f r a c t u r e s .  The two in t e rmed ia t e  aluminumfrings showed 

no s igns .  of f a i l u r e .  

The top t h i c k  p l a t e .  

Safe tysFac tors  - Based on maximum app l i ed  load. The column w a s  no t  loaded t o  

With S k i r t s  breaking p o i n t .  

Sa fe ty  Fac tor  - Shear 2.4 both ends supported 

Sa fe ty  Fac tor  - I '  1.5 c a n t i l e v e r e d  

Sa fe ty  Fac tor  - Moment 7 .  5.2 both ends supported 

Sa fe ty  Fac tor  - I '  1.3 c a n t i l e v e r e d  

Without S k i r t s  

i'Gafety Fac tor  - Shear 3.3 both ends supported 

Sa fe ty  Fac tor  - 'I 2.0 c a n t i l e v e r e d  

*Safety Fac tor  - Moment 7 . 1  .both ends supported 

1.8 c a n t i l e v e r e d  I 1  Safe ty  Fac tor .  - 
*Expected cond i t ion  f o r  mounting i s  supported a t  both ends and without  

s k i r t s .  
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FIG. 4 - I n d i u m , P r e s s  and Assembly of Second Ceramic-Aluminum S e c t i o n  . 
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